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CHAPTER 149

The patient with diabetes 
mellitus
Luigi Gnudi, Giorgio Gentile, and Piero Ruggenenti

Historical background and perspectives
The first description of protein in the urine is found in the sixteenth 
century when, in 1527, Paracelsus gave a lecture in Basel ‘On the 
milk of the kidneys’, an observation followed by a similar finding, 
in 1664, described in a textbook on therapeutic approach to medi-
cine published by Frederick Dekkers (Cameron, 2003). It was only 
in the eighteenth century that Domenico Cotugno of Bari, physi-
cian to the King of the Two Sicilies, described for the first time the 
presence of protein in the urine of diabetic patients (Schena, 1994); 
notably in 1836, with Richard Bright, proteinuria is put into context 
with renal disease.

In 1969, Harry Keen, at the time physician at Guy’s Hospital in 
London, was the first to make the important observation, that later 
opened an intense area of research, on the presence of increased 
urinary albumin excretion rate (UAER) in some patients with 
either type 1 or type 2 diabetes (Keen et al., 1969).

In parallel to albuminuria in 1936, discussion on renal lesions 
observed in patients with diabetes led to the description, by 
Kimmelstiel and Wilson, of the characteristic nodular fibrotic 
lesions observed in the diabetic glomeruli (Kimmelstiel and 
Wilson, 1936b). Kimmelstiel and Wilson introduced the term dia-
betic nephropathy (DN) to define a clinical syndrome of arterial 
hypertension, overt proteinuria (or macroalbuminuria), and wors-
ening kidney function (Kimmelstiel and Wilson, 1936a). After the 
pioneering studies of Andres and Fiaschi on renal function (Fiaschi 
et al., 1952) and histopathology (Fiaschi et al., 1959) of diabetic 
subjects, DN was later described as part of a more general diabe-
tes presentation of microangiopathy by Lundbaek (1970). Diabetic 
glomerulopathy was initially considered as the histopathological 
counterpart of DN, but soon it became apparent that, in particular 
in patients with type 2 diabetes, this clinical syndrome could be 
associated also with changes of the nephro angiosclerotic type, or 
other primary glomerular diseases, or a mixture of different pat-
terns (Gambara et al., 1993).

DN is currently the most feared diabetic chronic complication 
and is characterized by a progressive decline in glomerular filtra-
tion rate (GFR), eventually resulting in end-stage renal disease 
(ESRD). The all-cause mortality in patients with DN is nearly 
20–40 times higher than that in patients without nephropathy. 
In recent years, it has become apparent that renal and cardio-
vascular diseases are closely related, and DN is acknowledged as 
an independent and powerful risk factor for cardiovascular dis-
ease (Karalliedde and Viberti, 2004). Most diabetic patients with 

chronic kidney disease (CKD) will die from cardiovascular disease 
before they reach ESRD and dialysis treatment (Berl and Henrich, 
2006). Diabetes represents 30–40% of all patients receiving renal 
replacement therapy (Remuzzi et al., 2002b). The rising incidence 
and prevalence of CKD (GFR < 60 mL/min per 1.73 m2) is today, 
like in the past, a major public health concern (Weening, 2004), and 
diabetes still represents the main determinant, also representing the 
major cause of ESRD (United States Renal Data System, 2010). The 
diabetes-related ESRD annual incidence rate has been decreasing 
since 1996 suggesting that treatments of risk factors (mostly hyper-
tension) have significantly contributed to this reduction; neverthe-
less the pandemic of type 2 diabetes (Jones et al., 2005; Burrows 
et al., 2010) should be considered as a likely determinant for the 
predicted future increase in diabetes-related ESRD.

The prevention and management of diabetes and its renal com-
plication remains a huge global challenge:  the global number of 
diabetic patients is believed to be around 180 million and is set 
to increase to 350  million in the next two decades (Shaw et  al., 
2010). Type 2 diabetic patients will account for 90% of all cases, 
and we expect a dramatic increase in new cases of DN within 
the predicted 25–40% prevalence of renal disease in the diabetic 
population (Remuzzi et al., 2002b). The concomitant increase in 
associated cardiovascular mortality and morbidity, and ESRD, will 
have a significant social and economic impact, particularly in the 
developing world; in particular, some populations such as patients 
with Afro-Caribbean and Asian origin known to have a significant 
higher risk for renal disease.

Despite these considerations, recent studies clearly indicate that, 
at least within type 1 diabetes, 45% of patients still develop ESRD 
or die before the onset of ESRD (Forsblom et al., 2011; Rosolowsky 
et al., 2011), suggesting that there is still an urgent need to improve 
and refine our therapeutic targets and to use available and novel 
treatments more effectively.

Pathology
In the early phase of diabetic glomerulopathy (in studies in 
type 2 diabetic patients), in mildly/moderately injured glo-
meruli, an increase in vascular endothelial growth factor-A 
(VEGF-A)-mediated glomerular endothelial cell proliferation leads 
to augmented capillary length and diameter and expansion of glo-
merular volume (Hohenstein et al., 2006); this process is often par-
alleled by microaneurysm formation secondary to mesangiolysis 
(Paueksakon et al., 2002). At later stages of the disease, progressive 
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accumulation of extracellular matrix and glomerulosclerosis will 
result in a progressive loss of glomerular capillaries, despite new 
vessel formation (secondary to a hypoxic environment within the 
glomeruli) (Osterby and Nyberg, 1987).

Parallel early changes affecting the glomerular filtration barrier 
are characterized by podocyte foot process effacement and loss of 
podocyte in the urine (Bjorn et al., 1995; Pagtalunan et al., 1997; 
Meyer et al., 1999; Steffes et al., 2001; White et al., 2002; White and 
Bilous, 2004), and by reduction in glomerular endothelial cell fen-
estration (Toyoda et al., 2007).

At the level of the tubular interstitium, the major lesion is charac-
terized by progressive interstitial fibrosis triggered by an early dif-
fuse inflammatory cell infiltrate.

Macroscopic changes
The main macroscopic change observed in the diabetic kidney is 
an increase in kidney weight largely explained by tubular hyper-
trophy and interstitial expansion (Wolf and Ziyadeh, 1999; Vallon, 
2011). These changes appear to be secondary to hyperfiltra-
tion (see ‘Pathophysiology of microvascular damage’) and active 
hyper-reabsorption of glucose, secondary to upregulation of the 
Na+/glucose transporter sGLT2 (Hummel et al., 2011), that in turns 
leads to release of pro-inflammatory chemokines and alterations 
in proximal tubular salt and fluid reabsorption. The progressive 
tubular hypertrophy triggers a further increase in reabsorption of 
the glomerular filtrate and secondary worsening of hyperfiltration 
through the physiologic action of the tubule–glomerular feedback 
system (Vallon, 2011).

Microscopic changes (light and electron 
microscopy)
The glomerulus
The hallmark of diabetic glomerulopathy is diffuse mesangial area 
expansion, thickening of the glomerular basement membrane 
(GBM), and podocyte foot process effacement and fusion with 
detachment from the GBM.

Mesangial sclerosis appears to initially affect the glomerular tuft, 
progressing, at later stages of the disease, towards the glomerular 
capillaries resulting in progressive capillary obliteration and global 
glomerulosclerosis; importantly, mesangial expansion has been 
proposed as the central mechanism for loss of kidney function 
(Steffes et al., 1989). Pathognomonic presentation of the glomer-
ular sclerotic process is accumulation of extracellular matrix into 
nodules firstly described by Kimmelstiel and Wilson (Kimmelstiel 
and Wilson, 1936b). These are often located at the periphery of 
the tuft and comprise acellular, eosinophilic, and lamellated struc-
tures; it is believed that they derive from obliterated capillaries and 
microaneurysms, or from focal mesangiolysis, which is followed by 
progressive matrix deposition which results in capillary oblitera-
tion and progressive diffuse complete glomerulosclerosis. The base-
ment membrane may be in areas maintained in its structure like the 
normal one, or somewhat thickened, but is never wrinkled or split 
(Kimmelstiel and Wilson, 1936b).

Renal diabetic lesions in patients with type 1 diabetes are pre-
dominantly located in the glomerulus, but often include arteriolar, 
tubular, and interstitial lesions. In type 2 diabetes, the degree of glo-
merular lesions overlaps significantly with that of type 1 diabetes, 

but its presentation is more heterogeneous (Figs 149.1 and 149.2) 
(Dalla Vestra et al., 2000; White and Bilous, 2000). Previous studies 
have questioned whether the heterogeneous nature of renal lesions 
in type 2 diabetes could represent a different prognostic marker for 
progression towards ESRD (Gambara et al., 1993), but the magni-
tude of urinary protein excretion (clinical proteinuria), more than 
the pattern of glomerular lesions, appears to predict the risk of 
diabetic disease progression (Ruggenenti et al., 1998). Importantly, 
alterations in the glomerular vessels appear to be linked with the 
degree of albuminuria (Osterby and Nyberg, 1987; Osterby, 1992; 
Osterby et al., 1999).

The prevalence of non-diabetic renal disease among patients 
with type 2 diabetes mellitus varies widely depending on the selec-
tion criteria and the populations being studied, and ranges from 
7% to 57% (Waldherr et  al., 1992; Olsen and Mogensen, 1996; 
Soni et al., 2006; Huang et al., 2007; Ghani et al., 2009; Harada 
et al., 2012).

Thus, the usefulness of renal biopsy in diabetic patients is still 
heavily debated, particularly in the presence of hypertension and/
or retinopathy. On the other hand, conducting a renal biopsy may 
be of paramount importance when the clinical scenario is not typi-
cal of DN. For instance, diseases other than diabetic glomerulopa-
thy and/or nephroangiosclerosis are relatively frequent in elderly 
patients, such as most of those with type 2 diabetes and overt pro-
teinuria (Figs 149.3, 149.4 and 149.5).

Evidence of nephrotic-range proteinuria in patients without 
concomitant retinopathy or arterial hypertension, or acute onset 
of overt proteinuria, should always raise the suspicion of associ-
ated diseases, such as lymphoproliferative disorders with Bence 
Jones proteinuria, systemic amyloidosis, or other glomerulopa-
thies, including membranous nephropathy, focal segmental glo-
merulosclerosis, minimal change disease, and immunoglobulin 
A  nephropathy. Since the above conditions may be treated with 
specific interventions (Ruggenenti et  al., 2012a, 2012b), prompt 
histological diagnosis is warranted to establish appropriate therapy 
as soon as possible.

Recently a uniform classification for DN has been developed com-
bining type 1 and type 2 DNs (Tervaert et al., 2010) (Table 149.1, 
Fig. 149.6); because of the important heterogeneity of lesions seen 
in type 2 diabetic patients, future validation of the prognostic value 
of this new classification system is needed.

The interstitium and the vasculature
In parallel to the glomerular lesions, tubular basement membrane 
thickening parallels later stages of glomerular disease (classes 
II–IV). With the progression of the disease, interstitial fibro-
sis with significant inflammatory infiltrates (T lymphocytes and 
macrophages) becomes more apparent and tubular atrophy is also 
observed (Bohle et al., 1991; Najafian et al., 2003, 2006).

Efferent arteriolar hyalinosis has been proposed as a specific 
lesion for DN (Stout et al., 1994), while hyalinosis of the afferent 
arteriole has mainly been described in other disease conditions. 
Arteriolar hyalinosis has been related to severity of the disease and 
albuminuria, although no distinction was made between efferent 
and afferent arteriolae (Fioretto et al., 1995; Ruggenenti et al., 1998). 
Severe more diffuse parenchymal vascular disease is observed 
mainly in more advanced cases (Bohle et al., 1991), although it has 
been proposed that the vascular disease process occurs since the 
early stages of DN (Osterby et al., 1999).
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Pathophysiology of microvascular damage
Mechanisms of altered glomerular permeability
Haemodynamic and metabolic perturbations associated with the 
diabetic milieu are the two major determinants contributing to 
the development and progression of renal disease in diabetes (The 
Diabetes Control and Complications Trial Research Group, 1993; 
Hostetter, 1994; Lewis et al., 1999; Adler et al., 2000). The interplay 
between hypertension and renal disease is complex (Cooper, 2001; 
Gnudi et al., 2007): renal impairment contributes to the development 
and severity of hypertension, while high blood pressure accelerates 
the course of renal disease. Patients with diabetes and hypertension 
have a higher risk of ESRD than patients with hypertension or dia-
betes alone (Jamerson, 2005). Raised blood pressure is often paral-
leled by clinical albuminuria, considered the earliest manifestation 
of systemic microvascular damage (Deckert et al., 1989).

The interaction between hypertension and hyperglycaemia in 
the pathophysiology of diabetic kidney disease was initially studied 
by Hostetter et al. who found a hyperglycaemia-mediated altered 
glomerular capillaries autoregulation (Ito and Abe, 1997), that by 
reducing afferent and, to a much lesser degree, efferent arteriolar 
tone, resulted in higher glomerular hydraulic pressure, and second-
ary glomerular lesions (Hostetter et al., 1981, 1982).

The mechanisms at the basis of hyperglycaemia-mediated dis-
ruption of capillary vasoregulation are complex and yet not fully 
elucidated. Hyperglycaemia-mediated increase in vascular nitric 
oxide (NO) (De Vriese et al., 2001a) and transforming growth fac-
tor beta-1 (TGF-β1) (Kagami et al., 1994; Raij, 2005) (through the 
production of reactive oxygen species (Sharma et al., 2005)) have 
been implicated in vasodilation of both afferent and efferent glo-
merular arteriolae. Hyperglycaemia also activates the local tissue 
renin–angiotensin–aldosterone system (RAAS) (Anderson and 

Fig. 149.1 Early diabetic nephropathy (class I): glomerular capillary wall thickening, moderate mesangial expansion and hypercellularity, mild interstitial fibrosis and 
moderate atherosclerosis of the vessels.
Courtesy of Franco Marchetti, Ospedale Papa Giovanni XXIII, Bergamo, Italy.
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Vora, 1995) with local excess production of angiotensin II. In dia-
betes, the documented higher sensitivity of the efferent (versus 
the afferent) glomerular arteriole to the vasoconstrictive action 
of angiotensin II, contributes to the imbalance in arteriolar tone 
which then results in higher glomerular capillary pressure (Raij, 
1995; Maddox and Brenner, 2000). As a result, in diabetes, a dis-
proportionate systemic pressure is transmitted to the glomerular 
circulation resulting in glomerular cell mechanical elongation and 
activation of the cellular mechanisms that lead to glomerular dam-
age (Arima and Ito, 2003).

Similarly in experimental animal models of glomerular hyper-
tension, such as the diabetic (or uninephrectomized) spontane-
ously hypertensive rat, haemodynamic perturbations result in 
earlier and significant increases in albuminuria, increased TGF-β1, 
mesangial expansion, and glomerulosclerosis (Cooper, 2001). To 
link, at the molecular level, metabolic and haemodynamic pertur-
bations, investigators have focused their attention on GLUT-1 facil-
itative glucose transporter (Thorens and Mueckler, 2010). GLUT-1 
expression levels in mesangial cells have been closely related with 
extracellular matrix protein expression (Heilig et al., 1995, 2001), 
and GLUT-1 protein upregulation has been proposed as one of the 
mediators of metabolic–haemodynamic interaction in diabetic glo-
merulopathy (Gnudi et al., 2003, 2007).

The excess of local angiotensin II in DN is a major direct stimulus 
for upregulation of TGF-β1 (Wolf and Ziyadeh, 1999; Daniels et al., 
2000; Weigert et al., 2002), one of the major prosclerotic cytokines 
(Ziyadeh and Han, 1997), which in turn stimulates the expression 
of different cytokines such as VEGF-A, monocyte chemoattract-
ant protein-1 (MCP-1) (Wolf and Ziyadeh, 2007), TGF-β1 itself 
(Ziyadeh, 2004), and connective tissue growth factor (CTGF) 
(Riser and Cortes, 2001; Burns et al., 2006). The excessive produc-
tion of TGF-β1 and the activation of TGF-β1-mediated pathways 
are involved in the steps that progressively lead to glomeruloscle-
rosis and renal interstitial fibrosis (Gruden et al., 2000; Chen et al., 
2005). Importantly, angiotensin II and TGF-β1 stimulate NADPH 
oxidase (Onozato et al., 2002), leading to excess reactive oxygen 
species accumulation, and stimulate GLUT-1 protein expression 
and glucose uptake in mesangial cells (Gnudi et  al., 2007). The 
excess cellular glucose uptake, driven by the ambient elevated cir-
culating glucose levels, results in activation of different intracellular 
metabolic pathways such as the polyol and hexosamine pathway, 
increased production of advanced glycation end-products, activa-
tion of protein kinase C (PKC) and p38 mitogen activated protein 
kinase (MAPK), and increase in oxidative stress (Brownlee, 2001, 
2005), pathways linked to upregulation of mediators of glomerular 
damage such as angiotensin II, VEGF-A, and TGF-β1.

The endothelium seems to play a central role in the pathophysiol-
ogy of diabetic glomerulopathy. Endothelial dysfunction has been 
shown to precede increased vascular permeability and albuminuria 
(Lim et al., 1999; Persson et al., 2008), which, as suggested in the 
‘Steno hypothesis’, could represent a common pathogenetic mecha-
nism for renal and extrarenal chronic vascular diabetic complica-
tions (Deckert et al., 1989; Stehouwer, 2004). Markers of endothelial 
dysfunction such as soluble intercellular and vascular adhesion 
molecules, von Willebrand factor, and altered microvascular reac-
tivity can be observed in patients with type 2 diabetes before the 
onset of albuminuria (Lim et al., 1999; Persson et al., 2008).

Impairment in number and function of endothelial progeni-
tor cells, involved in neovasculogenesis, endothelium repair, and 
maintenance of vascular homeostasis, has been proposed as a 
pathogenic mechanism for vascular disease in diabetes, highlight-
ing the important link between endothelial dysfunction and DN 
(Fadini et al., 2006; Hohenstein et al., 2010). Studies within popula-
tions of patients with type 1 or type 2 diabetes have demonstrated 
a reduced number and impaired function of circulating vascular 
progenitor cells in patients with microalbuminuria (Makino et al., 
2009; Dessapt et al., 2010).

In diabetes, glomerular endothelial cell injury with loss of gly-
cocalyx and cell apoptosis has been proposed as one of the mecha-
nisms of diabetic glomerulopathy (Satchell and Tooke, 2008). The 
glycocalyx, composed of heparan sulphates, hyaluronic acid, sialo-
protein, and proteoglycans (Reitsma et al., 2007; Weinbaum et al., 
2007), is a aqueous extracellular layer that covers the glomerular 
capillary lumen side, and changes in glycocalyx have been linked to 
changes in endothelial and glomerular vascular function and per-
meability (Haraldsson et al., 2008; Satchell and Tooke, 2008).

Diabetes-mediated insults to the endothelium derive mainly 
from direct noxae such as raised blood glucose level, advanced 
glycation end-products, increased oxidative stress, and haemody-
namic perturbations due to local RAAS activation and secondary 
increase in glomerular capillary pressure (Gnudi et al., 2007). These 
perturbations also affect other glomerular cells, such as podocytes 

Fig. 149.2 Glomerulus with Kimmelstiel–Wilson lesion. Nodular mesangial 
sclerosis (pink hyaline material) with accentuated, lobular-appearing glomerulus. 
Although classically described in association with diabetes, the lesion is not 
pathognomonic for diabetic nephropathy and is also found in a number of 
glomerulopathies, including immunotactoid glomerulonephritis, amyloidosis, 
fibrillary glomerulonephritis, light or heavy chain deposition disease, 
cryoglobulinaemic glomerulonephritis, and idiopathic nodular glomerulosclerosis. 
Congo red staining and immunofluorescence may help in ruling out diagnosis.
Courtesy of Franco Marchetti, Ospedale Papa Giovanni XXIII, Bergamo, Italy.
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and mesangial cells, resulting in podocyte effacement, apoptosis, 
podocyte loss in the urine (Pagtalunan et al., 1997), and mesangi-
olysis, affecting not only the anatomical structure of the glomerular 
filtration barrier but also altering the autocrine/paracrine actions 
of secreted cytokines and vascular growth factors (e.g. TGF-β1, 
VEGF-A, and angiopoietins) by these cells, resulting in alteration 
of the ‘local glomerular cells network’ crucial in the maintenance of 
the normal function of the glomerular filtration barrier.

Specifically the retrograde flow of VEGF-A and possibly other 
podocyte-secreted cytokines such as angiopoietins (Woolf et al., 
2009)  appear to be very important in the physiology of the 

glomerular filtration barrier; the subpodocyte space, covering 
60–70% of the entire filtering surface of the capillary walls, has 
been implicated in the regulation of the movements of particles 
across the filtration barrier. The subpodocyte space comprises an 
area between the podocyte cell body and the GBM (Neal et  al., 
2005)  where the filtrate accumulates before gaining access to 
Bowman’s space via small areas directly connected to the urinary 
space. This structure is believed to confer a degree of resistance 
to filtration, that through changes in pressure of the subpodocyte 
space (likely modulated by a finely regulated contraction of the 
podocytes) favours the movement of proteins/cytokines against the 

Fig. 149.3 Moderate-severe diabetic nephropathy with superimposed membranous nephropathy. Light microscopy (lower panel) shows diffuse glomerulosclerosis, 
severe interstitial fibrosis, diffuse glomerular capillary wall thickening, and tubular degeneration and necrosis. Immunofluorescence (upper panel) shows fine parietal 
granular deposits of IgG and C3.
Courtesy of Franco Marchetti, Ospedale Papa Giovanni XXIII, Bergamo, Italy.
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net filtration flow allowing podocyte-secreted molecules to inter-
act with the endothelial/mesangial glomerular cellular network 
(Salmon et al., 2007, 2009a).

In this regard, in experimental animal models of diabetes, the 
podocyte appears, as the glomerular endothelial cells, to retain a 
key role in preserving glomerular capillary integrity, regulating 
synthesis of extracellular matrix protein in the GBM, and maintain-
ing restriction to protein filtration via the interdigitation of its foot 
processes (Faul et al., 2007). In various experimental animal models 
of diabetes, podocyte loss is followed by remaining podocytes try-
ing to cover a larger GBM surface area; this is followed by podocyte 

foot process widening, proteinuria, and subsequently glomerulo-
sclerosis (Fries et al., 1989; Nagata and Kriz, 1992; Gassler et al., 
2001; Hoshi et al., 2002). Specifically it has been observed that early 
glomerular changes in the ZDF-fa/fa rat and Goto Kakizaki rats, 
animal models for type 2 diabetes, are characterized by podocyte 
injury without clear evidence of mesangial expansion (Coimbra 
et al., 2000; Gassler et al., 2001; Hoshi et al., 2002).

In humans, it has been difficult to stage the morphological 
changes that occur during the early phases of diabetic glomerulop-
athy, but the loss of podocytes, which might expose an area of bare 
GBM, would represent a potential ‘trigger’ for glomerular injury 

Fig. 149.4 Severe diabetic nephropathy and superimposed hepatitis C virus-related glomerulonephritis. Light microscopy (lower panel) shows severe nodular 
and diffuse glomerulosclerosis, mild mesangial and endocapillary hypercellularity, moderate to severe interstitial fibrosis, diffuse tubular vacuolization, and severe 
atherosclerosis. Immunofluorescence (upper panel) shows prevalently parietal granular deposits of IgM and C3.
Courtesy of Franco Marchetti, Ospedale Papa Giovanni XXIII, Bergamo, Italy.
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(Kriz et al., 1994); this is likely to occur in parallel with mesangial 
expansion and glomerular extracellular matrix deposition which 
closely relate to albuminuria (Mauer et al., 1984). Along this line, 
a recent study highlighted the key role of podocyte detachment 
and loss of normal endothelial cell fenestration in 37 patients with 
type 2 diabetes undergoing renal biopsy. The percentage of podo-
cyte detachment correlated positively with urinary albumin excre-
tion and negatively with the number of podocytes per glomerulus, 
while the percentage of endothelial cell fenestrations associated 

negatively with GBM width, fractional interstitial, and mesangial 
area, and positively with filtration surface area density and GFR. 
Increasing podocyte detachment was associated with decreased 
permselectivity of the glomerulus and progressive albuminuria, 
while loss of endothelial cell fenestration was associated with GFR 
decline (Weil et al., 2012).

Alteration in VEGF-A glomerular expression has been demon-
strated to be crucial in the pathophysiology of diabetic glomeru-
lar disease. Development of proteinuria and glomerular damage 

Fig. 149.5 Severe diabetic nephropathy and superimposed cryoglobulinaemic glomerulonephritis. Light microscopy (lower panel) shows a severe case of nodular 
glomerulosclerosis, mesangial hypercellularity, glomerular capillary wall thickening, endocapillary proliferation with capillary lumen narrowing, and moderate interstitial 
fibrosis with focal tubular atrophy, and moderate-severe atherosclerosis. Immunofluorescence (upper panel) shows glomerular and tubular deposits of kappa and lambda 
light chains, IgM, IgG, and IgA.
Courtesy of Franco Marchetti, Ospedale Papa Giovanni XXIII, Bergamo, Italy.
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is associated with VEGF-A overexpression in the podocytes, and 
intervention aiming at inhibiting VEGF-A in animal experimental 
setting has demonstrated that administration of VEGF inhibitors, 
such as antibodies or chemicals, ameliorates diabetes-mediated 
proteinuria and glomerular damage (De Vriese et  al., 2001b; 
Flyvbjerg et al., 2002; Sung et al., 2006; Ku et al., 2008). The conten-
tion of paracrine/autocrine action of podocyte-secreted VEGF is 

supported by the presence of VEGF receptors in endothelial cells, 
mesangial cells (Cooper et al., 1999; Thomas et al., 2000; Sison et al., 
2010), and podocytes (Ku et al., 2008; Veron et al. 2010). Along 
similar lines the induction of primary podocyte-specific VEGF-A 
overexpression in adult mice results in glomerular filtration barrier 
structural and functional abnormalities similar to those present in 
murine diabetic glomerulopathy (Veron et al., 2010).

In experimental animal model of diabetes, the interaction of 
VEGF-A with NO plays an important role in the alteration of 
endothelial function (Nakagawa, 2007). In diabetes, glomerular dis-
ease, decrease in endothelial NO production secondary to endothe-
lial nitric oxide synthase (eNOS) uncoupling (Schulz et al., 2008), 
or downregulation of eNOS expression appear to play an important 
pathogenic role (Zhao et al., 2006; Wang et al., 2011). Paradoxically 
in type 2 diabetic patients, increased eNOS expression by the renal 
endothelium has been shown to relate to vascular lesions and the 
degree of proteinuria (Hohenstein et al., 2008). Importantly in dia-
betes, impaired eNOS activation and uncoupling results in a fall of 
NO availability (Nakagawa et al., 2007) and increased reactive oxy-
gen species production, key players in the pathogenesis of micro-
vascular complications (Santilli et al., 2004).

Importantly, ambient levels of VEGF-A affects the actions of 
angiopoietin (Angpt)-1 and -2 on the vasculature. Angiopoietins 
are vascular growth factors involved in angiogenesis and vasculo-
genesis (Hanahan, 1997). Two major isoforms have been described, 
Angpt-1 and Angpt-2, both ligands for the Tie-2 receptor, expressed 
primarily on endothelial cells and podocytes (Satchell et al., 2002; 
Woolf et al., 2009). In physiology, Angpt-1 is expressed in podocytes 
while Angpt-2 is only expressed during glomerular development 
mainly by immature mesangial cells (Woolf et al., 2009). Angpt-1, 
the major physiological ligand for Tie-2, promotes endothelial cell 
survival, stabilization of supporting perivascular cells, and inhibi-
tion of endothelial permeability (Satchell et al., 2004). Angpt-2 is 
considered to be a natural antagonist of Angpt-1 by virtue of its 
ability to competitively inhibit binding of Angpt-1 to Tie-2, hence 

Diffuse glomerulosclerosis
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lesions from class I-III?

Advanced diabetic
nephropathy
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II A

I

Presence of nodular
sclerosis in glomeruli?
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>25% glomerular area?
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Fig. 149.6 Flow chart for classifying diabetic nephropathy.
Modified from Tervaert, T. W., Mooyaart, A. L., Amann, K., et al. (2010). Pathologic classification of diabetic nephropathy. J Am Soc Nephrol, 21(4), 556–63.

Table 149.1 Glomerular classification of diabetic nephropathy

Class Description Inclusion criteria

I Mild or non-specific 
LM changes and 
EM-proven GBM 
thickening

Biopsy does not meet any of the criteria 
mentioned below for class II, III, or IV

GBM > 395 nm in female and > 430 nm in 
male individuals 9 years of age and older

IIa Mild mesangial 
expansion

Biopsy does not meet criteria for 
class III or IV

Mild mesangial expansion in > 25% of the 
observed mesangium

IIb Severe mesangial 
expansion

Biopsy does not meet criteria for 
class III or IV

Severe mesangial expansion in > 25% of the 
observed mesangium

III Nodular sclerosis 
(Kimmelstiel–Wilson 
lesion)

Biopsy does not meet criteria for class IV

At least one convincing Kimmelstiel–Wilson 
lesion

IV Advanced diabetic 
glomerulosclerosis

Global glomerular sclerosis in > 50% of 
glomeruli

Lesions from classes I through III

EM = electron microscopy; GBM = glomerular basement membrane; LM = light 
microscopy.

From Tervaert, T. W., Mooyaart, A. L., Amann, K., et al. (2010). Pathologic classification of 
diabetic nephropathy. J Am Soc Nephrol, 21(4), 556–63.
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reducing Tie-2 activation and signalling. The angiopoietin/Tie-2 
receptor system has been implicated in the pathogenesis of diabetic 
glomerulopathy (Yamamoto et al., 2004; Lim et al., 2005; Rizkalla 
et al., 2005; Ichinose et al., 2006) and in type 2 diabetic patients, cir-
culating and urinary Angpt-2 levels are elevated (Lim et al., 2005). 
These changes lead to glomerular neovascularization which has 
been shown to be associated with glomerular hypertrophy; inhi-
bition of diabetes-mediated angiogenesis results in reduced GBM 
thickening, mesangial expansion, and TGF-β1 expression in dia-
betic mice (Yamamoto et al., 2004; Ichinose et al., 2005, 2006).

VEGF-A has been partly implicated in the regulation of the gly-
cocalyx structure (Fu and Shen, 2003) and recent work has shown 
that Angpt-1 increases the depth of endothelial glycocalyx in 
intact microvessels and reduces glomerular capillary permeability 
(Salmon et al., 2009b). Angpt-1 and Angpt-2 levels are deregulated 
(often with Angpt-2 > Angpt-1) in conditions of altered glomerular 
permeability (albuminuria) such as diabetic glomerulopathy.

Transgenic mice with podocyte-specific inducible overexpres-
sion of Angpt-2 show a significant increase in albuminuria and glo-
merular endothelial apoptosis (Davis et al., 2007). Similarly, when 
Angpt-1 was ablated specifically from podocytes or mesangial 
cells, animals showed accelerated diabetes-mediated glomerular 
damage suggesting that glomerular Angpt-1 expression may con-
fer protection against microvascular glomerular injury (Jeansson 
et al., 2011). In addition, podocyte-specific Angpt-1 repletion in 
experimental animal model of diabetic kidney disease ameliorates 
albuminuria (Dessapt-Baradez et al., 2014).

Mechanisms of tubular disease and  
interstitial fibrosis
Similar players are involved in the mechanisms contributing to 
interstitial fibrosis and tubular atrophy. Similarly to the glomeru-
lus, metabolic insults (hyperglycaemia and advanced glycation 
end-products), hypoxia, inflammation, oxidative stress, and nitros-
ative stress have been involved in tubulointerstitial damage (Vallon, 
2011). It is now recognized that tubules play an important role in 
the pathogenesis of DN and evidence exist that renal function cor-
relates also with tubulointerstitial changes (Gilbert and Cooper 
et al., 1999).

Tubular proteinuria may precede microalbuminuria (Ginevri 
et  al., 1993), suggesting that tubular damage occurs early in the 
course of the disease. Indeed, urinary liver-type fatty acid-binding 
protein (L-FABP), a marker of tubulointerstitial damage, correlates 
closely with renal dysfunction in diabetic subjects (Nakamura et al., 
2005; Suzuki et al., 2005), even in the absence of microalbuminuria 
(Cabre et al., 2008).

Hyperglycaemia affects the tubular structures both from the 
base-lateral side and at the same time determines an increase in 
glucose filtration in the glomeruli that results in an increase in 
tubular glucose load and exposure. Further, the excess of renally 
filtered glucose in diabetes is paralleled by upregulation, in rodents 
and humans, of the low-affinity/high-capacity Na+-glucose 
co-transporter SGLT2 (mainly localized in the proximal tubuli) 
(Rahmoune et al., 2005; Tabatabai et al., 2009) known to represent 
the major player in glucose reabsorption in the nephron (Hummel 
et al., 2011). The upregulation of SGLT2 is paralleled by activation 
of the local angiotensin II system and growth factors (e.g. CTGF, 
TGF-β1) which in turn will favour early tubular cell proliferation, 
followed by tubular hypertrophy and senescence and increased 

deposition of extracellular matrix (Wolf and Ziyadeh, 1999; Vallon 
et al., 2011).

Studies in normoalbuminuric patients with type 1 diabetes mel-
litus found a significant correlation between glomerular hyperfil-
tration and fractional proximal reabsorption of sodium (Vervoort 
et al., 2005), and the risk of progression to microalbuminuria, along 
with a faster decline in GFR, is higher in patients with increased 
kidney volume (Zerbini et  al., 2006). This work suggests that 
tubular hypertrophy and glucose/Na+ hyper-reabsorption con-
tribute to glomerular hyperfiltration in the initial stages of DN. 
Hyperfiltration, in turn, participates with the glomerular capillary 
dysregulation to glomerular hypertension with associated increased 
filtration of proteins to tubular lumen, resulting in tubulointerstitial 
inflammation and fibrosis, a cycle culminating in ESRD (Remuzzi 
and Bertani, 1998).

Studies in Pima Indians show that, at early stages of diabetic renal 
disease, normal albumin excretion or microalbuminuria associate 
with elevation in GFR, while transition to macroalbuminuria her-
alds a progressive decline in glomerular filtration (Nelson et al., 
1996), that is sustained by enhanced glomerular protein ultrafiltra-
tion with glomerular and tubular overload, chronic inflammation, 
and further acceleration of glomerular and tubulointerstitial dam-
age, progressive glomerulosclerosis, and kidney failure (Remuzzi 
and Remuzzi, 1994, 1998; Lemley et al., 2000). Thus, in advanced 
stages of diabetic kidney disease, albumin and, even more, other 
plasma proteins, complement components, and growth factors 
ultrafiltrated in excess through the damaged glomerular barrier 
play a central role in the progression of diabetic renal disease. This 
may explain why interventions that reduce protein traffic and, con-
sequently, proteinuria are invariably renoprotective in this context 
(Remuzzi et al., 2006; Ruggenenti and Remuzzi, 2006; Ruggenenti 
et al., 2012f).

Clinical presentation
The evolution of DN proceeds through several distinct but inter-
connected phases, which ultimately lead to ESRD (Table 149.2).

The earliest clinical manifestation of diabetic renal injury is the 
excretion of small amounts of albumin in the urine, the so-called 
microalbuminuric range (Viberti et  al., 1982; Karalliedde and 
Viberti, 2004). Now we know that even smaller amounts of urinary 
albumin strongly predict the onset of microalbuminuria in individ-
uals with type 2 diabetes (Ruggenenti et al., 2004; Ruggenenti and 
Remuzzi, 2006), on the other hand, prospective studies conducted 
in patients with type 1 diabetes have shown that a fall in renal func-
tion might precede, in some instance, the onset of albuminuria 
(Caramori et al., 2003; Perkins et al., 2007; Premaratne et al., 2008).

Because of the natural history of type 2 diabetes where approxi-
mately 18% of patients present at diagnosis with albuminuria 
(Remuzzi et al., 2002b), most studies on early phases of diabetic 
kidney disease have been conducted in type 1 diabetic patients.

Early renal abnormalities: hyperfiltration
Seminal observations by Mogensen and co-workers underscored 
that early phases of diabetic renal disease are characterized by an 
elevation of renal plasma flow of approximately 30%, paralleled 
by an increase in GFR (Mogensen, 1971, 1986). Increased GFR 
is, at times, paralleled by microalbuminuria that is often reversed 
by better glycaemic control, even at a time when systemic arterial 
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pressures are unequivocally normal (Stephenson and Fuller, 1994). 
Previous studies and a recent meta-analysis have suggested that 
the glomerular hyperfiltration seen in patients with diabetes is a 
significant risk factor for progression to microalbuminuria and 
advanced diabetic kidney disease (Mogensen, 1986; Magee et al., 
2009) although these findings were not confirmed in other series 
(Nelson et al., 1996; Yip et al., 1996; Chaiken et al., 1998; Zerbini 
et al., 2006). The above inconsistencies were most likely explained 
by small sample size and heterogeneity of the above studies that 
enhanced random data fluctuations. The pathogenic role of glo-
merular hyperfiltration was recently confirmed by a cross-sectional 
and longitudinal analysis of 600 type 2 diabetes patients who had 
their GFR prospectively monitored by the iohexol plasma clearance 
technique. Data showed that, over a median follow-up period of 
4 years, hyperfiltration was an independent risk factor for acceler-
ated renal function loss and for onset and progression of DN, in 
particular in those patients with persistent hyperfiltration despite 
intensified metabolic and blood pressure control (Ruggenenti et al., 
2012c). As suggested by studies on filtration fractions (GFR/renal 
plasma flow), an indirect measure of glomerular capillary pressure, 
the increased risk seen in patients with glomerular hyperfiltration 
is most likely explained by a concomitant increase in glomerular 
pressure, which in turn contributes to progressive structural dam-
age. Thus even at ‘normal’ systemic arterial pressures, in the pres-
ence of hyperglycaemia, glomerular capillary pressure is elevated 
and may synergize with the metabolic perturbation in the disease 
process (Poulsen et al., 1994; Lurbe et al., 2002).

Hyperglycaemia-induced hyperfiltration may occur even in 
advanced stages of the disease without major changes in renal 
plasma flow, likely via changes in glomerular filtration barrier per-
meability, a mechanism that may contribute to the progression of 
DN even in patients with renal insufficiency (Remuzzi et al., 1990).

In addition, the progressive loss of functioning nephrons and the 
compensatory hyperfiltration of remnant nephrons also contribute 
to the progression of chronic kidney damage in diabetic renal dis-
ease, as also seen in all progressive nephropathies (Anderson and 
Brenner, 1986).

Ethnicity is an important factor, and diabetic patients with Asian 
and African origin often predisposed to raised blood pressure lev-
els, are at higher risk of kidney disease (Powers and Wallin, 1998; 
Crook and Patel, 2004). Phenotypically, these populations seem 
to be characterized by higher salt sensitivity, and a salt-rich diet 
triggers increased RAAS activity leading to increased glomerular 
capillary pressure (Weir, 1998). Higher salt sensitivity is also driven 

by insulin resistance in patients with type 1 and type 2 diabetes 
(Trevisan et al., 1998; Vedovato et al., 2004), and faster and pro-
gressive diabetic kidney damage has been associated with insulin 
resistance (Groop et al., 1993; Yip et al., 1993).

Progression of diabetic nephropathy
The phases of DN have been historically depicted as progression 
through different stages of albuminuria:  normo- to microalbu-
minuria, micro- to macroalbuminuria, and macroalbuminuria to 
renal failure.

Although the terms normoalbuminuria, microalbuminuria, and 
macroalbuminuria (clinical albuminuria) describe different catego-
ries of UAER it is important to remember that they are part of a 
continuum in the relationship between albumin excretion and car-
diorenal risk (Gerstein et al., 2001; De Zeeuw, 2004; Ruggenenti 
and Remuzzi, 2006; Ruggenenti et al., 2012d). Even in patients with 
type 2 diabetes and normoalbuminuria, any degree of measurable 
albuminuria bears significant cardiovascular risk; this association 
is lost when the risk is uniformly prevented at any level of albu-
minuria with RAAS inhibition therapy (Ruggenenti et al., 2012d). 
Further post hoc analyses of randomized trials in high-risk sub-
jects and community-based cohort studies showed that incremen-
tal increases in albuminuria within the ‘normal’ range carry an 
increased risk of nephropathy or cardiovascular events (Gerstein 
et al., 2001; Wachtell et al., 2003; Klausen et al., 2004).

Recently, efforts have been conducted to better define and classify 
CKD by the Kidney Disease Improving Global Outcomes (KDIGO) 
initiative (Levey et al., 2011; KDIGO, 2013). This initiative combines 
albuminuria and GFR, trying to maximize the expected patients’ 
outcome in terms of cardiovascular risk and renal outcome. The 
strong association existing between GFR and the thresholds of 
albuminuria will set a better risk prediction instrument in terms 
of cardiovascular-renal risk. Future research and clinical practice 
guideline will have to recommend specific, possibly more stringent 
guidelines specifically for diabetes.

In the new guideline, the Work Group has recommended the 
classification of albuminuria into only three categories:  normal 
to mildly increased (normoalbuminuria or high-normal albumi-
nuria), moderately increased (microalbuminuria), and severely 
increased (macroalbuminuria). Clearly, this will require a formal 
education programme and review of existing guidelines in other 
disciplines so that consistency of terminology and understanding 
of the changes are universal. For this reason, both nomenclatures 
will be used in the present chapter.

Table 149.2 Classification of stages of diabetic nephropathy, modified according to KDIGO 2012 clinical practice guideline 
for the evaluation and management of chronic kidney disease (KDIGO, 2013)

Persistent albuminuria 
categories

24-hour urine 
collection: albumin excretion 
rate (mcg/min mg/24 h)

Spot urine 
collection: albumin:creatinine 
ratio (mg/mmol mg/g)

Glomerular filtration 
rate

Blood pressure

Normal to mildly 
increased (A1)

<20

<30

<3

<30

Normal or high (G1) Increasing

Moderately increased 
(A2)

20–200

30–299

3–30

30–300

Normal or high (G1) Rising

Severely increased (A3) >200

≥300

>30

>300

Decreased (G2, G3a, 
G3b, G4, G5)

Elevated
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Moderately increased albuminuria 
(microalbuminuria)
In normal physiology, nearly the entire small amount of albumin 
filtered by the glomerulus is reabsorbed in the proximal tubules of 
the kidney. This reabsorptive process is at near maximal capacity 
so that moderate increases in filtered albumin result in elevated 
albumin excretion in the urine. The reabsorptive process is propor-
tional to the amount of albumin filtered through the glomerular 
filter, but when the amount of filtered albumin exceeds the maximal 
capacity of tubular albumin reabsorption, the proportion of albu-
min excreted in the urine increases. In patients with clinical albu-
minuria, albumin represents approximately 50% of total urinary 
protein. Most patients will exhibit microalbuminuria (UAER rang-
ing between 20 and 200 micrograms/min) well before the onset 
of overt clinical albuminuria (Table 149.2). It is accepted that the 
rise in UAER seen in patients with microalbuminuria reflects an 
increased transglomerular flux of albumin as a consequence of an 
increased transglomerular pressure gradient and likely alteration in 
the endothelial layer and loss in negative charge of the glomerular 
filtration barrier (Haraldsson et al., 2008). As the disease progresses, 
an increase in glomerular membrane pore size with disruption of 
the three layers (endothelial cells, GBM, and podocytes) of the glo-
merular filter, also contributes to albuminuria (Torffvit et al., 1999; 
Oberbauer et  al., 2001). This paradigm has recently been chal-
lenged with the suggestion that the glomerulus is physiologically 
significantly less restrictive to the filtration of plasma albumin and 
that it is tubular damage which largely accounts for the increased 
albumin in the urine (Russo et al., 2009), but this concept has been 
heavily disputed (Haraldsson et al., 2008; Tanner, 2009).

Without intervention, microalbuminuria progresses towards 
clinical albuminuria over approximately 10–15  years of disease 
(Karalliedde and Viberti, 2004). In healthy adults, the normal 
UAER ranges between 1.5 and 20 micrograms/min with median 
value around 6.5 micrograms/min (Karalliedde and Viberti, 2004). 
The average day-to-day variation of UAER is about 40% and simi-
lar in diabetic and non-diabetic individuals. In view of this high 
biological variability the diagnosis of microalbuminuria should 
ideally be made from the calculation of the median value of at 
least three timed, non-consecutive urine collections over a short 
time period. In the day-to-day clinic setting, the calculation of the 
albumin-to-creatinine ratio (ACR) in an early morning urine sam-
ple has replaced the measurement of albumin on timed urine col-
lection and has proven to be of acceptable accuracy (Karalliedde 
and Viberti, 2004). ACR correlates closely with UAER, and recently 
has been proposed as an important marker for prediction of renal 
events in diabetic patients (Lambers Heerspink et al., 2010).

The exact significance of microalbuminuria in patients with 
short-term duration of diabetes is unclear, and the observed 
changes in microalbuminuria are not always associated with a 
commensurate alteration/decline in renal function, especially in 
the early phase of renal disease in diabetes (Jerums et  al., 2008; 
Karalliedde and Viberti, 2010).

Approximately 2% of patients with type 1 diabetes with normal 
UAER develop albuminuria per year (Chaturvedi et al., 2001), and 
rate of transition from normoalbuminuria to microalbuminuria 
is around 4% per annum in patients with type 2 diabetes (Nelson 
et al., 1995; Gall et al., 1997; Forsblom et al., 1998). Factors favour-
ing its progression include baseline UAER, poor glycaemic control, 

blood pressure, especially an increase of systolic blood pressure 
during sleep, presence of retinopathy, smoking, and dyslipidae-
mia (Nelson et al., 1993, 1997; Gall et al., 1997; Ravid et al., 1998; 
Hovind et al., 2004).

Morphological studies have clearly shown that structural abnor-
malities and lesions such as increased mesangial fractional volume 
and decreased filtration surface area are more pronounced and 
advanced in patients with microalbuminuria. Once microalbumi-
nuria is established the UAER tends to rise over time. However, 
recent studies in patient with type 1 diabetes suggest that in 
approximately 30% of patients UAER reverts back towards the 
normal range (< 30 micrograms/min), in 50% it remains in the 
microalbuminuric range, and in around 20% microalbuminuria 
progresses towards overt albuminuria over 5–10  years (Almdal 
et al., 1994; Microalbuminuria Collaborative Study Group, United 
Kingdom, 1995; The DCCT Research Group, 1995; Hovind et al., 
2004). This change in the natural history of microalbuminuria 
most likely reflects changes and advances in medical care with 
ever more stringent glycaemic, lipid, and blood pressure con-
trol as well as the widespread use in recent years of agents such 
as angiotensin-converting enzyme inhibitors (ACEIs) and angio-
tensin II receptor blockers (ARBs) (Maione et al., 2011). Even in 
patients with persistent normoalbuminuria, transient increases in 
UAER may be detected during periods of poor glycaemic control 
and intercurrent illnesses. Other conditions recognized as potential 
causes of a transient increase in urine protein are exercise, standing 
position, increased diuresis, and protein-rich meals.

The presence of microalbuminuria and the rate of its progres-
sion to macroalbuminuria is consistently associated with higher 
blood pressure independent of age, duration of diabetes, gender, 
or body mass index and this increase in pressure values of about 
10–15% above that of normoalbuminuric patients occurs initially 
within the so-called ‘normal’ blood pressure range. Higher blood 
pressure values may indeed precede and predict the development of 
microalbuminuria suggesting that elevations in blood pressure and 
UAER initially through the normal range of values may represent 
concomitant manifestations of a common process leading to renal 
injury (The DCCT Research Group, 1995).

Severely increased albuminuria 
(macroalbuminuria—overt nephropathy)
In those patients who develop clinical albuminuria (UAER > 
300 mg/day), GFR gradually declines in a linear fashion at vari-
able rates (average 4.5 mL/min/year) depending on control of 
promoters of progression (metabolic, haemodynamic control), 
degree of albuminuria, and individual response to treatment 
(Hovind et al., 2004; Ruggenenti et al., 2008a). Blood pressure 
is probably the most important variable in the rate of progres-
sion from microalbuminuria to proteinuria (Microalbuminuria 
Collaborative Study Group, United Kingdom, 1995); patients 
will progress through phases of intermittent proteinuria and will 
then reach a more sustained proteinuria in the nephrotic range 
(Hasslacher et al., 1985, 1993).

In patients with macroalbuminuria, protein trafficking plays an 
additional pathogenetic role in the progression of renal disease and 
this may explain the acceleration in renal function loss that accom-
panies transition from micro- to macroalbuminuria (Ruggenenti 
et al., 2012f). There is a biologic gradient between the degrees of 
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clinical albuminuria and the progression towards ESRD. Patients 
with type 2 diabetes with albuminuria ≥ 3000 mg/g retain an eight-
fold higher risk for progression to ESRD when compared with 
patients with lower albuminuria (< 1500 mg/g) (de Zeeuw et al., 
2004); quantitatively every 50% reduction in albuminuria translates 
in a risk reduction for ESRD of around 40% (de Zeeuw et al., 2004). 
Lower levels of albuminuria, in the microalbuminuria and nor-
moalbuminuria range, do not appear to predict renal disease pro-
gression and evidence is still inconclusive or not available (Perkins 
et al., 2007).

Although variations in fall in GFR exist between patients, the 
overall rate of fall remains relatively constant for each individual 
patient but with the recent more intensive treatment of hyperten-
sion, the time from the onset of clinical albuminuria to death has 
virtually trebled from 7 to 21 years (Astrup et al., 2005) despite a 
considerable number of patients (45%) still reaching ESRD or dying 
before reaching ESRD (10%) (Forsblom et al., 2011; Rosolowsky 
et al., 2011).

Extrarenal complications and their relationship 
with renal involvement
Cardiovascular disease and the cardiorenal syndrome
Albuminuria independently associates with increased car-
diovascular mortality and morbidity in patients with diabetes 
(Borch-Johnsen et al., 1987; Deckert et al., 1992; Ruggenenti et al., 
2012d), hypertension (Bianchi et al., 1999; Ibsen et al., 2005), and 
in the general population (Vestbo et al., 1995; Gerstein et al., 2001; 
Hillege et al., 2002; Arnlov et al., 2005) and therefore reflects not 
only a sign of renal impairment and a key pathogenic element of 
renal disease progression but also a marker of more generalized 
vascular damage.

Many studies have linked albuminuria with cardiovascular dis-
ease. In particular, in the Microalbuminuria, Cardiovascular and 
Renal Outcomes of the Heart Outcomes Prevention Evaluation 
(MICRO-HOPE) study, patients with microalbuminuria at 
baseline had an increased risk of cardiovascular disease com-
pared with normoalbuminuric ones, irrespective of their dia-
betic status (Gerstein et al., 2001), and a linear relationship was 
observed between albumin excretion and cardiovascular disease 
risk even within the normal range (Ruggenenti and Remuzzi, 
2006). Patients with type 1 diabetes and albuminuria have about 
10 times higher relative mortality from cardiovascular disease 
when compared to similar patients with normoalbuminuria 
(Borch-Johnsen and Kreiner, 1987; Tuomilehto et  al., 1998), 
who in turn have approximately two times higher similar risk 
for cardiovascular death than the general non-diabetic popula-
tion (Rossing et al., 1996b). Patients with type 2 diabetes with 
microalbuminuria or macroalbuminuria retain respectively a 1.7 
and 2.6 times higher risk for cardiovascular mortality when com-
pared with normoalbuminuric patients (Gerstein et  al., 2001; 
Ibsen et al., 2006).

The exact significance and mechanism of the relationship between 
albuminuria and cardiovascular disease are not yet understood. 
However, once developed, microalbuminuria not only denotes renal 
capillary damage but also represents an early biological marker 
of vascular injury (Deckert et al., 1989). Endothelial dysfunction 
(Karalliedde and Gnudi, 2011) has been implicated as a potential 
major mechanism for vascular disease and microalbuminuria has 

been linked to markers of endothelial dysfunction in patients with 
and without diabetes (Stehouwer and Smulders, 2006). Findings 
that, in patients with diabetes and mild renal insufficiency, micro-
albuminuria has been associated with abnormal vascular remod-
elling, independent of blood pressure (Hermans et al., 2008), and 
higher levels of inflammatory molecules such as C-reactive protein 
and fibrinogen (Parving et al., 2001), can be taken to suggest the 
possibility of a link between markers of vascular disease and micro-
albuminuria (Persson et al., 2006, 2008; Menne et al., 2010).

UAER is related in an exponential fashion with cardiovascular 
risk with no evidence for a threshold in both the general healthy 
population and patients with diabetes (Gerstein et  al., 2001; 
Karalliedde and Viberti, 2004; Ruggenenti et  al., 2012d), and 
increasing levels of urinary albumin associated with incremental 
risk of cardiovascular events even in the normoalbuminuric range 
(Ruggenenti et  al., 2012d). In subjects with type 2 diabetes and 
overt nephropathy, macroalbuminuria show a greater incidence of 
stroke and CHD, worse left ventricular systolic function, impaired 
diastolic left ventricular filling, and a lower survival rate than sub-
jects with lower UAER (Miettinen et al., 1996; Liu et al., 2003). On 
the other hand, treatment with ACEIs or ARBs is associated with a 
reduction in proteinuria and lower cardiovascular risk in patients 
with type 1 or type 2 diabetes and micro- or macroalbuminuria 
(Hovind et al., 2001; de Zeeuw et al., 2004; Ruggenenti et al., 2011a) 
and in non-diabetic individuals with micro- or even normoalbumi-
nuria (Schmieder et al., 2011).

Retinopathy
Diabetic retinopathy is an important manifestation of chronic 
microvascular disease in diabetes and is currently managed when 
the retinal lesions are found in advanced stages with topical treat-
ments such as laser photocoagulation. Diabetic retinopathy is the 
major cause of blindness in the Western world and results from the 
Diabetes Control Complications Trial (DCCT), United Kingdom 
Prospective Diabetes Study (UKPDS), and STENO study have 
demonstrated that metabolic and blood pressure control play an 
important role in its progression (Writing Team for the DCCT, 
2002; Gaede et al., 2008; Kohner, 2008). In diabetes, CKD is a risk 
factor for prevalent retinopathy and clinical proteinuria is a rec-
ognized risk factor for incident retinopathy (Agarwal et al., 2012), 
which suggests a similar pathogenic mechanism of renal and eye 
disease in diabetes. Indeed growth factors such as VEGF-A, impli-
cated in the pathophysiology of retinopathy, have been found to be 
regulated by angiotensin II (Zhang et al., 2004), and it has been pos-
tulated that the RAAS could play a key role in the diabetic retina, 
and that retinal protection may be afforded by therapeutic blockade 
of the RAAS.

The EUCLID (EUCLID Study Group, 1997)  and BENEDICT 
(Ruggenenti et al., 2004) trials showed that ACEI therapy may have 
a beneficial effect on onset and progression of retinopathy in type 1 
and type 2 diabetic patients, respectively. The DIRECT study sub-
sequently showed that ARB therapy may also be beneficial in this 
population (Chaturvedi et al., 2008; Sjolie et al., 2008).

Similarly, in the RASS study, the blocking of the RAAS in type 1 
diabetic subjects demonstrated a reduction in the development and 
progression of diabetic retinopathy with inhibition of RAAS with 
both the ACEI enalapril and the angiotensin II receptor antagonist 
losartan (Mauer et al., 2009). In hypertensive, normoalbuminuric 
type 2 diabetes patients included in the BENEDICT trial, the ACEI 
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trandolapril achieved regression of retinopathy in a substantial pro-
portion of those with established retinal involvement at inclusion, a 
finding that combined to the protective effect of treatment against 
new onset of microalbuminuria, appeared to reflect a generalized 
beneficial effect of RAAS inhibition on the diabetic microvascu-
lature (Ruggenenti et al., 2010a). This finding is in apparent con-
trast with data from the EUCLID, DIRECT, and RASS trials, that 
failed to show a similar association between retinal benefits and 
renoprotection. However, the above trials included patients with 
normal blood pressure at very low risk of transition from normo- 
to microalbuminuria over the observation period. Thus, they were 
likely underpowered to demonstrate any renoprotective effect in 
this context (Bilous et al., 2009).

Correction of dyslipidaemia by statins, especially if combined 
with fenofibrate, has also been shown to ameliorate retinopathy; 
further topic treatment with anti-VEGF-A agents has become a 
novel treatment option in advanced retinopathy (Abbate et  al., 
2011), but caution is recommended for potential risk of systemic 
and renal adverse events (Pelle et al., 2011).

In conclusion, patients with diabetes, CKD, and proteinu-
ria should undergo regular retinal examinations in order to 
protect sight.

Neuropathy
Patients with diabetes and CKD stages 4 and 5 often present with 
neurologic complications such as peripheral neuropathy and car-
diovascular autonomic neuropathy (Zander et al., 1989; Fernando 
et  al., 1991). In these patients, renal involvement is often severe 
because of the long duration of diabetes and, even most important, 
the synergistic effect on peripheral nerves of uraemic toxins in 
addition to those of hyperglycaemia.

Diabetic peripheral neuropathy is a common chronic com-
plication and is associated with high morbidity, high risk of 
lower-extremity amputation, and poor quality of life (Tesfaye et al., 
2010). Similarly, cardiovascular autonomic neuropathy is associ-
ated with life-threatening consequences, such as silent myocardial 
ischaemia and increased mortality (Navarro et al., 1991; Rathmann 
et al., 1993), a phenomenon much aggravated by progressive later 
stages of CKD (Pop-Busui et al., 2010) and representing the sin-
gle greatest cause of mortality in patients with ESRD on dialysis 
(Ranpuria et al., 2008).

Uraemic neuropathy presents as a distal symmetrical polyneu-
ropathy with greater lower-limb than upper-limb involvement—the 
longer the nerve, the more severe is the disease—and manifests 
with severe burning and shooting sensations with altered pain and 
temperature perception, paraesthesia, impaired or absent deep 
reflexes, impaired vibration sense, often paralleled by muscle wast-
ing, and weakness (Krishnan and Kiernan, 2007). Motor nerve dys-
function is not often seen, and in some cases neuropathy can be 
paralleled by ulceration or neuroarthropathy (Charcot joints) of the 
foot, complications more prevalent in patients with diabetes and 
ESRD (Foster et al., 1995).

Cardiac autonomic neuropathy is often characterized by abnor-
mal heart rate variability, tachycardia at rest, exercise intolerance, 
and orthostatic hypotension, which often manifest with exer-
cise intolerance mainly secondary to blunted exercise-mediated 
increases in cardiac output (Giordano et al., 2001; Colberg et al., 
2003). Orthostatic hypotension (The Consensus Committee of 
the American Autonomic Society and the American Academy of 

Neurology, 1996)  is seen in diabetic patients mainly because of 
efferent sympathetic vasomotor denervation, which, by determin-
ing a reduced vasoconstriction of the splanchnic and other periph-
eral vascular beds, results in light-headedness, weakness, dizziness, 
and, in the extreme cases, syncope on standing.

Cardiac autonomic neuropathy also has important prognostic 
implications mainly for silent myocardial ischaemia. Patients lack 
or present with decreased symptoms for ischaemic pain, which 
results in delayed or missed recognition of myocardial ischaemia/
infarction and appropriate therapy (Vinik and Ziegler, 2007). These 
patients often show abnormal myocardial perfusion and blood 
flow regulation (Di Carli et al., 1999) which often can precipitate in 
malignant arrhythmogenesis and cardiac death (Lown and Verrier, 
1976; Willich et al., 1993).

The mechanisms inducing neurotoxicity (peripheral neuropa-
thy and cardiac autonomic neuropathy) in patients with diabetes 
and CKD is multifactorial and still not fully dissected. The com-
plex interactions between diabetes-related metabolic and haemo-
dynamic perturbation have been implicated together with disease 
duration and age (Stella et al., 2000; Witte et al., 2005), and, specifi-
cally in patients with CKD, metabolic perturbations are paralleled 
by the superimposed uraemic state with its constellation of unique 
metabolic/physiologic alterations which contribute to an acceler-
ated onset and progression of nerve damage. Both parathyroid 
hormone and β2-microglobulin (increased in patients with ESRD) 
have been implicated in the development of uraemic neuropathy 
(Massry, 1987; Vanholder et al., 1994), and chronic hyperkalaemia, 
as seen in these patients, has also been proposed as an important 
player in the pathogenesis of neuropathy, promoting nerve depo-
larization (Krishnan et al., 2005).

Until recently, the only effective proven therapeutic approach 
for nervous system dysfunction is prevention with strict glycaemic 
control as shown by the DCCT (The DCCT Research Group, 1993, 
1998) and the EURODIAB (Tesfaye et al., 1996)  in patients with 
type 1 diabetes, although these results do not seem to be translata-
ble to type 2 diabetes (Callaghan et al., 2012). Of interest, in a recent 
study in hypertensive patients with type 2 diabetes, the ACEI del-
april alone or combined with the third-generation calcium channel 
blocker (CCB) manidipine associated with a reduced incidence of 
new-onset neuropathy in those without neural involvement or an 
accelerated regression in those with established disease at inclusion 
(Ruggenenti et al., 2011b). The finding that improved outcome was 
associated with amelioration of the glucose disposal rate compared 
to placebo was taken to suggest that treatment effect could be at 
least in part explained by improved insulin resistance. The possibil-
ity of an improved microcirculation and neural perfusion associ-
ated with RAAS inhibition is also a plausible explanation. Whether 
this clinical benefit in early stages of the disease may translate into 
effective prevention of hard endpoints, such as the need for ampu-
tation and fatal and non-fatal cardiac arrhythmias in patients with 
more severe peripheral neuropathy, merits further scrutiny.

It is unclear whether metabolic and haemodynamic treatment for 
neuropathy is still a good strategy in patients with advanced CKD 
or on dialysis who, because of all co-morbidities, remain a group at 
elevated morbidity and mortality.

Anaemia
Chronic anaemia is commonly found in patients with diabetes 
and CKD (Thomas et  al., 2004a, 2004b); patients with diabetes 
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appear to be more prone to develop anaemia (two- to threefold) 
than patients with different CKD aetiology and, at comparable lev-
els of residual renal function, anaemia is invariably more severe in 
patients with diabetes than in those without (Astor et al., 2002). 
Anaemia is found earlier in patients with diabetes than in those 
with CKD from other causes (Thomas et al., 2003) and it may occur 
in the absence of significant renal impairment (Craig et al., 2005; 
Al-Khoury et al., 2006). Microalbuminuria and increasing levels 
of albuminuria are associated with progressively higher prevalence 
of anaemia which seems not to be related to impairment in renal 
function (Adetunji et al., 2009).

The relationship between diabetes and anaemia has been related 
to advancing kidney damage involving the tubulointerstitial com-
partment and deficiency of and/or resistance to erythropoietin 
(Macdougall and Cooper, 2002; Thomas et  al., 2003; Al-Khoury 
et al., 2006). The failure to increase circulating erythropoietin lev-
els in response to falling haemoglobin levels is the dominant factor 
in the genesis of anaemia associated with DN as it is with CKD 
(Inomata et  al., 1997; Winkler et  al., 1999), a phenomenon that 
appears of greater magnitude in diabetes rather than that seen in 
other renal diseases affecting predominantly the glomeruli (Astor 
et  al., 2002). Inflammation, reduced red cell survival, and auto-
nomic neuropathy have also been implicated with links to anaemia 
in diabetes (Thomas et al., 2005).

Chronic anaemia identifies patients with diabetes at increased 
risk for adverse outcomes such as higher cardiovascular morbid-
ity and mortality, and hospitalization, independent of the pres-
ence or severity of nephropathy (Keane and Lyle, 2003; Rossing 
et al., 2004).

The Anaemia Correction in Diabetes (ACORD) (Ritz et  al., 
2007) trial in patients with diabetes and CKD, which targeted hae-
moglobin levels of 13–15 mg/dL, found no favourable or adverse 
effects on cardiovascular mortality or morbidity over a 2-year 
follow-up. Even more importantly, the Trial to Reduce cardiovas-
cular Events with Aranesp Therapy (TREAT), aimed to achieve 
near-normal haemoglobin levels in patients with type 2 diabetes 
and CKD, failed to show any benefit on either of the two primary 
composite outcomes—composite outcomes of death or a cardiovas-
cular event, and of death or ESRD—with darbepoetin compared to 
placebo. Moreover, darbepoetin treatment nearly doubled the risk 
of stroke compared to placebo (Marsden, 2009; Pfeffer et al., 2009). 
Even if anaemia is causally involved, the pathogenesis of cardio-
vascular disease in patients with diabetes and CKD is so complex 
that addressing just one factor (anaemia) may not suffice to prevent 
cardiovascular risk, and fully normalizing haemoglobin levels may 
even be harmful (Abaterusso et al., 2008).

Bone disease
In CKD, patients with diabetes appear to be more prone to 
bone-related abnormalities than non-diabetic ones; patients with 
type 1 diabetes present with more significant decreases in bone 
mineral content when compared with age- and sex-matched 
non-diabetic subjects. Data in type 2 diabetes are less consistent.

The reduction in bone mineral content seen in patients with 
type 1 diabetes is often associated with longer disease duration, is 
more pronounced in patients with pre-pubertal or pubertal onset, 
and with poor glycaemic control. These alterations of bone metab-
olism have been described as adynamic bone disease (McNair, 
1988), a condition characterized by significant reduction in bone 

turnover, associated with lower parathyroid hormone levels (a 
so-called state of functional hypoparathyroidism) leading to osteo-
penia, increased fracture risk, and cardiovascular calcification, 
secondary to the inability of calcium and phosphorus in forming 
bone tissue, becoming thus available for deposition in ectopic sites 
such as vessels, worsening coronary and peripheral artery disease 
(Braun et al., 1996; London et al., 2003, 2004) and increased mor-
tality (Avram et al., 2001; Guh et al., 2002). Importantly low intact 
parathyroid hormone (iPTH) levels have been prospectively related 
to increased mortality in uraemic patients, independently of dia-
betic status or duration of diabetes (Avram et  al., 2001; Stevens 
et al., 2004). The clear pathophysiology of this condition in patients 
with diabetes and CKD is still unclear, but, especially in diabetics, 
it may present earlier than non-diabetic patients, before advance 
CKD stages.

Among patients on haemodialysis, those with diabetes show 
lower iPTH levels compared to non-diabetics (Inaba et al., 2001, 
2002), and, within diabetics, an inverse correlation between iPTH 
serum levels and glycaemic control has been described. Specifically, 
diabetic patients with HbA1c levels ranging from 7% to 8% have 
low circulating iPTH levels, while higher levels are conversely 
found in diabetic patients with HbA1c levels of 5–6% (Murakami 
et al., 2008).

In this context, impaired iPTH secretion appears to be the main 
determinant responsible for decrease bone turnover, as simi-
lar degree of iPTH biological action on bone in the diabetic and 
non-diabetic population has been described (Inaba et al., 2002). 
Studies have suggested that poor metabolic control per se, via 
increases in advanced glycation end-products, could inhibit low 
calcium-mediated iPTH secretion (Yamamoto and Ozono, 2001). 
Of interest, leptin, a marker of adipose mass found to be raised in 
diabetic obese patients (Fruhbeck et al., 1998), is linked to bone 
mass, and has been proposed to reduce bone turnover in dialy-
sis patients (Zoccali et al., 2004). Indeed leptin induces vascular 
calcifications in vitro and has been associated with cardiovascular 
events in overweight and obese dialysis patients (Mallamaci et al., 
2005). Pro-inflammatory cytokines, increased in insulin-resistant 
conditions such as diabetes and in uraemic conditions, have been 
proposed as potential players in the pathogenesis of both vascu-
lar (Stenvinkel et al., 2002) and bone disease (Gal-Moscovici et al., 
2002; Moffett et al., 2004).

Bone and cardiovascular disease is clearly linked and should not 
be forgotten in all renal patients approaching or on haemodialysis, 
especially in patients with diabetes.

Risk factors for disease onset 
and progression
Inborn risk factors
Evidence of familial clustering strongly suggests that genetic fac-
tors are important in determining susceptibility for DN (Seaquist 
et al., 1989; Borch-Johnsen et al., 1992). In cross-sectional studies, 
diabetic siblings of probands with type 1 diabetes and DN have a 
prevalence of DN of between 33% and 83%, as compared to a prev-
alence of 10– 19% in siblings of probands without DN (Seaquist 
et al., 1989; Borch-Johnsen et al., 1992; Quinn et al., 1996). Thus 
a 4.5–8-fold risk of developing DN has been quoted for diabetic 
siblings of probands with DN. The reported cumulative incidence 
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of DN in siblings with type 1 diabetes of a proband with type 1 
diabetes and DN is 71.5%, as compared with 25.4 % in siblings of 
a proband unaffected by DN (Quinn et al. 1996). It is thought that 
DN is a complex trait in which a genetic predisposition may inter-
act with environmental determinants but the nature of the genetic 
susceptibility remains unknown. Several genes have been proposed 
as biologically plausible candidates for the ‘nephropathy gene’ based 
upon the known pathophysiology of DN but to date no ‘clear-cut’ 
genetic signature has been identified (Freedman et al., 2007).

There is significant evidence of the importance of systemic blood 
pressure elevation in DN and of an excess of hypertension and 
cardiovascular disease in relatives of diabetic patients with DN 
compared with those without (Krolewski et al., 1988; Earle et al., 
1992). The suggestion that DN may form part of a wider propensity 
to cardiovascular disease (Barzilay et al., 1992) has made investi-
gators focus their attention on genes involved in blood pressure 
control and cardiovascular disease, in particular those involved in 
the RAAS.

Analyses of the role of polymorphisms within the ACE gene 
(Wang et al., 2012), and other genes implicated in the pathophysi-
ology of DN have been inconclusive. Recent work in type 2 diabetic 
patients has identified regions on chromosomes 2, 3, 7, 13, 16, and 
22 suggestive for linkage with DN (Freedman et al., 2008; Igo et al., 
2011). This work will potentially lead to the identification of mul-
tiple genes involved in susceptibility for nephropathy in subjects 
with diabetes. Many of these observations however remain uncon-
firmed or still controversial (Freedman et al., 2007). The emerging 
picture seems to suggest a complex interaction between the effects 
of several genes and multiple environmental factors.

Treatable risk factors
Hyperglycaemia

Type 1 diabetes
Poor glycaemic control has been recognized as one of the major 
determinants of progressive kidney disease in diabetes. Prospective 
randomized controlled trials such as the DCCT in patients with 
type 1 diabetes demonstrated that improved glycaemic control 
resulted in a 39% and 54% reduction in microalbuminuria and 
macroalbuminuria respectively (The DCCT Research Group, 
1993). The relationship between glycaemia and the risk of micro-
albuminuria did not show evidence for a threshold below which 
improved glycaemic control could not further reduce the risk of 
kidney disease (Genuth, 2012).

At the conclusion of the DCCT, participants were informed 
about the results, and were encouraged to follow the intensive 
treatment. These patients were followed in the Epidemiology of 
Diabetes Interventions and Complications (EDIC) study for a 
further 7 years (median follow-up period of 22 years in the com-
bined studies); results showed that the previous intensive treat-
ment of diabetes with near-normal glycaemia during the DCCT 
had an extended benefit on the progression of nephropathy and 
that early sustained intensive glycaemic treatment in patients with 
type 1 diabetes provides long-term beneficial effects on the risk of 
nephropathy (Writing Team for the DCCT, 2003; de Boer et al., 
2011a, 2011b). Importantly in this study (de Boer et  al., 2011a, 
2011b) the effect of intensive glycaemic control on the risk of renal 
disease progression was almost completely abrogated after statisti-
cal adjustment for albuminuria, making albuminuria fit one of the 

primary criterion for a surrogate endpoint of renal disease in dia-
betes (Perkins, 2012).
Type 2 diabetes
In newly diagnosed patients with type 2 diabetes, the UKPDS dem-
onstrated that intensive glycaemic control reduced the risk for the 
development of albuminuria or clinical albuminuria by about 33%, 
and also significantly reduced the proportion of patients doubling 
their plasma creatinine over 12 years (The DCCT Research Group, 
1995). Similarly to the EDIC study, a continued reduction in micro-
vascular risk was observed during 10 years of UKPDS post-trial 
follow-up (Holman et al., 2008a).

The ACCORD (Gerstein et al., 2008), ADVANCE (Patel et al., 
2008), and the VADT (Duckworth et al., 2009) trials, were three 
clinical trials enrolling respectively 10,251, 11,140, and 1791 type 2 
diabetics with approximately 10 years’ duration of disease, poor gly-
caemic control (HbA1c ~ 9%), and high vascular risk, which evalu-
ated whether an intensive glycaemic control (HBA1c < 6–6.5%) 
had any significant effects on micro- and macrovascular disease 
outcomes after a follow-up variable between 3.4 and 6 years (Dluhy 
et al., 2008; Agrawal et al., 2011). Only the ADVANCE trial found 
a positive effect of intensified metabolic control on nephropathy 
(Poulter, 2009). Overall, data failed to demonstrate any appreciable 
benefit of intensified treatment on both micro- and macrovascular 
complications.

The above findings, combined with evidence of an excess risk of 
hypoglycaemia episodes in patients on intensified therapy, chal-
lenge the need of reducing HBA1c below the currently recom-
mended targets of 7% in most diabetic patients. Physicians might 
reasonably suggest more stringent HBA1c goals, such as 6.5%, for 
selected individual patients, if this can be achieved without signifi-
cant hypoglycaemia or other adverse effects of treatment (American 
Diabetes Association, 2012b).

Hypertension
High blood pressure is considered a real treatment target for 
patient with diabetes as it not only translates into a significant 
insult to the diabetic glomeruli but might also worsen and 
amplify the metabolic insults to the glomerulus (Gnudi et  al., 
2007). Moreover, hyperglycaemia-induced pre-glomerular vaso-
dilation may favour the transmission of systemic hypertension 
to the glomerular microvasculature with glomerular hyperten-
sion and consequent damage. This may explain the major role 
of raised arterial blood pressure in the development and pro-
gression of diabetic kidney disease. High blood pressure levels 
predict, in patients with type 1 diabetes, the development of 
microalbuminuria, and paternal hypertension predicts the risk 
of DN in the offspring (Fagerudd et al., 1998). Similarly, in Pima 
Indians with type 2 diabetes, elevated blood pressure before the 
occurrence of diabetes predicts albuminuria after the onset of 
the disease (Nelson et al., 1993). In prospective studies, patients 
with diabetes who progress to albuminuria have higher arterial 
pressure at baseline (Haneda et al., 1992; The Microalbuminuria 
Collaborative Study Group, United Kingdom, 1999), and in 
intervention studies blood pressure lowering slows kidney dis-
ease progression and reduces albuminuria in both type 1 and 
type 2 diabetes (Lewis et al., 1999; Pohl et al., 2005).

In the UKPDS, the effect of tighter blood pressure control 
in patients with type 2 diabetes and hypertension reduced the 
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occurrence of microalbuminuria, but, in contrast to glycaemic 
control, no legacy effect has been observed for blood pressure, and 
therefore good blood pressure control must be continued if the 
benefits are to be maintained (Holman et al., 2008b).

Importantly the benefit of intensive treatment with tighter met-
abolic and haemodynamic targets has been demonstrated in the 
STENO-2 study. In this study, patients with type 2 diabetes were 
followed for a median of 7.8 years: the decline in HbA1c, systolic 
and diastolic blood pressures, and lipid levels were uniformly 
larger in the intensive-therapy than in the conventional-therapy 
group (Gaede et al., 2003). Intensive therapy significantly low-
ered the risk of micro- and macrovascular complications by 
nearly 50%. Antihypertensive therapy and improved glycaemic 
control were independent predictors for reduction of UAER 
which was paralleled by preservation of kidney function (Gaede 
et al., 2004).

In the above study, however, < 20% of patients in the inten-
sive arm achieved the pre-established HbA1c targets (HbA1c 
< 6.5%), whereas 60–70% of patients achieved the blood pressure 
and lipid targets. The finding that benefits on cardiovascular dis-
ease outcomes remained significant in both the short- (7.8 years) 
and the subsequent long-term follow up assessment at 13 years, 
even when mean HbA1c levels assessed at the later time point 
had merged and were similar at around 8% for both treatment 
arms, can be taken to suggest that blood pressure and lipid con-
trol might impact more than intensified metabolic control on 
chronic complications of diabetes, a hypothesis that is consistent 
with the negative findings of ACCORD, ADVANCE, and VADT 
(Gaede et al., 2003, 2008).

Smoking
Smoking is a risk factor for anticipated onset of microalbuminu-
ria in patients with diabetes (Sawicki et al., 1994; Cignarelli et al., 
2008). In type 2 diabetes, smoking correlates with degree of renal 
impairment, and the progression of diabetic kidney disease is up to 
twofold faster in smokers than in non-smokers (Biesenbach et al., 
1997; Cignarelli et al., 2008). Smoking cessation is in turn associ-
ated with reduction of microalbuminuria in both type 1 and 2 dia-
betes (Sawicki et al., 1994; Voulgari et al., 2011).

Obesity
Excess weight, and in particular visceral obesity, is a 
well-recognized phenotypic characteristic and driver for type 2 
diabetes, and at the same time a risk factor for DN (Hall et al., 
2003). Visceral obesity is a major component of the metabolic 
syndrome, which is characterized by insulin resistance, hyper-
tension, dyslipidaemia, and increased renal and cardiovascular 
morbidity. Insulin resistance precedes and likely contributes to 
the onset of microalbuminuria in patients with type 1 diabetes 
(Orchard et al., 2002). In type 2 diabetes, there is a clear asso-
ciation between more severe insulin resistance and microal-
buminuria, that is also evident in subjects with normal blood 
pressure values considered separately from those with hyperten-
sion (Parvanova et al., 2006). Visceral obesity per se is associ-
ated with activation of the RAAS and physical compression of 
the kidneys (Henegar et al., 2001; Hall et al., 2004), which in turn 
sustains an increase in systemic and glomerular pressure leading 
to renal injury in a similar manner as seen in diabetes. Obesity 
in humans (Chagnac et  al., 2003)  is paralleled by hyperfiltra-
tion, secondary to increased tubular salt reabsorption leading 

to tubuloglomerular feedback-mediated reduction in afferent 
arteriolar resistance, and increased glomerular capillary pressure 
(Hall, 2003), a phenomenon likely to add to the negative effect 
of diabetes on glomerular haemodynamics (Griffin et al., 2008). 
Analyses of dextran sieving data underscore that the glomerular 
capillary bed of obese patients is exposed to increased perfusion 
and higher transcapillary hydraulic pressure (Chagnac et  al., 
2003). In turn, glomerular hypertension and hyperfiltration may 
enhance urinary albumin excretion. It is likely that the obesity 
and diabetes-mediated states of low-grade inflammation, associ-
ated with kidney macrophage infiltration and increased oxidative 
stress, are factors that together contribute additively to the pro-
gression of renal disease in obese patients with diabetes.

Dyslipidaemia
Hyperlipidaemia is known to be a risk factor for the development 
of albuminuria in patients with diabetes (Rutledge et al., 2010). 
However, conflicting evidence exists on the role of lipid-lowering 
agents, particularly statins, in improving albuminuria and pre-
serving renal function in patients with DN (Fried et  al., 2001; 
Ruggenenti et  al., 2010b; Rutter et  al., 2011). Post hoc analy-
sis of studies on the role of fibrates on DN in type 2 diabetes 
showed a positive effect on renal function decline but not albu-
minuria (Forsblom et  al., 2010). Further prospective studies 
are needed to assess the role of hypolipaemic treatment of the 
progression of DN.

Diagnosis and monitoring
Measurement of albuminuria/proteinuria
The clinical diagnosis of diabetic renal disease is based upon the 
detection of albuminuria (Fig. 149.7) Determination of albumi-
nuria, blood pressure assessment, and estimation of GFR are the 
parameters that are utilized as diagnostic procedures for DN. In 
selected cases, mainly because of unusual presentation of renal 
disease, renal biopsy may serve to exclude other underlying renal 
disease conditions.

In patients with type 2 diabetes, because of the difficulty in pre-
cisely dating the onset of diabetes, screening for DN must be per-
formed at the time of diagnosis, when it has been reported that 
approximately 7% of patients will already have microalbuminuria 
(Adler et al., 2003).

In patients with type 1 diabetes, microalbuminuria rarely occurs 
close to diagnosis or after a short diabetes duration; therefore, screen-
ing is advised after 5 years from diagnosis (Molitch et al., 2004). 
Of note, it is important to remember that, especially in patients 
with poor metabolic and haemodynamic control, the prevalence of 
microalbuminuria before 5 years can reach 18% (Stephenson et al., 
1994). Some evidence suggests that the pre-pubertal duration of 
diabetes may contribute to the development of microvascular com-
plications and this should be considered in individualizing recom-
mendations in different patients (Schultz et al., 1999).

After the initial screening and in the absence of previously dem-
onstrated microalbuminuria, a test for the presence of microalbu-
minuria should be performed annually (Molitch et al., 2004).

Screening for microalbuminuria can be performed by albumin in 
a spot urine sample, collected either as the first urine in the morn-
ing or at random. This method is accurate and easy to perform, in 
contrast to 24-hour and timed urine collections which are prone 
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to errors related to collecting samples and cumbersome (Molitch 
et al., 2004). The result of albumin measurements in spot collections 
is better expressed as urinary ACR (mg/g or mg/mmol) (Eknoyan 
et al., 2003; Molitch et al., 2004). All abnormal tests must be con-
firmed in two out of three samples collected over a 3–6-month 
period due to the known day-to-day variability in urinary albumin 
excretion (Eknoyan et al., 2003; Molitch et al., 2004). Screening for 
urine albumin should not be performed when conditions known to 
transiently increase urinary albumin excretion are present, such as 
urinary tract infections, hyperglycaemia, haematuria, acute febrile 
illness or prolonged and strenuous exercise, uncontrolled hyper-
tension, and heart failure (Mogensen et al., 1995). Samples should 
always be refrigerated if analysed at a later stage (Eknoyan et al., 
2003). Of the many ways of determining albuminuria in everyday 
clinical practice, measurement of the ACR in a first-morning void 
is believed to be superior in predicting renal events in patients with 
type 2 diabetes and nephropathy (Lambers Heerspink et al., 2010). 
Measurements in accurate overnight or 24-hour urine collections 
remain the gold standard to assess albuminuria as a quantitative 
outcome or endpoint intervention in the context of clinical trials.

When specific urinary albumin excretion determinations are not 
available, urine protein dipsticks can be utilized, but all negative 
tests should be confirmed by more specific methods as this method 
is not sensitive enough to detect small increments in urinary albu-
min (Molitch et al., 2004).

Although albumin determination in the urine is the fundamental 
step utilized for the diagnosis of DN, patients with either type 1 or 
type 2 diabetes can present with reduced renal function but still nor-
mal urinary albumin excretion (Caramori et al., 2003; MacIsaac et al., 
2004). In up to 30% of type 2 diabetic patients, renal impairment may 
not be associated with concomitant micro- or macroalbuminuria 
and retinopathy (Kramer et al., 2003). Ageing-related changes in kid-
ney structure and function and/or predominantly ischaemic kidney 
disease might possibly explain why renal function may be impaired 

in patients with no evidence of microvascular disease (microalbumi-
nuria or retinopathy). Independent of the above, in addition to the 
assessment of albuminuria, a careful GFR measurement is therefore 
needed whenever diabetic patients are screened for renal disease.

Determination of glomerular filtration rate
The GFR can be directly evaluated by measuring the renal or 
plasma clearance of exogenous markers of glomerular filtration 
such as inulin, 51Cr-EDTA, 125I-iothalamate, and iohexol (Gaspari 
et al., 1997), or by measuring the creatinine clearance, an endog-
enous marker of glomerular filtration that, however, is either 
secreted or absorbed at tubular level, which affects the reliability of 
creatinine-based GFR measurement (Friedman et al., 1988).

In clinical practice, GFR is often estimated by equations that 
take into account serum creatinine concentration and some or all 
of the following variables: age, gender, race, and weight. The cur-
rently recommended equation, utilized worldwide, is the MDRD 
(Modified Diet in Renal Disease) equation (Levey et al., 2006), cal-
culated as follows:

GFR (mL/min/1.73 m2) = 186 × (serum creatinine (mg/dL))−1.154 
× (age)−0.203 × (0.742 if female) × (1.212 if African American).

This equation is more precise in a GFR range < 60 mL/min and 
is extensively utilized to monitor the progression towards ESRD 
in patients with renal impairment. On the other hand, estimation 
formulas have been proven to be grossly inaccurate and unreliable 
in different clinical settings, including polycystic kidney disease 
and diabetes, particularly in the presence of normal or increased 
estimated GFR (eGFR) values (Ruggenenti et  al., 2012c, 2012e). 
In 2009, the Chronic Kidney Disease Epidemiology (CKD-EPI) 
Collaboration equation was developed to specifically address this 
limitation, but the diagnostic performance of this novel equation in 
diabetic patients is also questionable (Rognant et al., 2011; Silveiro 
et al., 2011; Ruggenenti et al., 2012c, 2012e). Moreover, recent data 

Assessment of
microalbuminuria

Test positive for
microalbuminuria

Rescreen
in 12 months

2 or 3 tests positive? Microalbuminuria

Review any non-renal condition/s that
might represent a cause of increased

urinary albumin excretion

Repeat test when non-renal
conditions resolved.

Test positive for protein?

Repeat test twice
within 3–6 months' time

YES

YES

YES

NO NO

NO YES

NO

Fig. 149.7 Screening for microalbuminuria.
Modified from Molitch, M. E., DeFronzo, R. A., Franz, M. J., et al. (2004). Nephropathy in diabetes. Diabetes Care, 27 Suppl 1, S79–83.
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question the use of any estimation formula to identify hyperfilter-
ing subjects and monitor renal function loss in patient with type 2 
diabetes with normo- or microalbuminuria (Gaspari et al., 2013). 
Since hyperfiltering diabetics are at increased risk of accelerated 
renal function loss and progression to micro- or macroalbuminuria 
and since GFR decline over time is remarkably faster in diabetics 
than in non-diabetics even before the onset of overt nephropathy 
(a loss largely underestimated or fully missed by estimation for-
mulas), appropriate measurement of true GFR could be advisable 
to monitor both disease progression and response to treatment in 
diabetic patients. In particular, in patients with renal insufficiency, 
increased tubular creatinine secretion results in GFR overestima-
tion. In those with oedema, haemodilution may result in reduced 
serum creatinine levels, which may also result in GFR overestima-
tion. On the other hand, accurate measurement of GFR and detec-
tion of hyperfiltration have a significant prognostic relevance in 
diabetic patients (Ruggenenti et al., 2012c).

Treatment and management of the patient 
with diabetes and renal disease
Along with intensive glycaemic control (The DCCT Research 
Group, 1993; UK Prospective Diabetes Study Group, 1998; EDIC 
Study Group, 2000), antihypertensive treatment is a cornerstone 
of the prevention and treatment of DN (Table 149.3). In par-
ticular, RAAS blocking agents have been extensively used based 
on strong evidence of their efficacy in experimental diabetes. 
Although normo-, micro-, and macroalbuminuria are part of a 
continuum in the relationship between albumin excretion and 
cardiorenal risk (Gerstein et al., 2001; Ruggenenti and Remuzzi, 
2006), trials of blood glucose or blood pressure-lowering agents 
and RAAS inhibitors have almost invariably considered patients 
selected and categorized on the basis of a UAER in a pre-defined 

range, that is in the range of normo-, micro-, or macroalbu-
minuria. This approach was aimed at including patients with 
a homogenous and predictable risk of events and, at the same 
time, allowed trial endpoints to be better defined. Thus, larg-
est trials considered as a primary endpoint categorical variables 
such as progression to micro- or macro-albuminuria (taken as 
markers of incipient or overt nephropathy, respectively (Parving, 
2000; Reboldi et al., 2011)) or to ESRD for patients with normo-, 
micro-, or macro-albuminuria, respectively. Regression from 
micro- to normoalbuminuria was also a secondary outcome of 
some trials. Smaller studies considered albuminuria as a con-
tinuous variable and reduction of albuminuria was the main 
outcome of these studies. The rate of GFR decline was seldom 
considered as the primary outcome, most likely because of the 
difficulties in serially measuring GFR by appropriate techniques 
in a sufficient number of patients. Mortality and cardiovascular 
events were also considered as outcomes in largest trials, in par-
ticular in high-risk patients with overt nephropathy. To describe 
the enormous number of trials evaluating the effect of differ-
ent pharmacological interventions in patients with diabetes, we 
categorized the studies according to the typology of considered 
patients and, secondarily, according to intervention targets and 
considered outcomes.

Preventing microalbuminuria in patients 
with normoalbuminuria
Metabolic control

Type 1 diabetes
Metabolic control plays a key role in preventing microalbuminuria 
in both type 1 and type 2 diabetes. The DCCT, a landmark trial 
conducted from 1983 to 1993, aimed to evaluate whether intensive 

Table 149.3 Blood pressure targets and antihypertensive drugs in different populations of patients with or without diabetes

Patients BP target (mmHg) Recommended drugs Guidelines Comments

No evidence of renal 
disease

No diabetes

Diabetes

<140/90

<130/80

β-blockers,

CCBs,

Diuretics

ACEIsa

ACEIs

ARBs

KDOQI, 2004

ADA, 2003

KDOQI, 2004

No additional renoprotection with lower BP levels

Choice of antihypertensive agents according to patient’s 
characteristics

ACEIs prevent or delay incidence of microalbuminuria

Crucial role of optimized metabolic control

CKD without 
proteinuria

No diabetes

Diabetes

<130/80

<130/80

ACEIsa

ACEIsa

ARBsa

KDOQI, 2004

KDOQI, 2004

Reduction of BP prevent progression of renal injury but no lower 
than 130/80 mmHg

Addition of aldosterone antagonist or rennin inhibitor can be 
considered to maximize renoprotection

CKD with proteinuria

No diabetes

Diabetes

<130/80

<125/75

ACEIsa

ACEIs

ARBs

ACEIs + ARB

KDOQI, 2004

ADA, 2003

ACEIs prevent or delay incidence of microalbuminuria

Crucial role of optimized metabolic control—BP reduction with 
maximal doses of ACEIs and ARBs reduces proteinuria and the rate 
of renal disease progression.

aConsider salt restriction and addition of diuretics to the suggested treatment.

ADA = American Diabetes Association; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BP = blood pressure; CCB = calcium channel blocker; 
KDOQI = Kidney Disease Outcomes Quality Initiative.

From Cravedi, P., Ruggenenti, P., and Remuzzi, G. (2010). Which antihypertensive drugs are the most nephroprotective and why? Expert Opin Pharmacother, 11, 2651–63.
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metabolic control may delay or even prevent diabetes-related 
microvascular complications, including DN. The primary inter-
vention cohort included 726 subjects with type 1 diabetes and 
normoalbuminuria, who were randomized to either intensive gly-
caemic control (target HBA1c: 6% or less) or standard glycaemic 
control. Intensive control was associated with a significant 34% 
reduction in the risk of new-onset microalbuminuria compared to 
standard glycaemic control over an average of 6.5 years of follow-up 
(The DCCT Research Group, 1995). These findings were extended 
by the EDIC study, an observational, long-term follow-up of the 
surviving members of the original DCCT cohort (The EDIC study 
group, 2003). At the end of the DCCT, all patients were shifted to 
intensive metabolic control, and their care was transferred to their 
own physicians. Of note, analyses of the 1112 subjects with normal 
AER at both the beginning and the end of DCCT showed that only 
39 out of 572 participants (6.8%) originally assigned to intensive 
metabolic control developed microalbuminuria at the EDIC years 7 
or 8 compared to 87 out of 550 subjects (15.8%) originally assigned 
to standard metabolic control. Thus, intensive control during the 
original randomized phase of DCCT translated into a striking 
reduction in the risk of new-onset microalbuminuria over 8 years 
of EDIC follow-up, even though the difference in mean HBA1c 
between the two former treatment groups at EDIC baseline (7.4 
versus 9.1%) nearly disappeared during the subsequent follow-up. 
The long-lasting benefit of early intensive metabolic control, or 
‘metabolic memory’, underscores that optimizing metabolic control 
as soon as the diagnosis of diabetes is established may translate into 
long-term clinical benefits that will never be achieved if optimal 
intervention is started later in the history of disease.

Type 2 diabetes
Intensive glycaemic control has been shown to also benefit patients 
with type 2 diabetes. Renal outcome analyses of the United 
Kingdom Prospective Diabetes Study (UKPDS33), a trial of 3867 
newly diagnosed patients with type 2 diabetes, found that inten-
sive control (achieved HBA1c of 7%) compared to standard control 
(achieved HBA1c of 7.9%) decreased the risk of new-onset micro-
albuminuria by 24% at 9  years (UK Prospective Diabetes Study 
Group, 1998). This benefit, although significant, was smaller than 
the one observed in patients with type 1 diabetes in the DCCT, a 
finding that might be partly explained by the smaller difference in 
achieved HBA1c between the intensive and standard groups in the 
UKPDS (0.9%) than in the DCCT (1.8%). The smaller benefit of 
blood glucose reduction in type 2 diabetic patients could be taken 
to suggest that factors other than hyperglycaemia, such as hyper-
tension, insulin resistance, or obesity, far more prominent in type 2 
than in type 1 diabetics, might have an even stronger effect on the 
onset of microalbuminuria.

Importantly, comparable findings from the Kumamoto Study 
(Ohkubo et al., 1995; Shichiri et al., 2000), wherein intensive gly-
caemic control reduced the rate of new-onset microalbuminuria, 
converge to indicate that reducing HBA1c to 7% or less is also reno-
protective in type 2 diabetes.

Recent trials have been designed to evaluate whether longer 
protective effects against the onset of microalbuminuria could be 
achieved by an even more intensified metabolic intervention. In 
11,140 type 2 diabetics of the ADVANCE trial, 5 years of inten-
sive metabolic control reduced new-onset microalbuminuria by 9% 
compared to standard control (Patel et al., 2008), while intensive 

versus standard control reduced the onset of microalbuminu-
ria by 15% in 10,251 type 2 diabetics from the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) trial over 3.5 years of 
follow-up (Ismail-Beigi et al., 2010). The reasons for the above dif-
ferences remain largely elusive since patient characteristics (includ-
ing diabetes duration) and HBA1c concentrations achieved in the 
intensive and standard groups (6.5 vs 7.3% in ACCORD; 6.4 vs 7.5% 
in ADVANCE) were quite similar. Independent of the above, strict 
metabolic control did not translate into a reduced cardiovascular 
risk in both studies, and was also associated with an increased risk 
of all-cause and cardiovascular mortality in ACCORD, for reasons 
that remain debated (Dluhy and McMahon, 2008; Lachin, 2010; 
Riddle, 2010). Based on the above, current guidelines generally 
consider a target of 6.5–7% to be more appropriate than tighter con-
trol, until further evidence is met (National Institute for Health and 
Care Excellence, 2009). Actually, the HbA1c target of 6.5% or less 
may be appropriate for further reducing diabetes-related microvas-
cular complications—including new-onset microalbuminuria—in 
selected individual patients, if it can be achieved without significant 
hypoglycaemia (American Diabetes Association, 2012a), but may 
be harmful in patients with longstanding diabetes and high risk of 
cardiovascular disease.

Blood pressure reduction
Evidence that blood pressure reduction is per se an intervention 
for preventing new-onset microalbuminuria in diabetic patients 
is essentially derived from the UKPDS 38 (UKPDS Study Group, 
1998)  and the Appropriate Blood Pressure in Diabetes (ABCD) 
trials, both in type 2 diabetics (Estacio et al., 2000; Schrier et al. 
2002). A reasonable explanation for the lack of studies on blood 
pressure control in patients with type 1 diabetes is that at the stage 
of normoalbuminuria only a small proportion of this population 
is also hypertensive. When the UKPDS study started enrolling 
patients in the 1970s, blood pressure values < 180/105 mmHg were 
considered by many as an acceptable target in diabetic patients. 
As a consequence, at the start of the hypertension study in 1987, 
over 1000 patients with type 2 diabetes were randomly assigned 
to what at that time was considered an ‘intensive’ control (blood 
pressure < 150/85 mmHg) or to ‘standard’ control (blood pressure 
< 180/105 mmHg). Achieved blood pressure values were 144/82 
and 154/87  mmHg in the ‘intensive’ and the ‘standard’ groups, 
respectively, and more intensified blood pressure control was even-
tually associated with a remarkable protective effect against both 
micro- and macrovascular complications over a median follow-up 
of 8.4  years. Of note, each 10-mmHg decrease in mean systolic 
blood pressure was associated with a 12% reduction in risk for all 
complications related to diabetes and with an 11% reduction of 
risk of myocardial infarction. When considering the progression 
from normo- to microalbuminuria, ‘tight’ blood pressure control 
reduced the risk by a striking 29% compared to ‘standard’ control 
(UKPDS Study Group, 1998). Two years after the impressive results 
of the UKPDS 38 had become available, the results of the ABCD 
trial were also published. ABCD was undertaken to investigate 
whether a further reduction of blood pressure target would have 
allowed additional benefits on diabetes-related microvascular com-
plications, GFR decline, and cardiovascular events in patients with 
type 2 diabetes. To test the above hypothesis, patients were divided 
into two cohorts, depending upon the presence of a baseline 

 

 



SECTION 6 the patient with another primary diagnosis1218

diastolic blood pressure > 90 mmHg (hypertensive cohort) (Estacio 
et al., 2000) or in the range 80–90 mmHg (normotensive cohort) 
(Schrier et al. 2002). In the hypertensive cohort, 470 patients were 
randomized to either intensive or standard blood pressure control 
(diastolic goal of 75 mmHg or 80–90 mmHg, respectively) (Estacio 
et al., 2000). Within each group, patients were further randomized 
to receive either nisoldipine or enalapril as the primary antihy-
pertensive medication. Achieved blood pressure was 132/78 and 
138/86 mmHg in the intensive and the standard groups, respectively, 
and mean renal function (assessed by 24-hour creatinine clearance) 
remained stable in both groups throughout the observation period. 
Intensive blood pressure control compared to standard control 
did not significantly reduce the rate of progression from normo- 
to microalbuminuria (25% vs 18%, respectively) or the risk of any 
cardiovascular outcomes, including cardiovascular death, non-fatal 
myocardial infarction, non-fatal stroke, or heart failure hospitali-
zations, over 5 years of follow-up. However, tight blood pressure 
control allowed a significant reduction of all-cause mortality, from 
10.7% in the standard control group to 5.5% in the intensive arm. 
This beneficial effect was noted in the absence of any differences 
between treatment groups in other risk factors, including smoking 
prevalence and lipid or blood glucose levels. It is also worth men-
tioning that the ABCD Data and Safety Monitoring Committee 
halted the comparison between nisoldipine and enalapril after 
4 years of follow-up because much fewer myocardial infarctions 
occurred in patients randomly allocated to enalapril. Therefore, 
the Committee recommended switching the nisoldipine-treated 
patients to enalapril therapy. In the cohort of normotensive patients 
(N  =  480), the goal of intensive blood pressure control was to 
reduce diastolic blood pressure by 10 mmHg using either nisol-
dipine or enalapril, while patients in the control group received a 
placebo. Over 5 years of follow-up, achieved blood pressure was 
128/75 and 137/81 mmHg in the intensive and standard control 
groups, respectively. As also observed in the hypertensive cohort, 
mean renal function of patients with normoalbuminuria at base-
line remained stable in both groups over the 5 years of follow-up. 
On the other hand, progression from normo- to microalbuminuria 
was markedly slower in the intensive than in the standard control 
group (17 vs 28%, P = 0.012); moreover, 15 patients reverted from 
micro- to normoalbuminuria in the intensive group compared to 
eight patients in the standard group (P = 0.03). These findings are 
in sharp contrast to those in patients from the hypertensive cohort, 
wherein intensive blood pressure control was not associated with 
any appreciable benefit on the progression from normo- to micro-
albuminuria. Actually, it is not a matter of blood pressure control, 
since the magnitude of the difference in achieved systolic and dias-
tolic blood pressure between the two groups (about 8 mmHg) was 
very similar in both the hypertensive- and normotensive cohorts. 
Second, the degree of glycaemic control, although poor, was com-
parable between the two groups of both cohorts throughout the 
follow-up period. Whether the above findings reflect random data 
fluctuations or may have a specific, systematic explanation remains 
elusive. Thus, further randomized trials evaluating the differential 
effects of distinct blood pressure targets in patients with type 2 dia-
betes are clearly needed to shed some light on this grey area.

RAAS inhibition
Pivotal studies by Brenner’s group in Boston in the 1980s showed 
that ACEI therapy started at the induction of diabetes almost 

completely prevented the functional and structural changes of 
experimental DN in rats (Zatz et al., 1986). Later studies, partic-
ularly in experimental models of streptozocin-induced diabetes 
(Perico et al., 1994), consistently showed that response to RAAS 
inhibition was a function of time, as proteinuria reduction and pre-
vention of glomerulosclerosis were quite common when treatment 
was started early after the induction of diabetes; conversely, when 
RAAS inhibition was started after changes associated with DN were 
already established, the antiproteinuric and renoprotective effects 
were less consistent (Perico et al., 1994). These findings provided 
the background for testing the efficacy of early intervention with 
RAAS inhibitors in human disease.

Type 1 diabetes
Pioneering clinical studies from the groups of Passa (Passa et al., 
1987), Pedersen (Pedersen et al., 1988), and Wiegmann (Wiegmann 
et al., 1992) in the late 1980s and early 1990s suggested that ACEI 
treatment may reduce the progression to microalbuminuria in 
patients with type 1 diabetes, normoalbuminuria, and hypertension 
(Passa et al., 1987) or even normal blood pressure (Pedersen et al., 
1988; Wiegmann et al., 1992). The above findings, however, were 
unreliable because studies were all underpowered and flawed by 
major limitations. To address this important issue, investigators of 
the EURODIAB controlled trial of Lisinopril in Insulin-Dependent 
diabetes (EUCLID) study group carried out a randomized, con-
trolled trial in 530 normotensive patients with type 1 diabetes (83% 
normoalbuminuric) who were randomly assigned to the ACEI 
lisinopril or placebo. At 2 years, albuminuria was 2.2 micrograms/
min lower in the treatment than in the placebo arm, although this 
difference was almost fully explained by treatment effect in the 
minority of patients with microalbuminuria at baseline (EUCLID 
Study Group, 1997). Ten years later, similar findings were reported 
in two large placebo-controlled studies, DIRECT-Prevent 1 and 
DIRECT-Protect 1, evaluating the effects of the ARB candesartan 
versus placebo in 3326 patients with type 1 diabetes, normoal-
buminuria, and normal blood pressure followed for a median of 
4.7 years (Chaturvedi et al., 2008). Participants without retinopathy 
were recruited to the DIRECT-Prevent 1 and those with retinopa-
thy to the DIRECT-Protect 1. Although candesartan reduced the 
incidence of retinopathy (but not its progression), it did not pro-
vide any protective effects against new-onset microalbuminuria. 
The Renin Angiotensin System Study (RASS)—a 5-year trial of 285 
normotensive type 1 diabetics randomly assigned to the ACEI enal-
april, the ARB losartan, or placebo—showed that enalapril did not 
significantly lower the incidence of microalbuminuria compared 
to placebo, while losartan was actually associated with a threefold 
increase in the risk of microalbuminuria compared to placebo 
(Mauer et al., 2009). Neither enalapril nor losartan achieved any 
beneficial effects on the fraction of glomerular volume occupied by 
mesangium (primary outcome of the trial), measured to evaluate 
the progression of renal changes in very early stages of DN or other 
histological features of DN at 5-year biopsy evaluation compared to 
baseline. Thus, available evidence does not support the concept that 
RAAS blocking agents may slow the progression from normo- to 
microalbuminuria in low-risk normotensive subjects with type 1 
diabetes. However, it is plausible that studies on RAAS blockade in 
patients with type 1 diabetes with normal blood pressure and low 
vascular risk probably require much longer follow-up to establish 
whether it may have a role in the primary prevention of cardiorenal 
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complications (Bilous et al., 2009). No data are available in patients 
with type 1 diabetes and hypertension.

Type 2 diabetes
While the above studies in patients with type 1 diabetes focused 
on subjects with normal blood pressure, studies on progression 
from normo- to microalbuminuria in patients with type 2 diabetes 
largely included hypertensive patients (Table 149.4).

In 1992, Chan and co-workers found that all 18 patients with type 
2 diabetes, hypertension, and normoalbuminuria who received the 
ACEI enalapril did not progress to microalbuminuria over 1 year 
of follow-up, as compared with two of the 23 patients receiving 
nifedipine (Chan et al., 1992). Although these encouraging results 
did not reach formal statistical significance, this study paved the 
way for continued efforts to study the favourable effects of RAAS 
blocking agents in normoalbuminuric patients with type 2 diabe-
tes. The subsequent Japan Multicenter Investigation of antihyper-
tensive treatment for Nephropathy in Diabetics (J-MIND) found 
a lower incidence of microalbuminuria in 95 patients with type 2 
diabetes, hypertension, and normoalbuminuria randomly allocated 
to 2  years of treatment with enalapril than in 106 controls allo-
cated to the dihydropyridine CCB nifedipine (15.8% versus 21.7 
%) (Baba, 2001). Although suggestive, these findings were again 
inconclusive as the study was underpowered to detect a specific 
treatment effect on new-onset microalbuminuria. Moreover, both 
the above studies evaluated the effects of RAAS inhibition versus 
those of a dihydropyridine CCB, thus it was not possible to assess 

whether differences between treatment arms were explained by a 
protective effect of enalapril or rather by a harmful effect of nifedi-
pine. The BENEDICT study was the first large-scale, prospective 
clinical trial designed to formally assess whether persistent micro-
albuminuria (defined as UAER in the microalbuminuric range, 
confirmed by at least two of three consecutive overnight urine 
collections) may be prevented in patients with type 2 diabetes, 
hypertension, and normal urinary albumin excretion at inclusion 
(UAER < 20 micrograms/min) (Ruggenenti et al., 2004). Overall, 
1204 patients were randomized to the ACEI trandolapril alone, the 
non-dihydropyridine CCB verapamil alone, trandolapril plus vera-
pamil, or placebo. Verapamil was also tested in the trial because 
of previous evidence from small studies that non-dihydropyridine 
CCBs could reduce proteinuria in patients with type 2 diabetes and 
macroalbuminuria (Bakris et al., 1996; Bakris et al., 1997). Over a 
median follow-up of 3.6 years, microalbuminuria developed in 5.7% 
of patients on combined therapy, 6% of those on trandolapril alone, 
11.9% of those on verapamil alone, and 10% of those on placebo. 
Thus, trandolapril halved the risk of new-onset microalbuminu-
ria compared to non-ACEI therapy. This significant effect was not 
enhanced by add-on non-dihydropyridine CCB. On the other hand, 
the effect of non-dihydropyridine CCB therapy was similar to that 
of placebo. The reduced incidence of microalbuminuria associated 
with trandolapril therapy (alone or combined with verapamil) was 
significant even after adjustment for baseline and follow-up systolic 
and diastolic blood pressure, which indicated that ACE inhibition 
had a specific renoprotective effect that could not be explained by 

Table 149.4 Main randomized controlled trials with ACEIs or ARBs in patients with type 1 or type 2 diabetes and normoalbuminuria

Study name 
(reference)

Year Study population RAAS 
inhibitor 
agent

Renal endpoint Patients with endpoint/total patients (%) Hazard ratio of 
endpoint with use 
of RAAS inhibitor 
(95% CI)

P

Treatment group Placebo group

EUCLID (EUCLID 
Study Group, 1997)

1997 Type 1 diabetes, 
normotensives

Lisinopril AER ≥ 20 mcg/
min and < 200 
mcg/min

13/213 (6%) 18/227 (8%) 1.30 (0.64–2.7) 0.5

BENEDICT 
(Ruggenenti et al., 
2004)

2004 Type 2 diabetes, 
hypertensives

Trandolapril AER ≥ 20 mcg/
min and < 200 
mcg/min

18/301 (6%) 30/300 (10%) 0.47 (0.26–0.83) 0.01

DIRECT-Prevent 1 
(Chaturvedi et al., 
2008)

2008 Type 1 diabetes, 
normotensives

Candesartan AER ≥ 20 mcg/
min and < 200 
mcg/min

NA NA 1.08 (0.54–2.19) NA

DIRECT-Protect 1 
(Chaturvedi et al., 
2008)

2008 Type 1 diabetes, 
normotensives

Candesartan AER ≥ 20 mcg/
min and < 200 
mcg/min

NA NA 1.03 (0.72–1.46) NA

RASS (Mauer et al., 
2009)

2009 Type 1 diabetes, 
normotensives

Enalapril AER ≥ 20 mcg/
min and < 200 
mcg/min

4/94 (4%) 6/95 (6%) NA 0.96

RASS (Mauer et al., 
2009)

2009 Type 1 diabetes, 
normotensives

Losartan AER ≥ 20 mcg/
min and < 200 
mcg/min

16/94 (17%) 6/95 (6%) NA 0.01

ROADMAP (Haller 
et al., 2011)

2011 Type 2 diabetes, 
hypertensives

Olmesartan Urinary ACR > 
25 (men) or > 35 
mg/g (women)

178/2160 (8.2%) 210/2139 (9.8%) 0.77 (0.63–0.94) 0.01

ACR = albumin:creatinine ratio; AER = albumin excretion rate; NA = not applicable; RAAS = renin–angiotensin–aldosterone system.
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differences in blood pressure control between treatment groups 
(Ruggenenti et al., 2004). When outcomes were analysed according 
to achieved systolic (< or > 139 mmHg) blood pressure (139 mmHg 
was the median value achieved in whole study groups during the 
follow-up period (Ruggenenti et al., 2006)), the risk of progression 
to microalbuminuria was found to be significantly higher in those 
with higher blood pressure with a trandolapril effect found to be 
remarkably higher in this population rather than in patients with 
better blood pressure control on follow-up (Ruggenenti et al., 2004, 
2006). Because the large majority of patients with diabetes do not 
achieve effective control of systolic blood pressure in clinical prac-
tice, even with the administration of two or more antihypertensive 
drugs, these findings highlight the importance of including ACEIs 
in their antihypertensive regimen because of their additional, spe-
cific renoprotective effect. Again, therapy with non-dihydropyridine 
CCB was ineffective at any level of achieved blood pressure.

After the BENEDICT trial, a virtually identical study, the 
Randomised Olmesartan And Diabetes MicroAlbuminuria 
Prevention (ROADMAP) study, was designed to assess whether 
the ARB olmesartan could reduce the incidence of microalbumi-
nuria compared to placebo in 4400 subjects with type 2 diabetes 
and normoalbuminuria (Haller et  al., 2011). Over 2000 patients 
were randomized to non-RAAS inhibitor therapy, despite previous 
evidence from BENEDICT showing that ACE inhibition was pro-
tective against the development of microalbuminuria (Ruggenenti 
et al., 2004). Over 3.2 years of follow-up, microalbuminuria devel-
oped in 8.2% of the subjects in the olmesartan group versus 9.8% 
in the placebo group, an effect that was observed in parallel with 
better blood pressure control in the olmesartan group and that was 
no longer significant after adjustment for achieved blood pressure 
values in the two treatment arms. Overall, in the BENEDICT and 
ROADMAP trials, trandolapril and olmesartan reduced the hazard 
for microalbuminuria by 56% and 23% versus placebo, respectively. 
As cumulative incidence of microalbuminuria was nearly identical 
in the placebo arms of both studies, the larger renoprotective effect 
of trandolapril could not be explained by different patient risk for 
considered events (Fig. 149.8).

Of interest, the overall rates of cardio- and cerebrovascular 
events—about 2.9 cases per 1000 person-years—were also similar in 
the control groups of both trials. However, whereas in BENEDICT 

the number of events was reduced by trandolapril compared to 
placebo (no statistics were feasible because of the small number of 
events), an opposite treatment effect was observed in ROADMAP, 
with a statistically significant fivefold increase in the risk of death 
from cardiovascular causes in the olmesartan group which was 
mainly seen in patients with history of cardiovascular disease. 
Whether excess cardiovascular risk while on olmesartan therapy can 
be explained by a specific effect of the study drug or rather by larger 
blood pressure reduction achieved by olmesartan, resulting in a pos-
sible J-curve effect (Cooper-DeHoff et al., 2010; Redon et al., 2012) in 
patients with pre-existing coronary heart disease, deserves further 
scrutiny. Independent of the above, after reviewing the results of the 
ROADMAP and ORIENT trials (Imai et al., 2011), the US Food and 
Drug Administration (FDA) has determined that olmesartan is not 
recommended as a treatment to prevent or delay microalbuminuria 
in diabetic patients (Food and Drug Administration, 2011).

The favourable effects of ACEIs on preventing the progression from 
normo- to microalbuminuria have been recently confirmed by the 
Action in Diabetes and Vascular disease: PreterAx and DiamicroN 
modified release Controlled Evaluation (ADVANCE) trial, which 
assessed the effects on micro- or macrovascular disease of a fixed 
combination of the ACEI perindopril and the diuretic indapamide 
in 11,140 patients with type 2 diabetes and at least one additional 
risk factor, who had a wide range of blood pressure values at inclu-
sion, that averaged 145/81 mmHg (Patel et al., 2007). Over 4.3 years 
of follow-up, a significant reduction in the onset of microalbuminu-
ria was observed in the perindopril-indapamide arm compared to 
placebo (relative risk (RR) reduction: 21%). However, findings that 
active therapy reduced systolic and diastolic blood pressure by 5.6 
and 2.2 mmHg, respectively, compared to placebo, were inconclu-
sive in warranting a specific treatment effect or a blood pressure 
reduction-related benefit. Moreover, the comparison between a fixed 
combination of an ACEI plus a diuretic versus placebo did not allow 
the treatment effect of one component of the combination to be sepa-
rated from that of the other one, this being a major limitation of stud-
ies evaluating treatment effect of fixed combinations versus placebo.

Based on the encouraging results of the BENEDICT trial, the 
Prospective, Randomized, Probe Trial to Evaluate Whether, at 
Comparable Blood Pressure Control, Combined Therapy With the 
ACEI Benazepril and the ARB Valsartan, Reduces the Incidence 
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of Microalbuminuria More Effectively Than BEN or VAL Alone 
in Hypertensive Patients With Type 2 Diabetes and High-normal 
Albuminuria (VARIETY; NCT00503152, <http://clinicaltrials.gov/
ct2/show/NCT00503152>) trial was designed and is currently ongo-
ing to assess whether the protective effect of ACEI therapy against 
the development of microalbuminuria in hypertensive patients 
with type 2 diabetes at increased risk, owing to high-normal albu-
minuria at inclusion, is also shared by ARB therapy and is even 
enhanced when ACEIs and ARBs are administered in combination. 
To avoid the confounding effect of larger blood pressure reduc-
tion on dual RAAS blockade, ACEIs and ARBs are administered at 
halved doses in the combination therapy group.

Preventing macroalbuminuria in patients 
with microalbuminuria
Metabolic control

Type 1 diabetes
In type 1 diabetes, preliminary positive findings from some 
Scandinavian studies (Feldt-Rasmussen et al., 1986; Beck-Nielsen 
et  al., 1990; Dahl-Jorgensen et  al., 1992; Bangstad et  al., 1994; 
Parving, 1998)  were not confirmed by the DCCT (The DCCT 
Study Group, 1993, 1995) or the Microalbuminuria Collaborative 
Study (Microalbuminuria Collaborative Study Group, United 
Kingdom, 1995). In the DCCT, there was no difference in the num-
ber of patients who progressed from micro- to macroalbuminuria 
between the intensive-control and the standard therapy group. Of 
note, however, only 10 out of the 73 originally microalbuminuric 
patients had progressed to overt nephropathy at the end of the 
observation period, which reduced the power of statistical analy-
ses comparing the effects of the two study treatments (The DCCT 
Study Group, 1995). Of note, the benefits of intensive glucose con-
trol clearly emerged during the subsequent EDIC study. Indeed, 
this study showed that the risk of progression to overt nephropathy 
was reduced by 84% in patients previously assigned to the intensive 
control group compared to those originally in the standard control 
group (The EDIC Study Group, 2003). In the Microalbuminuria 
Collaborative Study, 70 normotensive patients with type 1 diabe-
tes and microalbuminuria were randomly allocated to ‘intensive’ 
metabolic control or ‘standard’ control. Over 5 years of follow-up, 
six patients in each group progressed to clinical albuminuria. Based 
on data from the DCCT and EDIC studies, it is plausible that the 
observation period of the Collaboration study was too short to ade-
quately test the potential benefits of initial treatment in this popula-
tion. Therefore, based on EDIC findings, early intensified metabolic 
control is recommended in daily clinical practice to protect patients 
with microalbuminuria from progression to overt nephropathy.

Type 2 diabetes
Over 8 years of follow-up, intensive metabolic control reduced the 
incidence of overt nephropathy (16% vs 40%) compared to stand-
ard control in normotensive, microalbuminuric type 2 diabetics 
included in the secondary-intervention cohort of the Kumamoto 
trial (Ohkubo et al., 1995; Shichiri et al., 2000). Along the same line, 
5-year intensive glycaemic control was associated with significantly 
slower progression to macroalbuminuria (2.9 vs 4.1%) compared 
to less intensive control in type 2 diabetics of the ADVANCE trial 
(Patel et al., 2008). A similar trend, although not significant, towards 
a reduced risk of progression to macroalbuminuria was observed 

in 1791 military veterans with type 2 diabetes from the Veterans 
Affairs Diabetes Trial (VADT), who were randomized to either 
intensive metabolic control or standard control (7.6% vs 12.1%, 
P = 0.1) (Duckworth et al., 2009). Interestingly, in the latter study, 
intensive blood glucose control allowed a statistically significant 
reduction in the risk of progressing from normo- to micro-, and 
then macroalbuminuria compared to standard control over 5 years 
of follow-up (2.9 vs 5.1%, P = 0.04). A recent meta-analysis of seven 
trials including 28,065 patients with type 2 diabetes, followed for 
2–15 years, confirmed that intensive glucose control significantly 
reduced the risk of progression to macroalbuminuria compared to 
less intensive control by 26% (Coca et al., 2012). Treatment effect 
was significant and the finding that, at meta-regression analysis, 
larger differences in HBA1c between intensive and conventional 
therapy at the study level associated with greater benefits, provided 
consistent evidence of a specific protective effect of intensified met-
abolic control against progression from micro- to macroalbuminu-
ria. On the other hand, the same meta-analysis failed to detect any 
protective effect of intensive glucose control on the risk for hard 
renal outcomes, including doubling of serum creatinine, ESRD, or 
death from renal causes.

Blood pressure targets
Existing trials on the role of different blood pressure targets on 
the progression from micro- to macroalbuminuria have been 
exclusively conducted in patients with type 2 diabetes. In the 
UKPDS 38, ‘intensive’ blood pressure control was associated with 
a non-significant 39% reduction in the risk of progression to mac-
roalbuminuria at 6  years (UKPDS Study Group, 1998). On the 
other hand, intensive blood pressure control halved the risk of 
overt nephropathy (18% vs 37%) in the normotensive cohort of 
the ABCD trial, an effect that was statistically significant (P = 0.02) 
(Schrier et  al., 2002). However, no benefit was observed in the 
hypertensive cohort of the same study (Estacio et al., 2000). Thus, 
whether intensified blood pressure control, without increasing the 
doses of RAAS inhibitors, is renoprotective per se in this context is 
uncertain.

RAAS inhibition
Type 1 diabetes
The European Microalbuminuria Captopril Study (Viberti et al., 
1994)  and the North American Microalbuminuria Study (Laffel 
et al., 1995) showed that ACEI therapy significantly reduced pro-
gression to persistent macroalbuminuria and preserved renal 
function compared to placebo in normotensive patients with type 
1 diabetes, microalbuminuria, and normal renal function. These 
findings were confirmed and extended by a meta-analysis of 12 tri-
als in 698 patients with type 1 diabetes and microalbuminuria fol-
lowed for at least 1 year showing that ACEIs reduced the incidence 
of macroalbuminuria by 62% and increased the rate of regression 
to microalbuminuria by threefold compared to placebo (The ACE 
Inhibitors in Diabetic Nephropathy Trialist Group, 2001). Of note, 
Parving and Hovind found that the prevention of macroalbuminu-
ria was also associated with a stabilization of kidney function for as 
long as 8 years (Parving and Hovind, 2002).

Type 2 diabetes
The beneficial effects of ACEIs in patients with type 2 diabetes 
and microalbuminuria were firstly demonstrated by Ravid and 
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co-workers in 1996 in a randomized trial showing that only 12% 
of the normotensive patients in the ACEI group developed overt 
nephropathy compared to 42% of those in the placebo group. Of 
note, albumin excretion rate remained stable in enalapril-treated 
patients over 7 years of follow-up (Ravid et al., 1996). A few years 
later, these pioneering findings were confirmed and extended by the 
larger Heart Outcomes Prevention Evaluation (HOPE) study, a ran-
domized clinical trial aimed at evaluating the cardioprotective effects 
of a 5-year treatment with the ACEI ramipril compared to placebo 
in > 9000 patients at increased risk of cardiovascular events (Yusuf 
et al., 2000). In the subgroup of 3577 patients with type 2 diabetes, 
those on ramipril had a significantly lower incidence (24%) of pro-
gression to macroalbuminuria compared to controls (HOPE Study 
Investigators, 2000). This effect was associated with a 22% decrease 
in the incidence of myocardial infarction, stroke, or death from car-
diovascular causes, despite a similar degree of blood pressure control 
in the two treatment arms. The first formal demonstration that overt 
DN can be prevented in type 2 diabetes, however, was provided by the 
IRbesartan in patients with type 2 diabetes and MicroAlbuminuria 
(IRMA 2)  study, a randomized clinical trial involving 590 hyper-
tensive diabetics with microalbuminuria (Parving et al., 2001). The 
study found that 2 years of treatment with irbesartan 300 mg daily 
achieved a threefold reduction in the incidence of macroalbuminuria 
compared to placebo, while a lower dose (150 mg/day) was remark-
ably less effective (Parving et al., 2001). Consistently, the Incipient 
to Overt: Angiotensin II Blocker, Telmisartan, Investigation on Type 
2 Diabetic Nephropathy (INNOVATION) study (Makino et  al., 
2007) found that in 527 Japanese subjects with type 2 diabetes and 
microalbuminuria randomized to telmisartan (40 or 80 mg) or pla-
cebo, 16.7% progressed to overt nephropathy in the 80 mg arm com-
pared to 22.6% in the 40 mg arm and 49.9% in the placebo arm over 
1.3 years of follow-up, a risk reduction that was highly significant in 
both telmisartan arms versus placebo. Of note, a lower rate of pro-
gression toward overt nephropathy was also observed in a subgroup 
of 163 normotensive patients, suggesting that the renoprotective 
effects of telmisartan were not fully explained by blood pressure low-
ering per se. The rates of reversion to normoalbuminuria (21.2% and 
2.8% of patients treated with telmisartan 80 and 40 mg, respectively) 
were similar to those observed in the IRMA 2 study with two differ-
ent doses of irbesartan.

The BENEDICT-B trial found that, in patients with type 2 diabe-
tes and microalbuminuria, ACEI therapy with trandolapril associ-
ated with rates of progression to macroalbuminuria similar to those 
achieved by full-dose irbesartan in IRMA 2, an effect that was not 
affected by combined treatment with verapamil. Of note, however, 
over the 4-year observation period approximately 50% of patients 
regressed from micro- to normoalbuminuria, an effect that was 
associated with a halved risk of fatal and non-fatal cardiovascular 
events (9.8% in regressors vs 18.9% in non-regressors) (Ruggenenti 
et al., 2011a). Blood pressure was comparable in both groups and 
ACEI therapy was identical. Thus, the observed differences in albu-
minuria and cardiovascular event rates between the two groups 
must necessarily reflect intrinsic patient characteristics that may 
affect their responsiveness to ACE inhibition.

Head-to-head comparisons
ACEIs versus ARBs
The Diabetics Exposed to Telmisartan and Enalapril (DETAIL) 
study, the only head-to-head, long-term comparison of ACE 

inhibition and ARB therapy in diabetic patients with renal involve-
ment, was designed to demonstrate that the renoprotective effects 
of the ARB telmisartan (80 mg/day) were not inferior to those of 
enalapril (10 mg/day) in type 2 diabetic patients with micro- or 
macroalbuminuria and hypertension (Barnett et  al., 2004). The 
primary efficacy variable was the change in the GFR, directly 
measured by iohexol plasma clearance technique, over 5 years of 
follow-up. Since at final analyses the lower boundary of the differ-
ence in GFR between the two treatment groups (−7.6 mL/min/1.73 
m2, in favour of enalapril) was greater than the predefined value of 
−10 mL/min/1.73 m2, the study authors concluded that telmisartan 
did not appear to be less effective than enalapril. However, GFR 
reduction at 5 years was 20% larger in the telmisartan group and 27 
out of the 120 patients on telmisartan (22.5%) had fatal or non-fatal 
cardiovascular events compared to 21 out of the 130 on enalapril 
(16.1%). Unfortunately, no statistics were provided to ascertain 
whether the above differences were significant. Independent of the 
above, considering the daily costs of the two medications (0.125 
euros for enalapril vs 1.026 for telmisartan), the cost-effectiveness 
of enalapril is largely superior to that of telmisartan, at least in this 
context.

RAAS blocking agents versus CCBs
CCBs differ in their effect on glomerular haemodynamics and 
UAER (Smith et al., 1998). Conventional dihydropyridine CCBs 
may induce vasodilation of afferent renal arterioles with little 
changes in the efferent arteriole diameter. At a given systemic blood 
pressure, the predominant pre-glomerular vasodilation results in 
increased glomerular perfusion pressure and increased intraglo-
merular pressure, that may impair, at least in theory, the sieving 
function of the glomerular filtration barrier (Bakris et al., 2004). 
Third-generation dihydropyridine CCBs, such as manidipine, bar-
nidipine, and lercanidipine, may induce vasodilation in both the 
afferent and the efferent arteriole. This results in increased perfusion 
but at lower glomerular pressure, an effect that, in theory, should 
translate into improved glomerular sieving function (Hayashi 
et al., 1996, 2003, 2007). Non-dihydropyridine CCBs (verapamil, 
diltiazem) may have renal haemodynamic effects similar to those 
of RAAS inhibitors, and small, older studies suggested that these 
agents could reduce proteinuria in patients with type 2 diabetes and 
nephropathy (Harris et al., 2006). Despite the above differences, the 
observations on the differential benefits of dihydropyridine and 
non-dihydropyridine CCBs are conflicting and of uncertain clini-
cal relevance (Griffin et al., 1999).

One of the first trials comparing the nephroprotective effects 
of ACEIs and dihydropyridine CCBs was published by Mimran 
and co-workers in 1988 (Mimran et al., 1988). In this study, which 
enrolled patients with type 2 diabetes, normal blood pressure, 
and microalbuminuria, first-generation dihydropyridine CCB 
nifedipine was found to associate with increases in UAER, while 
the ACEI captopril resulted in opposite effects (Mimran et  al., 
1988). In a subsequent study by Velussi and co-workers, 26 and 18 
hypertensive patients with type 2 diabetes with normo- or micro-
albuminuria, respectively, were randomly assigned to the ACEI 
cilazapril or the second-generation CCB amlodipine (Velussi 
et al., 1996). In the microalbuminuric subgroup, mean yearly GFR 
decline was similar in both treatment arms (2.15 ± 0.69 vs 2.33 
± 0.83 mL/min/1.73 m2, respectively). In addition, cilazapril and 
amlodipine lowered AER to a similar extent in both normo- and 
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microalbuminuric patients. A  subsequent trial showed that the 
ACEI lisinopril and the first-generation dihydropyridine CCB 
nifedipine were similarly effective in delaying the occurrence of 
overt proteinuria in 92 normotensive patients with type 1 diabetes 
and microalbuminuria followed for 3 years (Crepaldi et al., 1998). 
Overall, the above studies were too small to provide any conclu-
sive results on the antiproteinuric and renal effects of CCBs versus 
RAAS inhibitor therapy.

Two remarkable larger trials better clarified this issue. 
Third-generation dihydropyridine CCB lercanidipine and enalapril 
achieved a similar reduction in AER in 277 patients with type 2 
diabetes, hypertension, and persistent microalbuminuria from the 
DIAL (Diabete, Ipertensione, Albuminuria, Lercanidipina) trial 
over 9–12 months of follow-up (Dalla Vestra et al., 2004). ARBs and 
dihydropyridine CCBs were compared in the MicroAlbuminuria 
Reduction With VALsartan (MARVAL) study, wherein 332 patients 
with type 2 diabetes and microalbuminuria were randomized to 
either the ARB valsartan or the CCB amlodipine (Viberti et  al., 
2002). After 24 weeks, the UAER was 56% of baseline in the vals-
artan arm and 92% of baseline in the amlodipine arm (P < 0.001), 
despite a similar reduction in blood pressure values (systolic/
diastolic:  −11.2/6.6  mm Hg for valsartan, −11.6/6.5  mm Hg for 
amlodipine). In addition, reversion to normoalbuminuria was 
more frequent with valsartan than amlodipine (29.9% of patients 
versus 14.5%, P = 0.001). Thus, the above two trials confirmed that 
third-generation dihydropyridine CCBs may actually have an anti-
proteinuric effect similar to that of RAAS inhibitors, an effect that is 
not shared by older dihydropyridine CCBs. Whether this antipro-
teinuric effect may also translate into significant nephroprotection 
is unknown.

Combination therapies based on  
RAAS blocking agents
When high blood pressure associates with high glucose circulating 
levels, which almost invariably occurs in type 2 diabetes, in par-
ticular in the presence of renal involvement, these two risk factors 
synergistically interact to further accelerate end-organ damage and 
increase the risk of stroke, coronary heart disease, left ventricu-
lar hypertrophy, and ESRD. Thus, optimized control of diabetes 
and hypertension is of paramount importance in this population. 
Achieving blood pressure targets < 130/80  mmHg, however, is 
extremely difficult in type 2 diabetes, and blood pressure control is 
seldom on target, even when two or more blood pressure-lowering 
medications are used in combination. Poor compliance, in addi-
tion to intrinsic resistance to treatment, in particular in those with 
evidence of renal involvement, are the most frequent causes of 
treatment failure in this population. To address this issue, blood 
pressure-lowering combinations have been introduced in clinical 
use. Combination therapy may help in achieving a tighter blood 
pressure control with less risk of adverse effects, by using relatively 
small doses of two drugs in combination or selecting agents that 
counteract each other’s side effects (Prisant et al., 2003). A compre-
hensive analysis of 354 randomized trials of the five main catego-
ries of blood pressure-lowering drugs highlighted that, unlike the 
antihypertensive effects of drugs in combination, the prevalence 
of adverse effects is not additive (Law et al., 2003). In particular, 
single agents caused symptoms in 5.2% of participants compared 
to 7.5% of those who received combination treatment, which is 
significantly lower than the value of 10.4% with an additive effect. 

Target blood pressure is also achieved more rapidly and with less 
adverse events with fixed combinations compared to higher-dose 
monotherapy (Taylor, 2004). Fixed-dose combination therapy may 
also simplify the treatment regimen, thus improving compliance 
and preventing treatment failures caused by missed doses (Epstein 
and Bakris, 1996) and may also allow cost reductions to the health-
care systems (Taylor, 2004). On the other hand, fixed-dose combi-
nations do not allow easy dose adjustment (Williams et al., 2005; 
Frank, 2008). ACEI plus ARB, or ACEI/ARB plus diuretic or CCB 
have been so far the regimens most frequently tested in patients 
with type 2 diabetes.

ACEIs plus ARBs
Given the superior antiproteinuric effect of dual RAAS blockade 
compared to either drug alone (Kunz et al., 2008), treatment with 
both ACEIs and ARBs might be theoretically advisable in most 
patients with DN (Ruggenenti et al., 2009). In fact, the combina-
tion of ACEIs and ARBs inhibits the RAAS more effectively than 
either agent alone (Jacobsen et  al., 2003b). In patients receiving 
treatment with ACEIs, add-on ARB therapy inhibits the activity 
of angiotensin II produced via ACE-independent pathways, while 
in patients on ARB therapy the addition of ACE inhibition might 
limit compensatory angiotensin production induced by AT1 recep-
tor blockade. The above interactions probably explain why com-
bined therapy with an ACEI and an ARB decreased albuminuria 
significantly more than single-drug RAAS blockade in patients 
with type 1 diabetes and nephropathy (Jacobsen et al., 2002, 2003a). 
In the CAndesartan and Lisinopril Microalbuminuria (CALM) 
study (Mogensen et al., 2000), which randomized 199 hypertensive 
patients with type 2 diabetes and microalbuminuria to 12 weeks of 
monotherapy with candesartan or lisinopril, followed by 12 weeks 
of monotherapy or combination treatment, albuminuria decreased 
significantly more with combined treatment than with candesartan 
or lisinopril alone.

In the above-mentioned studies, however, dual RAAS blockade 
was associated with a superior antihypertensive effect compared 
with monotherapy. Thus, whether the superior antiproteinuric 
effect was the result of more effective RAAS inhibition with combi-
nation therapy or was just the consequence of more effective blood 
pressure reduction remained elusive. This issue was addressed in 
a crossover study that compared the antiproteinuric effect of fixed 
doses of benazepril and valsartan given alone with the antiprotein-
uric effect of halved doses of the two drugs given in combination 
to patients with non-diabetic CKD (Campbell et al., 2003). Dual 
therapy was associated with the greatest reduction in proteinuria. 
Blood pressure, however, was similarly reduced with each of the 
three treatments, indicating that the superior antiproteinuric effect 
of dual over single-drug RAAS blockade was actually due to more 
effective RAAS inhibition (Campbell et  al., 2003). Unpublished 
studies support these observations.

RAAS blocking agents plus diuretics
The rationale of ACEI/ARB plus diuretic combinations is based 
on evidence that ACEIs and ARBs, in addition to counterbalance 
diuretic-induced RAAS activation, or hypokalaemia/hypomag-
nesaemia, may have their antiproteinuric effect amplified by con-
comitant diuretic therapy, particularly in patients with high sodium 
intake (Reboldi et  al., 2009). Indeed, sodium intake may blunt 
the antiproteinuric effect of RAAS blocking agents (Vegter et al., 
2012), and the concomitant use of thiazide diuretics may overcome 
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this blunting effect (Buter et al., 1998). As salt sensitivity is more 
common in African Americans than in white people (Gibbs et al., 
1999), RAAS blocking agents plus diuretics may be especially use-
ful, wherein monotherapy with conventional doses of ACEIs or 
ARBs is often unsuccessful or marginally successful (Weinberger 
et al., 1985). Finally, ACEIs or ARBs may mitigate diuretic-induced 
alterations in glucose metabolism (Opie, 1999; Izzo et al., 2011). 
The advantages of combined therapy versus ACE inhibition mono-
therapy were confirmed by the Preterax in Albuminuria Regression 
(PREMIER), a trial of 457 patients with type 2 diabetes, hyperten-
sion, and microalbuminuria randomized to perindopril plus inda-
pamide (N = 233) or enalapril alone (N = 224) and followed for 52 
weeks (Mogensen et al., 2003). Perindopril plus indapamide sig-
nificantly reduced AER (by 42 versus 27%) and the rate of serious 
cardiovascular events (2.5 versus 6.3%) compared to ACEI alone, 
while tolerability was comparable between the two treatment arms. 
An obvious limitation of the above study is that the ACEI used as 
monotherapy was different from that used for the fixed combina-
tion, thus the theoretical possibility exists that differences between 
treatment groups could be explained by different effects of the two 
ACEIs, for instance because of the use of non-equivalent doses. 
A  nearly significant reduction in new or worsening nephropa-
thy was also observed in the perindopril-indapamide group of 
the ADVANCE trial, compared to placebo (RR reduction:  18%; 
P = 0.055) (Patel et al., 2007).

RAAS blocking agents plus CCBs
The combination of a RAAS blocking agent plus a CCB may pro-
vide consistent additional blood pressure reduction and, in some 
circumstances, additional favourable effects on glucose metabo-
lism, possibly mediated by improved insulin sensitivity, on top 
of the well-known benefits of RAAS inhibitor therapy (Ferrier 
et al., 1991; Rubio-Guerra et al., 2004). First, CCBs may produce 
vasodilation, thus enhancing skeletal muscle blood flow, insu-
lin and glucose delivery, and non-oxidative pathways of glucose 
utilization. Second, CCBs may also improve insulin sensitiv-
ity at the cellular level by decreasing the cytosolic-free calcium 
concentrations (Baron et al., 1988; Draznin et al., 1988). RAAS 
blockade may also counterbalance CCB-induced renin release, 
thus enhancing the antihypertensive effects of CCBs (Cheng and 
Frishman, 1998), and allow additional benefits on left ventricu-
lar hypertrophy, fibrinolytic balance, and arterial distensibility 
(Weir, 2007).

The renal- and cardioprotective effects of RAAS blocking agents 
plus CCBs have been tested in a number of clinical trials. In 309 
patients with type 2 diabetes, hypertension, and microalbuminu-
ria randomly assigned to the dihydropyridinic CCB amlodipine, 
the ACEI fosinopril, or both medications, combination treatment 
achieved a larger reduction in blood pressure values and AER 
compared to either drug alone over 4 years of follow-up (Fogari 
et al., 2002). In addition, regression from micro- to normoalbu-
minuria at 4 years was achieved in 67% of patients on combined 
therapy, a rate that significantly exceeded the 33% and 46% inci-
dence of regression observed with amlodipine or fosinopril 
monotherapy, respectively. These findings were not confirmed 
by subgroup analyses from the Study of Hypertension and the 
Efficacy of Lotrel in Diabetes (SHIELD), showing that benazepril 
plus amlodipine versus benazepril alone did not achieve any addi-
tional benefit on blood pressure control or AER reduction over 12 

weeks of follow-up (Winer et al., 2005). This substudy, however, 
was clearly underpowered to test treatment effect on considered 
outcomes, since only 20 patients were included. None of the above 
studies explored the effects of ACEIs plus CCBs on renal disease 
progression. To address this issue, the Delapril and Manidipine for 
Nephroprotection in Diabetes (DEMAND) trial (Ruggenenti et al., 
2011b) evaluated the rate of GFR decline, measured by iohexol 
plasma clearance, in 380 hypertensive patients with type 2 diabe-
tes and normo- or microalbuminuria, randomly allocated to del-
april plus manidipine, delapril alone, or placebo. Data showed that 
the monthly rate of GFR decline was similar on combined therapy 
(0.32 mL/min/1.73 m2), delapril (0.36 mL/min/1.73 m2), or pla-
cebo (0.30 mL/min/1.73 m2). Independent of the above findings, 
this trial provided the novel information that, even before the onset 
of overt nephropathy, type 2 diabetics have a rate of renal function 
loss that exceeds by three to six times the rate reported in healthy 
subjects. Failure to slow GFR decline by any considered treatment 
compared to placebo highlighted the need for early intervention 
with novel treatments targeting potential mediators of accelerated 
renal function loss already at the stage of normo- or microalbumi-
nuria (Ruggenenti et al., 2011b). On the other hand, combination 
therapy safely reduced cardiovascular events, ameliorated retin-
opathy and neuropathy, and also limited the worsening of insulin 
resistance over time. Overall, the above trials provided evidence 
that RAAS inhibitor plus CCB combinations may offer renal advan-
tages compared to either drug alone. Only one study, however, eval-
uated the effects of different doses of the individual components of 
the combination in 300 patients with type 2 diabetes, hypertension, 
and microalbuminuria, initially treated with telmisartan 40 mg/day 
plus amlodipine 2.5 mg/day (Fogari et al., 2007), then randomized 
to two-dose titration regimens, one based on increasing doses of 
telmisartan (up to 160 mg daily) and a fixed dose of amlodipine 
(2.5 mg/day), the other one based on increasing doses of amlodi-
pine (up to 10 mg daily) and a fixed dose of telmisartan (40 mg/
day). Data showed that, at similar levels of blood pressure reduc-
tion, a greater decrease in AER was evident in subjects treated with 
increasing doses of telmisartan.

More recently, RAAS inhibitor-based combinations, including 
either a diuretic or a CCB, have been evaluated in head-to-head 
comparisons in hypertensive type 2 diabetics with microalbuminu-
ria. In the Gauging Albuminuria Reduction with Lotrel in Diabetic 
Patients with Hypertension (GUARD) trial (Bakris et al., 2008b), 
1-year benazepril/amlodipine and benazepril/hydrochlorothi-
azide (HCTZ) combinations achieved a similar reduction in uri-
nary ACR compared to baseline and similar rates of progression 
to overt DN. However, while benazepril plus amlodipine achieved 
a larger reduction in blood pressure values, initial treatment with 
benazepril plus HCTZ resulted in a greater reduction in albuminu-
ria. On the other hand, available data suggest that third-generation 
CCBs may have an antiproteinuric effect similar to that of ACEIs 
and ARBs. For instance, in the Add-on manidipine versus amlodi-
pine in diabetic patients with hypertension and microalbuminuria 
(AMANDHA) trial (Martinez-Martin et al., 2008), manidipine on 
top of full-dose treatment with RAAS inhibitors reduced the AER 
by 65.5% versus 20% with amlodipine add-on. Thus, the addition 
of manidipine resulted in a larger reduction in the UAER com-
pared to amlodipine despite similar blood pressure reductions. The 
different antiproteinuric effects of second- and third-generation 
dihydropyridine CCBs may also explain the striking difference 
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between the GUARD trial, wherein benazepril plus HCTZ allowed 
a greater reduction in AER than benazepril plus amlodipine, and 
another recently published trial in hypertensive type 2 diabet-
ics, showing that third-generation dihydropyridine CCB manidi-
pine on top of the ARB candesartan reduced the urinary albumin 
excretion by 53%, while thiazide diuretic add-on was ineffective 
(Fogari et al., 2007). The novel concept of a potential superiority 
of RAAS blocking agents plus CCBs versus RAAS inhibitors plus 
diuretics has also been suggested and expanded to cardiovascular 
outcomes by the publication of additional data from the Avoiding 
Cardiovascular Events through Combination Therapy in Patients 
Living with Systolic Hypertension (ACCOMPLISH) trial (Bakris 
et al., 2010; Weber et al., 2010), showing that in patients at high risk 
for cardiovascular events and with different degrees of albuminu-
ria, the ACEI benazepril plus the dihydropyridine CCB amlodipine 
almost halved the incidence of the renal endpoint of 50% or more 
increase in serum creatinine and significantly reduced the first 
occurrence of a cardiovascular event or death from cardiovascu-
lar causes compared to benazepril plus HCTZ. The cardiovascular 
benefits of benazepril plus amlodipine were particularly evident in 
a subgroup of high-risk diabetics with history of cardiovascular or 
renal events, independent of haemodynamic effects. However, the 
hypothesis that a RAAS blocking agent, combined with a second- 
or third-generation CCB rather than HCTZ, may be the first-choice 
combination in high-risk diabetic patients, such as those with renal 
involvement, deserves further scrutiny. This is especially true for 
renal endpoints observed in ACCOMPLISH, as benazepril plus 
HCTZ induced an acute haemodynamic change in GFR within 12 
weeks, while benazepril plus amlodipine slightly increased GFR. 
However, the subsequent long-term slope was similar between the 
two treatment groups. Moreover, the composite renal endpoint 
in ACCOMPLISH (Bakris et al., 2010) was completely driven by 
the doubling of serum creatinine, which might reflect a reversible 
haemodynamic change in GFR, with no difference in the rate of 
ESRD (Heerspink et al., 2010).

Preventing or slowing progression to ESRD
Protein restriction
More than 60  years ago, Addis hypothesized that renal disease 
progression could be ameliorated by reducing the burden of 
excretory nitrogen through dietary protein restriction (Addis, 
1948). Micropuncture studies in the 1980s actually found that 
dietary protein restriction abrogates the adaptive rise in glo-
merular pressure, thereby slowing the tendency to disease pro-
gression in hyperfiltering kidneys of rats with reduced nephron 
mass (Hostetter et al., 1981) as well as in experimental diabetes 
(Zatz et  al., 1985) and mineral-corticoid induced hypertension 
(Dworkin et al., 1984). Results of dietary manipulation studies in 
humans, in whom blood pressure tends to be well controlled and 
ACE inhibitors used, have not been so clear-cut. This is discussed 
further in Chapter 101. 

Thus, whether and to what extent protein intake restriction 
should be recommended to slow progression in type 2 diabetic 
patients with advanced renal disease is still uncertain. Conceivably, 
a controlled protein intake approximating 0.8 g/kg body weight/
day could be suggested, combined with a low-salt intake (Vegter 
et al., 2012), to avoid the side effects of nitrogenous waste products 
without increasing protein catabolism.

Metabolic control
While the pivotal role of metabolic control in preventing the 
onset and progression of DN in subjects with normo- or microal-
buminuria is now well established (Coca et al., 2012), the impact 
of glycaemic control on progression from macroalbuminuria 
to ESRD is less clear. The beneficial influence of intensive meta-
bolic control in patients with type 1 (Hovind et al., 2001; Rossing 
et al., 2002) or type 2 diabetes (Rossing et al., 2004) is suggested by 
observational studies, but evidence from prospective intervention 
studies has been scant. In 2011, De Boer and co-workers evaluated 
time-dependent changes in estimated (by the CKD-EPI equation) 
GFR in a large cohort of patients with type 1 diabetes included in 
the DCCT trial and subsequently monitored in the EDIC study 
(Perkins, 2012). They found that intensive metabolic control com-
pared to conventional therapy reduced the risk of impaired GFR 
(defined as eGFR < 60 mL/min/1.72 m2) and the combined out-
come of impaired GFR or death. Intensive metabolic control was 
associated with faster GFR decline during DCCT, but with slower 
decline during the EDIC study. On the basis of these findings, the 
study authors concluded that in patients with type 1 diabetes, early 
glycaemic control may help in preventing renal function impair-
ment in the long term. Unfortunately, intensive glycaemic control 
did not achieve a statistically significant reduction of ESRD com-
pared to standard control. Along the same line, intensive glucose 
control did not reduce the risk of doubling of serum creatinine 
(RR 1.06, 95% confidence interval (CI) 0.92–1.22) or death from 
renal disease in a recent systematic review of seven trials involving 
28,065 patients with type 2 diabetes (Coca et al., 2012). There was 
a non-significant trend towards reduction of ESRD, that apparently 
contrasts with the null findings for the endpoints of doubling of 
serum creatinine or death from renal disease. However, the abso-
lute rate of clinical renal outcomes in the included studies was 
relatively low, and the pooled cumulative incidence of doubling of 
serum creatinine and ESRD was only 4.1% and 1.6%, respectively, 
in the standard treatment group of all trials. In light of the low inci-
dence of these endpoints, intensive glucose control could not be 
justified given the risks of hypoglycaemia, the minimal impact on 
cardiovascular outcomes, and the potential increased risk of death 
(Gerstein et al., 2008). Several reasons may explain the discourag-
ing results of the meta-analysis. It is likely that early intensive meta-
bolic control is necessary to improve long-term renal outcomes of 
diabetic subjects, while a late start of intensive control is unable to 
halt the progression of diabetic kidney disease. It is also possible 
that the duration or the magnitude of intensive glucose control may 
have been inadequate to reduce progression. In conclusion, the 
meta-analysis of Coca and co-workers underscores that intensive 
metabolic control does not reduce the risk of doubling of serum 
creatinine or death from renal disease in patients with DN; in addi-
tion, intensive glucose control would reduce the absolute risk of 
ESRD of < 1% in the best-case scenario. Thus, available evidence 
does not support the use of intensive glycaemic control for prevent-
ing renal failure in diabetic patients with macroalbuminuria.

Blood pressure reduction
It is well established that RAAS inhibitors have a specific reno-
protective effect in patients with type 2 diabetes and overt DN, 
independent of blood pressure control (Brenner et  al., 2001; 
Lewis et  al., 2001). However, whether RAAS inhibition can be 
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enhanced by intensified blood pressure control in this popula-
tion is unclear. In patients with type 1 diabetes and DN, who had 
previously participated in the Angiotensin-Converting Enzyme 
Inhibition in Diabetic Nephropathy Study, intensive blood pres-
sure control, targeting mean arterial pressure (MAP) < 92 mmHg 
(with more intense RAAS inhibition), decreased proteinuria and 
reduced GFR progressive deterioration more effectively than 
standard blood pressure control (MAP of > 100 to < 107 mmHg) 
(Lewis et al., 1999), suggesting that intensive blood pressure con-
trol combined to ACEI therapy not only contributed to arrest 
renal disease progression, but also provided clinical evidence 
of regression/remission of renal disease. However, whether the 
treatment effect was explained by intensified blood pressure con-
trol or rather by more effective RAAS inhibition, or both, cannot 
be definitely established.

The role of intensive blood pressure control in patients with 
type 2 diabetes and overt nephropathy has been evaluated in 
a predefined post hoc analysis of the Reduction of Endpoints in 
Non-insulin-dependent diabetes mellitus with the Angiotensin 
II Antagonist Losartan (RENAAL) study (Bakris et al., 2003). In 
this study, a systolic blood pressure of < 130 mmHg was associ-
ated with a significant reduction in the risk of the composite pri-
mary endpoint of doubling of serum creatinine, ESRD or death 
when compared with systolic blood pressure values > 140 mmHg. 
Similarly, diastolic blood pressure < 70  mmHg were associated 
with a reduced risk of reaching the primary endpoint when com-
pared to diastolic blood pressure > 90 mmHg. It is worth men-
tioning, however, that intensive blood pressure control was not 
associated with any appreciable benefit on hard renal outcomes 
in patients with non-diabetic nephropathies from the MDRD, 

AASK, and REIN-II trials (Klahr et al., 1994; Wright et al., 2002; 
Ruggenenti et al., 2005).

RAAS inhibition
In both type 1 and type 2 diabetes, RAAS inhibitor therapy is 
invariably associated with a significant reduction in urinary pro-
tein excretion that translates into significant renoprotection (The 
ACE Inhibitors in Diabetic Nephropathy Trialist Group, 2001; 
Remuzzi et al., 2002b). The antiproteinuric effect is largely medi-
ated by an improved sieving function of the glomerular barrier 
that translates into reduced protein traffic and nephrotoxicity 
(Remuzzi et al., 2006; Cravedi et al., 2012). Further, the improved 
glomerular sieving function also results in an improved selectiv-
ity of proteinuria with a remarkably reduced excretion of proteins 
larger than albumin (Fig. 149.9, left panel), a finding explained 
by improved size-selective function of the glomerular barrier 
(Fig. 149.9, right panel).

Type 1 diabetes
A pioneering study published by Taguma and co-workers in 1985 
(Taguma et al., 1985) showed that captopril at doses that did not 
affect systemic blood pressure allowed the regression of nephrotic 
syndrome in 10 uraemic patients with overt DN. In the late 1980s 
and early 1990s, randomized clinical studies from Scandinavian 
groups (Parving et al., 1988; Bjorck et al., 1992) showed that GFR 
decline was slower in patients with type 1 diabetes on ACEI therapy 
than controls on non-ACEI therapy. In 1993, the Collaborative Study 
(Lewis et al., 1993) found that 3 years of captopril treatment were 
associated with a blood-pressure independent 50% reduction of the 
combined endpoint of doubling of serum creatinine, ESRD or death 
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Fig. 149.9 Left panel: urinary protein electrophoresis in a subject with proteinuric nephropathy before (ACEI NO) and after (ACEI YES) ACEI treatment. ACEI therapy 
reduced 24-hour proteinuria from 900 to 280 mg and improved urinary protein selectivity, as shown by the relative increase in urinary albumin compared to other 
urinary proteins. Right panel: Fractional clearances of neutral dextrans in 24 patients with proteinuric nephropathy before (ACEI NO) and after (ACEI YES) ACEI therapy. 
ACEI therapy reduced proteinuria and improved the size selective function of the glomerular barrier.
Reprinted by permission from Macmillan Publishers Ltd: Kidney International, Ruth Campbell, Fabio Sangalli, Elena Perticucci, Claudio Aros, Cecilia Viscarra et al., Effects of combined ACE inhibitor 
and angiotensin II antagonist treatment in human chronic nephropathies, 63/3, copyright 2003.
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compared to placebo in 409 patients with type 1 diabetes, albumi-
nuria > 500 mg per day and serum creatinine < 221 micromol/L 
(< 2.5 mg/dL). Captopril therapy also halved the risk of cardiovas-
cular mortality, which provided the first evidence that ACEIs have a 
specific cardioprotective effect in patients with diabetes.

Type 2 diabetes
Approximately 10  years later, the RENAAL trial (Brenner et  al., 
2001) and the Irbesartan in Diabetic Nephropathy Trial (IDNT) 
(Lewis et  al., 2001)  showed that ARB therapy versus placebo 
decreased the incidence of the composite endpoint of doubling of 
serum creatinine concentration, ESRD, or death by 16% and 20%, 
respectively, in two large cohorts of patients with type 2 diabetes 
and overt nephropathy. Again, renoprotection was associated with 
a significant reduction in urinary protein excretion, that remained 
significant even after adjustment for the small differences in blood 
pressure control between treatment groups. Independent of treat-
ment allocation, both trials showed that early reduction in urinary 
protein excretion was associated with a slower decline of renal 
function in the long term.

Of note, however, treatment effect on considered endpoints was 
remarkably smaller in RENAAL (Brenner et al., 2001) and IDNT 
(Lewis et al., 2001) than in the Collaborative Study Group (Lewis 
et al., 1993), despite patients from the above studies having simi-
lar renal function and proteinuria at the beginning of the study 
(Table 149.5).

Whether the different effect might reflect a different response 
to therapy in patients with type 2 or type 1 diabetes with overt 
nephropathy or rather a larger efficacy of ACEIs on considered out-
comes is matter of speculation.

The above studies also provided important insights on the car-
dioprotective effects of RAAS blocking agents in patients with type 
2 diabetes and overt nephropathy, showing that early reduction in 
albuminuria was also associated with less long-term cardiovascu-
lar mortality (de Zeeuw et al., 2004). A recent post hoc analysis of 
the combined data from the RENAAL and the IDNT trials suggests 
that albuminuria and blood pressure may represent independent 
targets for cardioprotective therapy in this population (Holtkamp 
et al., 2011). RAAS inhibitors were associated with a variable and 
discordant reduction in systolic blood pressure and UAE, and 

34.5% of patients either had a reduction in systolic blood pressure 
but no reduction in albuminuria, or vice versa, indicating a sub-
stantial discordance in response in these parameters. Of note, the 
initial reduction in systolic blood pressure or albuminuria—from 
baseline to 6 months—independently correlated with cardiovascu-
lar protection. After 6 months, a progressively lower cardiovascular 
risk was observed with lower UAE, across all categories of systolic 
blood pressure. These data suggest the importance of titrating treat-
ment not only to blood pressure, but also to urinary albumin, in 
order maximize renal and cardiovascular benefits.

Head-to-head comparisons
Comparisons between different ARBs
The A comparison of telMisartan versus losArtan in hypertensive 
type 2 DiabEtic patients with Overt nephropathy (AMADEO) 
study aimed to investigate whether a highly lipophilic ARB with 
a long half-life, telmisartan, would offer better nephroprotection 
than a less lipophilic agent with a shorter half-time, losartan, in 
the presence of a similar degree of blood pressure control (Bakris 
et al., 2008a). Eight hundred and sixty patients with type 2 diabetes, 
hypertension, and overt nephropathy were randomized to either 
telmisartan (40–80 mg/day) or losartan (50–100 mg/day) and fol-
lowed for 52 weeks. The primary endpoint was the difference in 
urinary ACR at 52 weeks. Telmisartan achieved a greater reduction 
in albuminuria than losartan (−29.8% vs −21.4%). In contrast to 
these findings, however, the inVestIgate the efficacy of telmisartan 
versus VALsartan in hypertensive type 2 DIabetic patients with 
overt nephropathy (VIVALDI) study (Galle et  al., 2008) did not 
find any differences in proteinuria reduction between telmisartan 
and valsartan in 885 hypertensive patients with type 2 diabetes and 
overt nephropathy. The above apparent inconsistency was likely 
explained by the fact that a non-significant trend for lower systolic 
blood pressure values (about 2 mmHg) was evident in the telmisar-
tan group of the AMADEO trial, while blood pressure control was 
similar between the two groups of the VIVALDI study. Evidence 
that even small differences in blood pressure control may result in 
significant differences in cardiovascular events supports that the 
above finding could actually be explained by the observed difference 
in systolic blood pressure (Verdecchia et al., 2010). Alternatively, 

Table 149.5 Main randomized controlled trials with ACEIs or ARBs in patients with type 1 or type 2 diabetes and overt nephropathy.

Study name 
(reference)

Year Study 
population

Study drug Primary endpoint Patients with endpoint/total 
patients (%)

Hazard ratio of 
endpoint with use of 
RAAS inhibitor (95% CI)

P

Treatment group Placebo group

Collaborative Study 
Group (Lewis et al., 
1993)

1993 Type 1 
diabetes

Captopril Doubling of serum 
creatinine

25/207 (12%) 43/202 (21%) 0.52 (0.16–0.67) 0.007

RENAAL (Brenner 
et al., 2001)

2001 Type 2 
diabetes

Losartan Doubling of serum 
creatinine, ESRD, 
or death

327/751 (44%) 359/762 (47%) 0.84 (0.72–0.98) 0.02

IDNT (Lewis et al., 
2001)

2001 Type 2 
diabetes

Irbesartan Doubling of serum 
creatinine, ESRD, 
or death

189/579 (33%) 222/569 (39%) 0.81 (0.67–0.99) 0.03

RSRD = end-stage renal disease; RAAS = renin–angiotensin–aldosterone system.
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telmisartan and valsartan are similarly effective on considered out-
comes, whereas losartan has a lower antiproteinuric effect.

RAAS blocking agents versus other drugs
Twenty-three years ago, 30 patients with diabetes and overt protein-
uria were randomized to either enalapril 40 mg/day or nifedipine 
40 mg/day (Ferder et al., 1992). All patients were on hypoproteic 
diet (0.8 g/kg/day). After 1 year of treatment, mean proteinuria sig-
nificantly fell from 4.36 to 0.56 g/24 hours in the enalapril group, 
but did not change in the nifedipine group. Furthermore, creatinine 
clearance remained stable in the enalapril group, but fell signifi-
cantly from 67.8 mL/min to 51.4 mL/min in patients treated with 
nifedipine. Similar findings on proteinuria were observed in a sub-
sequent open-label study in patients with type 2 diabetes and overt 
nephropathy randomized to the ARB losartan (N = 44) or the dihy-
dropyridine CCB amlodipine (N = 43) for a 12-week titration phase 
followed by a 12-week maintenance phase. Although both drugs 
significantly reduced blood pressure values, only losartan signifi-
cantly decreased 24-hour UAER (from 810 to 570 mg/day), while 
proteinuria did not change in the amlodipine group (Yasuda et al., 
2005). Consistently, ACEIs generally exerted superior antiprotein-
uric action also in head-to-head comparisons with beta-blockers 
(Nielsen et al., 1994).

The specific renoprotective effects of ACEIs and ARBs were 
evaluated by a meta-analysis of trials comparing renal outcomes in 
heterogeneous populations of patients who had been randomized 
to RAAS inhibition or other antihypertensive agents (Casas et al., 
2005). Pooled results from small studies showed that RAAS block-
ade had beneficial effects on renal outcomes in high-risk patients 
with diabetic or non-diabetic chronic nephropathies; by contrast, 
pooled results from large cardiovascular trials showed no or small 
benefit of RAAS blockade on renal outcomes in low-risk patients 
with no evidence of renal disease. Even with the above limitations, 
however, overall data showed that ACEIs or ARBs significantly low-
ered the risk of ESRD by 13% and the risk of a doubling of serum 
creatinine by 29% compared to other antihypertensive drugs. This 
risk reduction could not be explained by differences in blood pres-
sure control, and its magnitude was similar to that observed for car-
diovascular events (Remuzzi and Ruggenenti, 2006). The finding 
that ACEIs and ARBs reduced albuminuria more effectively than 
non-RAAS-inhibitor therapy in almost 5000 patients with diabetes, 
without differences in systolic and diastolic blood pressure between 
treatment groups and independent of albuminuria levels at inclu-
sion, provided additional evidence of the specific antiproteinuric 
and renoprotective effect of those medications (Casas et al., 2005).

ACEIs plus ARBs
Dual RAAS inhibition using maximally tolerated doses of ACEIs 
and ARBs combined with intensified blood pressure, metabolic, 
and lipid control (the ‘Remission Clinic’ approach) achieved the 
remission or regression of proteinuria (< 0.3 or greater or equal to 
0.3 and < 1 g/24 hours, respectively) and stabilized or improved the 
GFR in 26 of 56 non-diabetic patients who had nephrotic-range 
proteinuria refractory to treatment with conventional antihyper-
tensive doses of an ACEI (Ruggenenti et al., 2008b). Further reduc-
tion of proteinuria and slower GFR decline were also achieved in 
non-diabetic patients without remission or regression, even if treat-
ment effect was smaller in this subgroup. Over 4 years of follow-up, 
only 2 of the 56 patients treated according to the Remission Clinic 
protocol progressed to ESRD compared with 17 of 56 reference 

patients matched by gender, age, and urinary protein excretion and 
receiving conventional ACEI therapy (Ruggenenti et  al., 2008b). 
The renoprotective effect associated with the Remission Clinic 
approach was modest, however, in patients with type 2 diabetes. 
Despite use of intensified and multidrug treatment, follow-up sys-
tolic blood pressure largely exceeded the target in most patients, 
which might, at least in part, have offset the antiproteinuric and 
renoprotective effect of RAAS inhibition in this population.

This is consistent with the findings of a recent trial in patients 
with type 2 diabetes and advanced DN and poor metabolic control, 
showing that combination treatment with enalapril plus losartan 
did not achieve any additional benefits on proteinuria compared to 
enalapril alone and did not affect urinary inflammatory cytokines 
(MCP-1, TGF-beta, and VEGF) (Titan et al., 2011). In the recently 
published Olmesartan Reducing Incidence of End Stage Renal 
Disease in Diabetic Nephropathy Trial (ORIENT) study (Imai 
et al., 2011), 577 patients (377 Japanese, 200 Chinese) with type 
2 diabetes and overt nephropathy were randomized to either the 
ARB olmesartan or placebo. The primary outcome was a compos-
ite of doubling of serum creatinine, ESRD, chronic dialysis, trans-
plantation and death. Only 70% of included patients were already 
treated with RAAS inhibitor therapy, despite consolidated evidence 
that RAAS inhibitors have a significant renoprotective effect in this 
population. After 3.2 years of follow-up, similar number of patients 
in the olmesartan and placebo group (hazard ratio (HR) 0.97, 95% 
CI 0.75–1.24, P = 0.791) progressed to the primary composite out-
come showing no effect of the intervention on this population. Of 
interest, cardiovascular deaths were higher in the olmesartan than 
in the placebo arm (10 vs 3 cases), despite larger blood pressure and 
proteinuria reduction in the olmesartan group (major adverse car-
diovascular events and all-cause deaths were similar between the 
two groups). As expected, hyperkalaemia was more common in the 
olmesartan than the placebo group (9.2% vs 5.3%). The ORIENT 
study had several limitations. In particular, there was a strong 
imbalance of pre-existing cardiovascular disease between the olm-
esartan and placebo arms, as about twice as many patients assigned 
to the olmesartan group had a history of cardiovascular disease 
than in the placebo group, which might have partly explained the 
excess incidence of cardiovascular events in the olmesartan group.

The recently published VA NEPHRON D trial (Fried et al., 2013), 
which enrolled 1448 subjects with type 2 diabetes and overt pro-
teinuria in spite of full-dose ARB therapy, investigated the effects 
of dual RAAS blockade compared to ARB monotherapy on a pri-
mary composite endpoint of changes in eGFR, ESRD, or death and 
a secondary endpoint of reduction in eGFR or ESRD. Study data 
showed a non-significant trend toward a benefit from dual block-
ade on both the primary (HR 0.88; 95% CI 0.70–1.12; P = 0.3) and 
the secondary end point (HR 0.78; 95% CI 0.58–1.05, P = 0.10). 
On the other hand, combination treatment versus single RAAS 
blockade increased the risk of hyperkalemia or acute kidney injury, 
which caused the early termination of the trial after only 2.2 years, 
compared to a planned follow-up time in the original protocol of 
up to 5 years. Such increased risk was likely due to the up-titration 
scheme of RAAS blocking agents, that was driven by the absence 
of unacceptable adverse events rather than any predefined thresh-
old of decrease in ACR and/or BP values; in addition, no baseline 
screening for mono- or bilateral stenosis of the renal artery was 
actually performed. The early termination of the trial prevented 
the demonstration of a clear-cut relationship between dual RAAS 
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blockade and a lower risk of ESRD, that nevertheless nearly reached 
formal statistical significance (HR 0.66, i.e. a 34% risk reduction; 
P = 0.07).

Two ongoing randomized trials, VALID and VARIETY 
(ClinicalTrials.gov registry numbers NCT00494715, <http://
clinicaltrials.gov/ct2/show/NCT00494715> and NCT00503152, 
<http://clinicaltrials.gov/ct2/show/NCT00503152>, respectively), 
will formally address whether dual RAAS blockade results in more 
efficient protection against progression to ESRD than single-drug 
RAAS inhibition in patients with type 2 diabetes and overt 
nephropathy (VALID) or against the development of microalbumi-
nuria or CV events in high-risk patients with type 2 diabetes and 
normoalbuminuria (VARIETY).

The ONTARGET issue
Since the renoprotective effect of RAAS inhibitors is largely 
explained by their antiproteinuric effect, it is reasonable to predict 
that these drugs will not offer specific nephroprotective effects in 
patients with non-proteinuric renal disease (Maschio et al., 1996; 
Locatelli et  al., 1997; Ruggenenti and Remuzzi, 2009). Actually, 
those patients would be unnecessarily exposed to the risks asso-
ciated with RAAS inhibition, which include hyperkalaemia and 
acute renal function deterioration (Ruggenenti et  al., 2009); 
such events are particularly common in elderly individuals and 
in patients with type 2 diabetes and decreased GFR and/or renal 
vascular disease (Takaichi et al., 2007). The risks of these adverse 
effects are even increased when RAAS inhibition is maximized 
with combined ACE inhibition and ARB therapy, as shown by the 
ONgoing Telmisartan Alone and in combination with Ramipril 
Global Endpoint Trial (ONTARGET) (Mann et  al., 2008). This 
study randomly assigned 25,620 patients with established athero-
sclerotic vascular disease, including 6982 individuals with diabetes 
and end-organ damage, to ramipril, telmisartan, or a combination 
of the two. Over 56 months of follow-up, the incidence of cardio-
vascular events was similar in the three treatment groups, whereas 
the pre-specified composite outcome of any dialysis, renal trans-
plantation, a doubling of serum creatinine, or death occurred more 
frequently in patients on combination treatment than in those 
on telmisartan or ramipril alone. The finding that the increased 
reduction in proteinuria achieved with combined therapy was 
associated with an increase in the number of these adverse events 
has been misleadingly interpreted as a need for the reappraisal 
of proteinuria as a suitable surrogate endpoint for improvement 
in renal function in CKD patients (Epstein, 2009). In actual fact, 
however, the excess of adverse renal outcomes on combination 
treatment was significant only for the more frequent need for acute 
haemodialysis to treat transient kidney dysfunction in patients on 
combination therapy. Conceivably, this increased need for acute 
haemodialysis largely reflected transient kidney hypoperfusion 
in patients with excessive blood-pressure reduction, hypovolae-
mia, or ischaemic kidney disease, that improved with treatment 
withdrawal. Conversely, incidence of doubling of serum creati-
nine and ESRD events was similarly rare in all groups, reflecting 
the remarkably slow rate of renal function loss that, independent 
of treatment allocation, was close to that observed in the general 
population as a result of ageing (Lindeman et al., 1985). The slow 
rate of renal function loss can be largely explained by the fact that 
only 4% of patients had overt proteinuria and may also explain 
why RAAS inhibition did not seem to improve renal outcomes 

in this population. Thus, in patients at increased cardiovascu-
lar risk but without significant proteinuria, including those with 
nephroangiosclerosis or ischaemic kidney disease (the majority of 
patients with CKD), maximal RAAS inhibition does not seem to 
improve renal and cardiovascular outcomes and is associated with 
an increased risk of adverse effects. ACEIs and ARBs seem to have 
similar reno- and cardioprotective effects in this population that 
are not enhanced by their combination.

RAAS blocking agents plus CCBs
The potential benefits of combination therapy with RAAS block-
ing agents plus CCBs in patients with type 2 diabetes, hyperten-
sion, and overt proteinuria have been initially supported from a 
small and open-label study showing that verapamil plus trandola-
pril achieved a larger reduction in proteinuria and less adverse 
events compared to either drug alone or HCTZ plus guanfacine 
over 1 year of follow-up (Bakris et al., 1992). Similarly, verapamil 
plus trandolapril achieved more proteinuria reduction than either 
drug alone in patients with type 2 diabetes and overt nephropa-
thy (Bakris et al., 1998). In the subgroup of patients with DN from 
the recent Cilnidipine versus Amlodipine Randomised Trial for 
Evaluation in Renal Disease (CARTER) study (Fujita et al., 2007), 
enrolling patients with hypertension, kidney disease, and pro-
teinuria, already treated with background RAAS inhibitor therapy, 
cilnidipine achieved a greater reduction in the absolute value of 
urinary protein to creatinine ratio than amlodipine over 1 year of 
treatment.

Novel therapeutic perspectives
Direct renin inhibition
The beneficial effects of RAAS inhibition can be blunted by the 
increased release of renin that results from the positive feedback 
loop associated with the AT1 inhibition, which occurs with ACEI 
or ARB therapy (Estacio, 2009). As renin catalyses the first and 
rate-limiting step of the RAAS cascade, inhibition of renin seems 
to be a sensible approach to block this loop during downstream 
blockade of the RAAS. Moreover, data indicate that renin inhibi-
tors exert direct angiotensin-independent effects through prorenin 
receptors (Nguyen et al., 2002, 2008) expressed in the heart, liver, 
placenta, brain, and kidney. Overexpression of these receptors has 
been associated with elevated blood pressure and plasma aldoster-
one levels, and increased prorenin levels are associated with micro-
vascular complications of diabetes (Estacio, 2009).

Blocking prorenin binding to the prorenin receptor has been 
shown to prevent renal damage in streptozotocin-induced diabetic 
rats (Ichihara et al., 2004). When aliskiren, a human renin inhibitor 
that is effective when administered orally (Eder et al., 2007), was 
developed for clinical use, it enabled the renoprotective effect of 
renin inhibition to be tested in humans with diabetic renal disease 
(Estacio, 2009). In 15 patients with type 2 diabetes and microal-
buminuria or macroalbuminuria, treatment with aliskiren (300 mg 
per day) for 28 days was associated with a 44% decrease in urinary 
ACR and a 6–8 mmHg reduction in systolic blood pressure com-
pared with baseline values (Estacio, 2009). A subsequent crosso-
ver study found that 2 months of treatment with aliskiren (300 mg 
per day) or irbesartan (300 mg per day) reduced albuminuria to a 
similar extent in 26 patients with type 2 diabetes and hypertension, 
and that use of the two drugs in combination was associated with 
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a greater decrease in albuminuria than use of either agent alone 
(Persson et al., 2009).

The Aliskiren in the eValuation of prOteinuria In Diabetes 
(AVOID) trial (Parving et  al., 2008)  was a randomized, 
double-blind, placebo-controlled, multinational study that aimed 
to evaluate the antiproteinuric effect of aliskiren (300 mg per 
day) in 599 hypertensive patients with type 2 diabetes and overt 
nephropathy on chronic treatment with losartan (100 mg per day 
for at least 1 month). Treatment with aliskiren was associated with 
a 20% reduction in albuminuria after 24 weeks of follow-up, com-
pared with no change with placebo. Moreover, a reduction in uri-
nary ACR of 50% or more occurred in 25% of patients on aliskiren 
compared with 12.5% of patients on placebo. Differences in blood 
pressure between treatment groups at the end of the study period 
were small and not significant and changes in albuminuria did 
not correlate with concomitant changes in arterial blood pressure. 
These findings suggested that aliskiren could have renoprotective 
effects that are independent of its blood-pressure-lowering effects 
in patients with hypertension, type 2 diabetes, and nephropathy 
(Parving et al., 2008). The above data provided the background for 
the ALiskiren Trial In Type 2 diabetes Using cardio-renal Disease 
Endpoints (ALTITUDE) study (Parving et  al., 2012), that was 
aimed to determine whether 4-year treatment with aliskiren com-
pared to placebo, on top of background RAAS inhibitor therapy 
might reduce renal and cardiovascular events in 8561 patients with 
type 2 diabetes, micro- and macroalbuminuria, or cardiovascular 
disease. Study analyses, however, failed to detect a beneficial effect 
of aliskiren therapy on any considered outcome and actually raised 
some safety concerns. At 32 months of follow-up, the primary com-
posite endpoint (myocardial infarction, stroke, new hospitalization 
for heart failure, cardiovascular death, resuscitated death, ESRD or 
doubling of serum creatinine) occurred in 767 subjects (17.9%) in 
the aliskiren group and 721 (16.8%) in the placebo group (HR 1.08, 
95% CI 0.98–1.20, P = 0.14). A trend towards an increased risk of 
stroke was evident in the aliskiren arm (HR 1.25, 95% CI 0.98–1.60, 
P = 0.7). Finally, while the onset of doubling of serum creatinine or 
ESRD was similar in the two treatment arms, aliskiren significantly 
increased the risk of hyperkalaemia and hypotension. For the 
above reasons, the study was interrupted prematurely in December 
2011 on the recommendation of the data monitoring committee. 
Therefore, available data suggest that dual RAAS blockade with 
aliskiren plus ACEI or ARB has no benefit and increases the risk 
of adverse events, including hyperkalaemia, in patients with type 
2 diabetes and/or hypertension (de Boer et al., 2012; Harel et al., 
2012). Based on the above findings, aliskiren therapy is not recom-
mended in patients with diabetes independent of the stage of their 
renal involvement.

Add-on aldosterone antagonism
ACEIs or ARBs significantly reduce plasma aldosterone levels, 
which may partly explain the systemic and renal effects of RAAS 
inhibition. In 50% of subjects, however, plasma aldosterone levels 
initially decrease, then start to increase to pre-treatment levels or 
even above (Rossi et al., 2006; Bomback and Klemmer, 2007). This 
phenomenon is known as aldosterone breakthrough, and is appar-
ently initiated and sustained by an increased release of aldosterone 
in response to either increased serum potassium levels or enhanced 
angiotensin II production through non-ACE pathways mediated by 
tissue chymases and cathepsins (Rossi et al., 2006). Sodium and water 

retention sustained by the mineralocorticoid effects of aldosterone 
on the distal nephron eventually limits or blunts the blood pressure- 
and proteinuria-lowering effects of ACEIs or ARBs. Aldosterone 
might also have a synergistic effect on glomerular haemodynamics 
and trophic effects of angiotensin II, possibly through the upregula-
tion of glomerular angiotensin II receptors. Finally, enhanced aldos-
terone levels may directly exert deleterious pro-inflammatory and 
pro-fibrotic effects on glomerular arterioles, podocytes, mesangial 
cells, and renal fibroblasts, which may contribute to the progression 
of kidney damage (Becker et al., 2009). Most of these effects may be 
abrogated by aldosterone antagonists (Struthers et al., 2008).

In salt-loaded uninephrectomized rats infused with aldoster-
one, heavy proteinuria and podocyte damage were abrogated by 
the aldosterone antagonist eplerenone, but not by the vasodilator 
hydralazine, despite similar blood pressure values (Du et al., 2009). 
Consistently, in rats with 5/6 nephrectomy receiving losartan, 
add-on therapy with spironolactone further reduced proteinuria 
and achieved regression of glomerulosclerosis, tubulointerstitial 
fibrosis, and vascular lesions (Piecha et  al., 2008). These experi-
mental data, along with preliminary evidence that spironolac-
tone has an antiproteinuric effect in CKD patients treated with 
ACEIs (Chrysostomou and Becker, 2001), provided the ration-
ale for a series of randomized clinical trials. These trials were 
performed in relatively small series of patients with proteinuric 
nephropathies—in most cases associated with type 2 diabetes—who 
were on background therapy with ACEIs, ARBs, or both. Overall, 
aldosterone antagonists were associated with a 30–60% reduction 
in albuminuria compared to placebo over 4–52 weeks of treatment 
(Navaneethan et al., 2009).

Consistently, in patients with type 2 diabetes, hypertension, and 
macroalbuminuria on lisinopril therapy, add-on therapy with the 
aldosterone antagonist spironolactone (25 mg/day) reduced albu-
minuria by 34% compared to placebo, an effect that significantly 
exceeded the 17% reduction observed with losartan (Mehdi et al., 
2009). Albuminuria reduction seemed to reflect a specific effect of 
aldosterone inhibition, as blood pressure control was similar in the 
three treatment arms (Mehdi et al., 2009). Two studies investigat-
ing the effect of adding spironolactone to ACEI or ARB therapy 
found that, after an initial acceleration in renal function loss, GFR 
decline was slower in aldosterone-treated subjects than in controls, 
a finding consistent with the idea that add-on spironolactone has 
a renoprotective effect (Bianchi et  al., 2006; van den Meiracker 
et al., 2006).

Despite these encouraging findings, however, adverse effects 
associated with the chronic administration of spironolactone, 
including gynaecomastia, erectile dysfunction, and menstrual 
abnormalities, tempered initial enthusiasms on the clinical role 
of this treatment. The above limitations were addressed with the 
development of eplerenone, a specific aldosterone antagonist that 
is devoid of the non-mineralocorticoid effects of spironolactone. In 
a randomized, multicentre trial of 286 patients with type 2 diabe-
tes and persistent macroalbuminuria despite ACEI therapy, add-on 
therapy with 50 mg or 100 mg of eplerenone daily was associated 
with a significant reduction in urinary albumin excretion com-
pared to placebo and the treatment was well tolerated (Epstein 
et al., 2006). Thus, adequately powered trials are needed to assess 
the long-term renoprotective effect of eplerenone and investigate 
whether improved renal outcomes may offset adverse effects such 
as hyperkalaemia, the major limitation to aldosterone-based RAAS 
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inhibitor therapy, particularly in patients with diabetes and renal 
insufficiency (Khosla et al., 2009).

PPAR-gamma agonists
Peroxisome proliferator-activated receptors (PPARs) are 
ligand-activated nuclear transcription factors that modulate several 
physiological processes, including glucose and lipid metabolism, 
energy homeostasis, blood pressure, inflammation, immunity, cell 
proliferation, and reproduction. Among the three isotypes of PPARs, 
designated as PPAR-alfa, PPAR-beta/delta, and PPAR-gamma 
(Lehrke and Lazar, 2005), the latter has been suggested to play a 
major role in the pathogenesis of DN. PPAR-gamma is constitutively 
expressed by the kidney, mainly in the medullary collecting ducts, 
but also in other nephron segments, including proximal tubules, 
glomerular mesangial cells, podocytes, and renal vasculature (Yang 
et al., 2012). The possibility of a pathogenic role for PPAR-gamma 
is suggested by the recent observation of an association between 
the PPAR-2 Pro12Ala polymorphism and microalbuminuria (De 
Cosmo et al., 2009). This evidence provided the background for 
the development of novel drugs that, by exerting an agonistic activ-
ity on PPAR-gamma receptors, were expected to improve insulin 
sensitivity and therefore to ameliorate the consequences of insulin 
resistance. Among these compounds, thiazolidinediones (pioglita-
zone, rosiglitazone, and troglitazone) have been widely used for 
glucose lowering in patients with type 2 diabetes, and also achieved 
beneficial effects on inflammation, mesangial cell proliferation, 
and fibrosis in experimental models of DN (Li et al., 2006; Tang 
et al., 2006). The renoprotective and antiproteinuric effects of thia-
zolidinediones are likely mediated by multiple mechanisms (Yang 
et al., 2012). First, these agents may improve systemic (Ryan et al., 
2011)  and renal insulin resistance (Tiwari et  al., 2007). Second, 
PPAR-gamma agonists may reduce blood pressure values through 
the inhibition of the angiotensin II signalling pathway and the 
increased synthesis of endothelial NO (Roszer and Ricote, 2010). 
Third, they may decrease the levels of a number of inflammatory 
cytokines and inhibit the renal expression of TGF-beta, which plays 
a pivotal role in DN (Ohtomo et al., 2007). Fourth, thiazolidinedi-
ones and other PPAR-gamma agonists, including telmisartan, may 
reduce the production of reactive oxygen species, that is otherwise 
induced by the action of advanced-glycation end products (AGEs) 
on their specific receptor, RAGE (Matsui et al., 2007; Matsui et al., 
2010). Fifth, PPAR-gamma may activate or restore adiponectin sig-
nalling in both renal and extra-renal sites, and increased levels of 
adiponectin may reduce proteinuria in patients with type 2 diabetes 
(Miyazaki et al., 2007). Tesaglitazar, a PPARalfa/gamma dual ago-
nist, also achieved a significant increase of adiponectin levels and 
a significant antiproteinuric effect in murine models (Cha et al., 
2007). Finally, PPAR-gamma agonists may exert additional effects, 
including a reduction in glomerular and proximal tubular hyper-
trophy (Lai et al., 2011), the inhibition of amylin secretion (Hull 
et al., 2005), and the reduction of lipotoxicity in the kidney (Yang 
et al., 2009).

With the above background, several studies have been designed 
to test whether PPAR-gamma agonists, particularly thiazolidinedi-
ones, have a specific renoprotective effect in diabetic patients with 
evidence of renal involvement. Thirty patients with type 2 diabe-
tes and microalbuminuria were randomly assigned to metformin 
(N = 13) or troglitazone (N = 17) for 12 weeks. Troglitazone signifi-
cantly reduced mean ACR from 70 to 40 mg/g creatinine at 4 weeks 

and maintained these reduced levels for up to 8 weeks. On the 
other hand, metformin did not change ACR throughout the whole 
follow-up period (Imano et al., 1998). In a subsequent double blind, 
parallel-group, 32-week study, 389 subjects with type 2 diabetes and 
microalbuminuria were randomized to either rosiglitazone or gly-
buride, on top of metformin therapy (Bakris et al., 2006). Despite 
comparable improvements in glycaemic control in both groups, 
urinary ACR was significantly reduced by 22.7% in the rosiglita-
zone plus metformin arm, but not in the glyburide plus metformin 
arm. Rosiglitazone plus metformin also reduced 24-hour systolic 
and diastolic ambulatory blood pressure (by 3.4 and 2.9 mmHg, 
respectively), von Willebrand factor and fibrinogen, levels of plas-
minogen activator inhibitor-1 antigen and activity and C-reactive 
protein, compared to glyburide plus metformin. Finally, pioglita-
zone significantly reduced albuminuria compared to metformin in 
68 patients with type 2 diabetes and microalbuminuria from the 
Asahikawa Prospective Pioglitazone in Microalbuminuria Effect 
(APRIME) study (Morikawa et al., 2011).

Despite the above encouraging findings, growing concerns 
about the cardiovascular safety of thiazolidinediones (Guan et al., 
2005)  were raised by recent studies (Nissen and Wolski, 2007, 
2010). A  FDA meta-analysis of randomized controlled trials 
(Food and Drug Administration, 2010) on PPAR-gamma agonists, 
found that both rosiglitazone and pioglitazone increased the risk 
of congestive heart failure and that the risk of all-cause mortality, 
cardiovascular mortality, and myocardial infarction tended to be 
higher with rosiglitazone than pioglitazone. The analyses, however, 
suffered from a number of limitations, including the low rate of 
events and the high heterogeneity of included studies. In order 
to explore the risk/benefit profile of these drugs in daily clinical 
practice, the UK Medicines and Healthcare products Regulatory 
Agency (MHRA) commissioned a study on the electronic medical 
records maintained by general practitioners in the United Kingdom 
(General Practice Research Database) (Gallagher et  al., 2011). 
Again, a higher risk for all-cause death, cardiovascular death, and 
heart failure was found for rosiglitazone compared to pioglitazone, 
and this excess risk was largest in patients aged 65 years or older. 
These results are consistent with those reported by other authors 
using US Medicare data (Azoulay et al., 2010). On the basis of the 
above findings, rosiglitazone has been removed from the market in 
Europe and is facing restrictions in the United States.

Endothelin-receptor antagonists
Evidence of incomplete efficacy of RAAS blockade fuelled 
research for new drugs that target alternative pathways to reduce 
hypertension, proteinuria, and renal or cardiovascular events, 
particularly in patients with diabetes and established CKD 
(Ruggenenti et al., 2010c). In this perspective, the seminal discov-
ery of the endothelial-cell derived vasopressor endothelin-1 (ET-1) 
(Yanagisawa et al., 1988) paved the way to experimental and clinical 
studies aimed to test ET-1 inhibitors on top of traditional RAAS 
blocking agents. ET-1 is a potent vasoconstrictor, and ET-1 antago-
nists have been proposed as an effective new approach to hyperten-
sion (Dhaun et al., 2008). In addition, ET-1 plays an important role 
in kidney injury (Remuzzi et al., 2002a). Glomerular hypertension 
and hyperfiltration cause a protein overload in the lumen of tubules, 
which induces the overexpression of ET-1, cell proliferation, and 
interstitial inflammation, that ultimately results in progressive 
kidney damage (Zoja et al., 1995). In addition, protein overload 
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induces podocyte expression of ET-1, which may alter glomeru-
lar permselectivity (Morigi et al., 2005). ET-1 may be antagonized 
by reducing its production through inhibition of ET converting 
enzyme (ECE), which generates the biologically active ET-1 from 
its precursor big ET-1 (Remuzzi et al., 2002a), or by mixed or selec-
tive inhibition of the receptors ETAR and ETBR.

Atrasentan, a selective ETAR antagonist, has been recently 
evaluated in a randomized, double blind, placebo-controlled trial 
of patients with DN already treated with RAAS blocking agents 
(Kohan et  al., 2011). Eighty-nine patients with type 2 diabetes, 
eGFR > 20 mL/min, and urinary ACR of 100–3000 mg/g were 
randomly assigned to three different doses of atrasentan (0.25, 
0.75, or 1.25 mg daily) or placebo and followed for 8 weeks. An 
albuminuria-lowering effect was evident for the 0.75 and 1.25 mg 
doses throughout the study period, independent of blood pres-
sure reduction, while the 0.25 mg dose did not allow a significant 
reduction in ACR compared to placebo. One serious adverse event 
related to fluid retention occurred in a patient with a history of car-
diovascular disease, while peripheral oedema was the most com-
mon adverse event, but also relatively rare and generally mild in 
severity. Two additional trials investigated the effects of the ETAR 
antagonist avosentan on albuminuria reduction and CKD progres-
sion (Wenzel et al., 2009; Mann et al., 2010). In the first one (Wenzel 
et al., 2009), 286 patients with type 2 diabetes and overt DN and 
blood pressure < 180/100 mmHg were randomized to avosentan (5, 
10, 25, or 50 mg/daily) or placebo, on top of RAAS blocking agents. 
After 12 weeks of follow-up, a significant reduction in urinary ACR 
was evident in all four dose groups (−16.3 to −29.9%) compared to 
placebo. Creatinine clearance was unchanged at 12 weeks. In the 
second one, 1392 patients with type 2 diabetes and overt nephropa-
thy were randomly assigned to either avosentan (25 or 50 mg) or 
placebo (Mann et al., 2010). The composite primary outcome was 
the time to doubling of serum creatinine, ESRD, or death, while 
secondary outcomes included changes in ACR and cardiovascular 
events. Although avosentan achieved a dose-dependent reduction 
in albuminuria by −44.3% and 49.3% with the 25- and 50-mg doses, 
respectively, compared to placebo, no benefits on the primary out-
come were observed. An excess of cardiovascular events was also 
evident in patients treated with avosentan, and the study was halted 
prematurely. These two studies (Wenzel et al., 2009; Mann et al., 
2010) highlighted the clinical relevance of fluid retention and con-
gestive heart failure in patients treated with avosentan. Although 
the underlying mechanisms are not fully understood, it is pos-
sible that the relatively high doses of avosentan induced a partial 
blockade of the ETBR despite its 50:1 selectivity for ETAR to ETBR 
(Neuhofer et al., 2009) and this resulted in sodium retention with 
secondary volume expansion. In contrast, atrasentan at relatively 
low doses (Kohan et al., 2011) might have achieved an incomplete 
blockade of ETAR, and the consequent binding of ET-1 to both 
ETAR and ETBR, thus limiting the systemic vasodilatory effects 
secondary to unopposed ET-1 binding to ETBRs.

In light of the above issues, researchers aimed to test newer 
endothelin-receptor inhibitors with less safety concerns related to 
fluid retention. Along this line, daglutril—a combined ECE and 
neutral endopeptidase (NEP) inhibitor, which also increases the 
levels of serum atrial natriuretic peptide—is particularly promis-
ing because of its natriuretic, diuretic, vasodilatory, and antiprolif-
erative properties (Daull et al., 2007). A prospective, randomized, 
double-blind, crossover clinical trial evaluating the effects of 

daglutril on blood pressure, albuminuria, and renal function in 
patients with type 2 diabetes, hypertension, and residual micro- or 
macroalbuminuria despite best available therapy, including opti-
mal doses of losartan, has been recently concluded (Parvanova 
et al., 2011).

Bardoxolone methyl
Bardoxolone methyl is an antioxidant inflammatory modulator 
that reversibly interacts with critical free thiol groups of cysteine 
residues on KEAP-1 and other target proteins, inducing the trans-
location of Nrf-2 to the nucleus and the activation of several genes, 
including glutathione S-transferase, haeme oxygenase, and other 
components of the cytoprotective response (Thomas et al., 2012). 
At high doses, bardoxolone methyl may also interact with other 
proteins, including PPAR-gamma, tubulin, and the kinase activa-
tor IKK. Bardoxolone methyl has been initially tested in patients 
with advanced refractory cancer (Tsao et  al., 2010)  and subse-
quently in subjects with type 2 diabetes and established CKD. 
In the Bardoxolone Methyl Treatment: Renal Function in CKD/
Type 2 Diabetes (BEAM) study, 227 subjects with type 2 diabe-
tes and eGFR between 20 and 45 mL/min/1.73 m2 were randomly 
assigned to three different doses of bardoxolone methyl (25, 75, or 
150 mg once daily) or placebo and followed for 52 weeks (Pergola 
et  al., 2011). Most patients were already treated with standard 
therapy, including RAAS blocking agents and statins. Glycaemic 
(mean HBA1c at baseline:  7.2%) and blood pressure control 
(mean systolic blood pressure: 130 mmHg) was largely adequate. 
Bardoxolone methyl on top of standard therapy significantly 
increased eGFR by 6–10 mL/min/1.73 m2, and the greatest benefits 
were observed in patients receiving 75 or 150 mg/day of the study 
drug. On the other hand, placebo had no effect on eGFR. However, 
bardoxolone methyl significantly increased adverse effects (mainly 
muscle spasms and nausea) in a dose-dependent fashion (Pergola 
et al., 2011). The study results had to be interpreted with great cau-
tion as the significant increase in eGFR with bardoxolone methyl 
was associated with a significant increase in albuminuria, and 
to date no mechanism has been suggested for the improvement 
in eGFR. The observed findings may reflect effects on glomeru-
lar inflammation and haemodynamics rather than any change in 
glomerular structure. Any treatment-induced GFR increase medi-
ated by increased single-nephron GFR should cause concern since 
glomerular hyperfiltration is considered a major determinant of 
onset and progression of DN in experimental diabetes as well as in 
human disease. On the other hand, whether the increase in GFR 
reflects an actual increase in true GFR or rather some change in 
creatinine tubular handling is unknown (Ruggenenti et al., 2012c). 
Importantly, a major pitfall of the study is represented by the fact 
that GFR was not directly measured with a validated method 
(Gaspari et  al., 1995). Concerns about the use of bardoxolone 
methyl in patients with DN have been recently fuelled by the early 
stopping of the randomized, double blind, placebo-controlled, 
phase 3 Bardoxolone Methyl Evaluation in Patients With Chronic 
Kidney Disease and Type 2 Diabetes:  the Occurrence of Renal 
Events (BEACON) study (ClinicalTrials.gov registry num-
ber NCT01351675, <http://clinicaltrials.gov/ct2/show/record/
NCT01351675>) (de Zeeuw et al., 2013). In this trial, about 1600 
patients with type 2 diabetes and advanced CKD (screening eGFR 
between 15.0 and 30.0 mL/min/1.73 m2) were randomized to 
either bardoxolone methyl 20 mg/day or placebo. The primary 
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endpoint was time-to-first event of a composite of ESRD (need 
for chronic dialysis or transplantation) and cardiovascular death. 
The BEACON trial was stopped on the recommendation of its 
independent data-monitoring committee, which reported a safety 
imbalance due to excess serious adverse events and mortality in 
the bardoxolone arm. Although the precise nature of the serious 
adverse events or the number of excess deaths have not yet been 
disclosed, the decision to stop all trials using bardoxolone in CKD 
patients poses a serious threat to the future of the drug. In addition, 
recent experimental data in Zucker diabetic fatty (ZDF) rats (Zoja 
et al., 2013) raised further concern about the negative side effects 
of bardoxolone. The rats were treated with RTA 405, a synthetic 
triterpenoid analogue of bardoxolone methyl, with the ACEI rami-
pril, or with a combination of RTA 405 and ramipril. Treatment 
was started at 3 months of age, when rats already exhibited pro-
teinuria, and was continued for up to 6 months. Although ZDF 
rats treated with the bardoxolone analogue ate less, lost weight, 
and had lower blood glucose, they also had increased blood pres-
sure values, cholesterol levels, and proteinuria, and more glomeru-
losclerosis compared to animals on ramipril alone (Harris, 2013). 
These adverse effects were not necessarily dose related, at least at 
the two concentrations of bardoxolone analogue used in the study, 
and were minimally affected by concomitant ramipril treatment. 
At 1  month, elevated liver enzymes were also observed in the 
RTA 405 group compared to placebo, but this difference was no 
longer evident at 3 months. However, significant increases in liver 
weight and marked histologic changes—hepatocyte swelling, dif-
fuse vacuolization and cellular degeneration-point to a major RTA 
405-induced liver toxicity.

Other drugs
A number of additional non-pharmacologic or pharmacologic 
interventions have been tested in patients with diabetes and differ-
ent degrees of albuminuria, including weight reduction (Morales 
et  al., 2003), lipid-lowering drugs (Tonolo et  al., 2006; Rutter 
et al., 2011), pentoxifylline (McCormick et al., 2008), fenofibrate 
(Ansquer et al., 2005), fish oil (Rossing et al., 1996a), sulodexide 
(Heerspink et  al., 2008; Packham et  al., 2012), protein kinase C 
inhibitors (Tuttle et  al., 2005), dipeptidyl peptidase-4 inhibitors 
(Hattori, 2011), antifibrotic agents (Sharma et al., 2011), urotensin 
receptor antagonists (Vogt et al., 2010), and pyridoxamine dihydro-
chloride (Lewis et al., 2012). To date, insufficient evidence exists to 
recommend any of these interventions for the prevention or treat-
ment of DN, although weight loss and aggressive lipid lowering 
represent an important part of the medical treatment of all diabetic 
subjects per se.

Conclusions
DN will remain a challenge for both physicians and healthcare 
systems over the next decades, particularly in newly industrial-
ized countries, such as China and India, and developing coun-
tries (van Dieren et al., 2010). New treatment options have arisen 
from experimental studies, but the number of novel molecules 
with nephroprotective effects implemented in the clinical practice 
over the last two decades is disappointingly low. Thus, new diag-
nostic tools and therapeutic interventions are urgently needed to 
fight this dreadful complication. Recent trials showed that exist-
ing drugs do not significantly improve the slope of GFR decline 

in diabetic patients with normo- or microalbuminuria (Ruggenenti 
et al., 2011b), although they may actually improve cardiovascular 
outcomes (Ruggenenti et al., 2011a). Thus, early detection of dia-
betic subjects who are prone to develop micro- or macroalbuminu-
ria might potentially represent a suitable strategy to achieve timely 
therapeutic intervention and reduce the burden of diabetes-related 
ESRD worldwide. In this respect, recent evidence highlighted the 
potential usefulness of a urinary proteomic-based risk score clas-
sifier in predicting the development and progression of microalbu-
minuria in diabetic patients (Roscioni et al., 2013). Indeed, distinct 
changes in the urinary proteome of patients at an early stage of dia-
betes might distinguish subjects at risk for progressive GFR loss, 
and hence at high risk of ESRD or cardiovascular events, even when 
no obvious clinical signs of renal dysfunction are present. On the 
other hand, a throughout understanding of the effects of genetic 
variability on the individual response to RAAS inhibitors, as well 
as of the cross-talk between the RAAS and other pathophysiologi-
cal pathways, including the Klotho/FGF23 system (de Borst et al., 
2011; Zoja et al., 2012), that might actually blunt the renoprotective 
effects of RAAS blocking agents in the presence of high phosphorus 
load (Zoccali et al., 2011), will hopefully help to improve the man-
agement of DN. Until new diagnostic and therapeutic options will 
become available, general practitioners and specialists should take 
into account the individual characteristics of diabetic patients in 
order to tailor intervention to specific individual patient needs. For 
instance, young patients with type 1 or type 2 diabetes—a dramati-
cally increasing population (Kaufman, 2002)—will benefit the most 
from early intensified intervention aimed at optimizing the control 
of all treatable risk factors to minimize the risk of chronic complica-
tions and long-term cardiovascular morbidity and mortality. These 
benefits will largely override the potential excess risk of hypogly-
caemia. Quite different will be the case of a type 2 diabetic patient, 
aged 70 years or older, with advanced end-organ damage and evi-
dence of high risk of coronary or cerebrovascular disease. In this 
setting, intensified metabolic control would offer no advantages in 
terms of long-term prevention of complications and would expose 
the patient to potentially catastrophic consequences of hypogly-
caemic episodes (Gerstein et al., 2008). In those with concomitant 
renal vascular disease—who will be the vast majority—intensified 
blood pressure control and/or RAAS inhibitor therapy might even 
accelerate renal disease progression and expose the patient to the 
risk of life-threatening hypotension episodes, in particular during 
intercurrent diseases or dehydration, an event not uncommon in 
the elderly (Law et al., 2009; Reboldi et al., 2010). Compliance and 
treatment-related hyperkalaemia may also be a concern, in par-
ticular in those on dual RAAS blockade. Actually, no evidence is 
available so far that combined ACEI and ARB therapy may offer 
any benefit in patients with type 2 diabetes with overt nephropa-
thy, whereas this approach might reasonably provide major reno-
protection to younger patients with less advanced renal disease. 
A response-driven approach, titrated to both efficacy and tolerabil-
ity, and combined with close monitoring and patient counselling, 
will be the key component of effective interventions to minimize 
harm, particularly in in the most frail patients.
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CHAPTER 150

Kidney involvement 
in plasma cell dyscrasias
Pierre M. Ronco

Overview
Monoclonal proliferations of the B-cell lineage are characterized 
by abnormal and uncontrolled expansion of a single clone of B 
cells at different maturation stages, with a variable degree of dif-
ferentiation to immunoglobulin-secreting plasma cells. Therefore, 
they are usually associated with the production and secretion in 
blood of a monoclonal immunoglobulin and/or a fragment thereof 
which may become deposited in tissues. These deposits can take 
the form of casts (in myeloma cast nephropathy), crystals (in 
myeloma-associated Fanconi syndrome), fibrils (in light-chain and 
exceptional heavy-chain amyloidosis), or granular precipitates (in 
monoclonal immunoglobulin deposition disease) (Table  150.1). 
They may disrupt organ structure and function, inducing 
life-threatening complications. All of the pathologic entities related 
to immunoglobulin deposition principally involve the kidney, 
which is not only explained by the high levels of renal plasma flow 
and glomerular filtration rate, but also by the sieving properties of 
the glomerular capillary wall and by the prominent role of the renal 
tubule in light-chain handling and catabolism.

In a large proportion of patients with crystals, fibrils, or granular 
deposits of immunoglobulin products, major clinical manifesta-
tions and mortality are related to visceral immunoglobulin deposi-
tion rather than to expansion of the B-cell clone. Indeed, except for 
myeloma cast nephropathy, which is generally associated with a high 
tumour mass malignancy, immunoglobulin precipitation or deposi-
tion diseases often occur in the course of a benign B-cell proliferation 
and thus is consistent with monoclonal gammopathy of undeter-
mined significance (MGUS) (Merlini and Stone, 2006; Leung et al., 
2012). Since treatment is not recommended for MGUS, appropriate 
treatment such as chemotherapy and autologous stem cell autograft-
ing may be withheld, although preservation and even restoration of 
kidney function may be achieved upon successful treatment target-
ing the responsible clone. The International Kidney and Monoclonal 
Gammopathy Research Group proposed the term of monoclonal 
gammopathy of renal significance (MGRS) to stress the causal rela-
tionship between the monoclonal gammopathy and the renal disease, 
as well as the need for appropriate treatment (Leung et al., 2012).

The spectrum of renal diseases due to monoclonal immuno-
globulin deposition has expanded dramatically with the advent of 
routine staining of renal biopsy specimens with specific anti-kappa 
and anti-lambda light-chain antibodies, and of electron microscopy, 
combined with more sensitive and sophisticated analyses of blood 
and urine monoclonal components (Table 150.2). Demonstration 

of MGRS primarily relies on immunohistochemical analysis of 
the kidney biopsy specimen because association of a circulating 
monoclonal component (M-component) with a renal disease does 
not prove causality and because detection of this component may 
be difficult in the blood and the urine. Owing to population age-
ing, the majority of patients with serum and/or urine monoclonal 
gammopathy who undergo renal biopsy have disease unrelated to 
monoclonal immunoglobulin deposition (Paueksakon et al., 2003). 
Therefore, the diagnosis of virtually all of the entities to be discussed 
in this chapter is critically dependent on the inclusion of kappa and 
lambda in the standard of immunofluorescence stains. A  major 
consequence of such routine staining was the recent recognition 
of membranoproliferative glomerulonephritis secondary to intact 
monoclonal immunoglobulin deposition (Sethi and Fervenza, 
2012) and proliferative glomerulonephritis with monoclonal immu-
noglobulin G (IgG) deposits mimicking immune-complex glomer-
ulonephritis (Nasr et al., 2004, 2009). In some of the rarer entities, 
such as heavy-chain deposition disease (Moulin et al., 1999) and 
glomerulopathies with intact monoclonal immunoglobulin depos-
its, a more refined and precise diagnosis can be made with immuno-
fluorescence staining for the subclasses of IgG with anti-heavy-chain 
antibodies. Collectively these stains may demonstrate light-chain 
isotype restriction and gamma-heavy-chain subclass restriction, 
which strongly favours, but does not definitely prove, the presence 
of a monoclonal immunoglobulin. Once such restriction has been 
identified, electron microscopy examination of the kidney specimen 
should be performed, particularly in patients with glomerulopathy, 
to look for organized structures in the kidney deposits (Table 150.2). 
In patients with amyloid deposits and inconclusive immunohisto-
chemical analysis, identification of deposits may be achieved in spe-
cialized centres by immunoelectron microscopy (Veeramachaneni 
et al., 2004) and mass spectrometric-based proteomic analysis of 
deposits after laser microdissection of paraffin-embedded samples, 
a technique which will decrease the percentage of non-typable amy-
loidosis in the near future (Sethi et al., 2013).

Demonstration of monoclonality requires serum and urine stud-
ies by immunoelectrophoresis and immunofixation. Substantial 
advances have occurred with the immunonephelometric quantita-
tion of serum free light chains. Although both kappa and lambda 
light-chain levels increase in patients with kidney failure, the ratio 
of free kappa to free lambda light chain remains altered in case of 
monoclonal immunoglobulin secretion. In AL amyloidosis, about 
30% and 10% of patients will not have a demonstrable monoclonal 
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light chain by immunoelectrophoresis and immunofixation, respec-
tively, while the combination of immunochemical techniques and 
the serum free light-chain assay detects an abnormal result in 99% 
of patients (Palladini et al., 2009).

Polymorphism of renal lesions may be due to specific proper-
ties of immunoglobulin components influencing their precipita-
tion, their interaction with renal tissue, or their processing after 
deposition. Alternatively, the type of renal lesions may be driven 
by the local response to immunoglobulin deposits, which may vary 
from one patient to another. That intrinsic properties of immu-
noglobulin components are responsible for the observed renal 

alterations was first suggested by in vitro biosynthesis of abnor-
mal immunoglobulin by bone marrow cells from patients with 
lymphoplasmacytic disorders and visceral light-chain deposition 
(Preud’homme et al., 1980) and by recurrence of nephropathy in 
renal grafts (Leung et al., 2004). A  further demonstration of the 
specificity of immunoglobulin component pathogenicity was pro-
vided by Solomon et  al. (1991) who showed that the pattern of 
human renal lesions associated with the production of monoclo-
nal light chains could be reproduced in mice injected with large 
amounts of light chains from the patients, which led to the conclu-
sion that physicochemical or structural properties of light chains 

Table 150.1 Renal lesions observed in B-cell proliferations according to underlying haematological disease

Renal lesions Multiple myeloma Waldenström’s 
macroglobulinaemia

Chronic lymphocytic 
leukaemia and related 
lymphomas

Tubular lesions

Cast nephropathy + + + – –

(Proximal) tubule lesionsa + – –

Fanconi syndrome + (smouldering) – –

Glomerular lesionsb

AL amyloidosis + + + +

MIDD (nodular, membranoproliferative, 
minimal change)

+ + + –

Non-amyloid organized depositsc – – +

Type I and type II cryoglobulinaemia + + + + +

IgM capillary thrombi – + –

Other (crescentic, minimal change, etc.) + + +

Interstitial lesions

B-cell infiltrate +d + + + +

Nephrocalcinosis + – –

Pyelonephritis (infections) + – –

– = not or exceptionally observed; + to + + + = semiquantitative rating of the prevalence of renal lesions; MIDD = monoclonal 
immunoglobulin deposition disease.
a Without detectable myeloma casts, sometimes acute tubular necrosis.
b Glomerular involvement is usually but not always preponderant.
c Usually atypical membranous (or membranoproliferative) glomerulonephritis.
d Exceptionally, plasmacytoma.

Table 150.2 Pathologic classification of diseases featuring tissue deposition or precipitation of monoclonal immunoglobulin-related 
material

Organized Non-organized

Crystals Fibrillar Microtubular MIDD (‘Randall type’) Other

Myeloma cast nephropathya

Fanconi syndrome

Other (extrarenal)

Amyloidosis (AL, AH)

Non-amyloid

Cryoglobulinaemia kidney

Immunotactoid

LCDD

LHCDD

HCDD

(Proliferative) GN with 
monoclonal IgG

MPGN (IgG, IgA, or IgM)

AH = heavy-chain amyloidosis; AL = light-chain amyloidosis; GN = glomerulonephritis; HCDD, LCDD, LHCDD, MIDD = heavy-chain, light-chain, light- and heavy-chain, 
monoclonal immunoglobulin deposition disease; MPGN = membranoproliferative glomerulonephritis.
a Crystals are predominantly localized within casts in the lumen of distal tubules and collecting ducts, but may also occasionally be found in the cytoplasm of proximal 
tubule epithelial cells.
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might be responsible for the specificity of renal lesions. A normal 
immunoglobulin is composed of two light chains and two heavy 
chains which are themselves made up of so-called constant (C) and 
variable (V) globular domains. Whereas a limited number of genes 
encode the constant region, multiple gene segments are rearranged 
to produce a variable domain unique to each chain. Diversity is 
further amplified by mutations and variations of the linking pep-
tide segment. Although light chains and heavy chains have many 
structural similarities, they also possess a unique sequence that 
may be responsible for physicochemical peculiarities, hence their 
deposition in tissue or interaction with tissue constituents. A num-
ber of structural and physicochemical abnormalities of immuno-
globulin have been described (reviewed in Solomon et al., 1982; 
Leboulleux et al., 1995). They include deletions of CH domains in 
heavy-chain deposition disease (Aucouturier et al., 1993; Moulin 
et  al., 1999)  and heavy-chain amyloidosis (Eulitz et  al., 1990), 
shortened or lengthened light chains and abnormal light-chain gly-
cosylation in light-chain deposition disease (Preud’homme et al., 
1980; Cogné et al., 1991), and resistance to proteolysis of the VL 
fragment in Fanconi syndrome (Leboulleux et al., 1995). Moreover, 
overrepresentation of certain VL gene subgroups was also reported 
in amyloidosis (Solomon et  al., 1982; Ozaki et  al., 1994)  and 
light-chain deposition disease (Denoroy et al., 1994). It must be 
stressed, however, that some abnormal immunoglobulin chains 
produced in immunoproliferative disorders are not associated 
with any special clinical features. Conversely, structural abnormali-
ties of light chains are not a constant feature of diseases associated 
with light-chain deposition. These observations suggest the need 
to increase the number of nephritogenic immunoglobulin compo-
nents to be analysed at the complementary DNA and protein levels.

In the last decade, considerable progress has occurred in the 
treatment of patients with kidney involvement related to pre-
cipitation and deposition of monoclonal immunoglobulin or a 
fragment thereof. They are mostly due to a better control of the 
production and concentration of the M-component and to an 
improved monitoring of the patients. The combined administra-
tion of antiviral therapy and rituximab in patients with type  II 
cryoglobulinaemia related to hepatitis C virus infection (see 
Chapter 151) and the development of new potent drugs such as 
the proteasome inhibitor bortezomib and thalidomide derivatives 
have substantially improved the outcome, particularly in those 
diseases such as AL amyloidosis and myeloma cast nephropa-
thy where prognosis markedly depends on rapid control of the 
monoclonal proliferation (see Chapters 152 and 153). In parallel, 
new monitoring tools have appeared such as the free light-chain 
assay (Bradwell et  al., 2003), and in patients with AL amyloi-
dosis, the serum N-terminal pro-hormone brain natriuretic 
peptide (NT-proBNP) and high-sensitivity cardiac troponin T 
assays (Palladini et al., 2010). Ongoing trials of protein-leaking 
membranes will tell whether these membranes aimed at rapidly 
clearing circulating light chains will be of benefit in patients 
with severe renal failure related to myeloma cast nephropathy 
(Hutchison et al., 2007).
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CHAPTER 151

The patient 
with cryoglobulinaemia
Fabrizio Fabrizi and Patrice Cacoub

Introduction
Cryoglobulinaemia is a pathological condition in which the blood 
contains immunoglobulins that have the property of reversible 
precipitation from human serum cooled to 4°C. The discovery in 
the human serum of proteins which reversibly precipitate in the 
cold was made by Wintrobe and Buell (1933). In 1947, Lerner and 
Watson found that these proteins were gammaglobulins and intro-
duced the term cryoglobulins (cold precipitable serum globulin) 
(Lerner and Watson, 1947). A definite nosographic placement to 
the cryoglobulinaemic disease within the vast family of systemic 
vasculitis was made by Meltzer et  al. (1966) who first described 
the clinical syndrome of essential mixed cryoglobulinaemia (MC), 
characterized by purpura, weakness, arthralgia, and in some 
patients, organ involvement (e.g. nephropathy and neuropathy). 
Histology typically reveals a leucocytoclastic vasculitis, with depo-
sition of immunoglobulin (Ig)-M rheumatoid factor (RF), IgG, C3, 
and neutrophils in the small-sized vessel wall. A necrotizing vascu-
litis, with fibrinoid necrosis of the intima and the inflammation of 
the entire vessel wall and perivascular space, may also occur.

On the basis of immunochemical studies, Brouet et  al. (1974) 
identified three types of cryoglobulins. In type I, the cryoprecipi-
table immunoglobulin is a single monoclonal immunoglobulin. 
Type II and III cryoglobulinaemias are both mixed types (MC), 
composed of at least two immunoglobulins. In both of them, a 
polyclonal IgG is bound to another immunoglobulin which is an 
antiglobulin and acts as a RF. The main difference between these 
two types of MCs is that in type II the RF usually of the IgM class, is 
monoclonal, whereas in type III it is polyclonal. Both components 
of MCs, IgG and IgM RF, are necessary for precipitations in the 
cold, whereas the individual components do not have this prop-
erty (Fig. 151.1). Patients are considered to have a significant cryo-
globulin level when it is > 0.05 g/L on two determinations. Some 
laboratories characterize cryoglobulinaemia using immunofixation 
or immunoelectrophoresis, and quantify the cryoglobulin level by 
determining the cryocrit, as the percentage of the total volume. 
The use of immunoblotting for immunochemical characterization 
is a sensitive and specific method allowing a full identification in 
98% (Fabrizi et al., 2002). When a cryoglobulin is suspected, serum 
should be kept warm, and tests should be carried out at 37°C. 
Serum cryoglobulin may also interfere with a variety of laboratory 
tests and has been associated with spurious quantitation of plasma 
proteins and erythrocyte sedimentation rate, pseudoleucocytosis, 
pseudothrombocytosis or pseudomacrocytosis. Other laboratory 

abnormalities may provide surrogate evidence of the presence of 
cryoglobulinaemia such as low C4 serum complement fraction, 
decreased total haemolytic complement levels, presence of a serum 
monoclonal immunoglobulin, or RF activity.

MCs represent 60–75% of all cryoglobulinaemias, and are found 
in connective tissue diseases, and infectious or lymphoprolifera-
tive disorders, that is, secondary MC. Since the identification of 
hepatitis C virus (HCV) (Choo et al., 1989; Kuo et al., 1989) many 
authors have recognized it as the cause of > 80–90% of MC. HCV is 
primarily associated with type II MC (which typically has an IgMκ 
RF with anti-idiotypic activity), and to a lesser extent, with type III 
MC (Cacoub et al., 1999; Trejo et al., 2001; Saadoun et al., 2006a). 
In the absence of an identified aetiological factor (< 5% of all MC) 
cryoglobulinaemic vasculitis is defined as essential or idiopathic. 
This review aims to describe main characteristics of cryoglobuli-
naemia, HCV and non-HCV induced, with a special focus on kid-
ney involvement.

Hepatitis C virus mixed cryoglobulinaemia 
and kidney disease
Epidemiology
Beside chronic liver disease, relevant extrahepatic manifestations 
of HCV infection include cryoglobulinaemia, lymphoproliferative 
disorders, and renal diseases. Several authors have given evidence 
of the association between HCV and glomerular disease in both 
native and transplanted kidneys (Cacoub et al., 2000; Cruzado et al., 
2001). These manifestations of HCV are uncommon and the avail-
able information on their frequency is limited and mostly based on 
small studies without a control group. To date, the most important 
survey has been made by El-Serag et al. (2002) who carried out a 
hospital-based case–control study among US male veterans hospi-
talized between 1992 and 1999. They identified 34,204 patients who 
were hospitalized with HCV (cases) and 136,816 randomly selected 
patients without HCV (controls) who were hospitalized during the 
time period. According to their multivariate analysis, a significantly 
greater proportion of HCV-infected patients had porphyria cuta-
nea tarda (0.77% vs 0.06%, P < 0.0001), vitiligo (0.17% vs 0.10%, 
P  =  0.0002), lichen planus (0.30 vs 0.13, P < 0.0001), and cryo-
globulinaemia (0.57% vs 0.05%, P < 0.0001). There was a greater 
proportion of membranoproliferative glomerulonephritis (MPGN) 
among patients with HCV (0.36% vs 0.05%, P < 0.0001), but not 
membranous glomerulopathy (0.33% vs 0.19%, P = 0.86).
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During the last decade, some surveys extracted from large 
clinical databases have suggested an impact of HCV on preva-
lence and incidence of kidney disease in the general population. 
Patients with HCV might be more likely to have diabetes, obesity, 
or human immunodeficiency virus (HIV), these conditions being 
independently associated with kidney disease. Chronic HCV infec-
tion is associated with MC and MPGN, and these, in turn, can 
lead to kidney function impairment (Tsui et al., 2006; Dalrymple 
et al., 2007; Asrani et al., 2010; Lee et al., 2010; Butt et al., 2011). 
It remains unclear whether and to what extent HCV affects renal 
function (Table 151.1A). In contrast, four cross-sectional sur-
veys have shown a significant link between HCV and proteinu-
ria (Table  151.1B) (Lianpunsakul and Chalasani, 2005; Huang 
et al., 2006; Tsui et al., 2006; Lee et al., 2010). Multivariate logistic 
regression models showed that anti-HCV positive rate was sig-
nificantly associated with proteinuria independently of common 
metabolic factors, such as diabetes mellitus, arterial hypertension, 
obesity, and dyslipidaemia (Huang et al., 2006). The possible link-
age between HCV infection and proteinuria may be one part of 
HCV’s extrahepatic manifestations. Type I MPGN associated with 
type II MC remains the most common form of kidney disease 
associated with HCV infection. Less frequently described kidney 
lesions are MPGN without cryoglobulinaemia, and membranous 
nephropathy. Occasional cases of focal segmental glomerulosclero-
sis, fibrillary or immunotactoid glomerulopathies, and thrombotic 
microangiopathy have been also reported (Fabrizi et al., 2002). In 
addition, vasculitis and interstitial nephritis have been associated 
with HCV. More recent information has been accumulated on the 
association between HCV infection and glomerular disease in liver- 
or kidney-transplanted populations (Montalbano et al., 2007). The 
natural history of these HCV-associated nephropathies is charac-
terized by remission and relapsing phases; however, the long-term 
outcome is not well known.

Pathophysiology
Cryoglobulinaemia vasculitis is a systemic vasculitis, that mainly 
affects the small- and, less frequently, medium-sized arteries and 
veins. It is characterized by the deposition of immune complexes 
containing RF, IgG, HCV RNA, and complement on endothe-
lial surfaces, eliciting vascular inflammation through poorly 

understood mechanisms. MC is also characterized by the prolif-
eration of B-cell clones producing pathogenic IgM with RF activ-
ity. MC represents an example of immune complex vasculitis 
(Fig.  151.2). Intravascular cryoglobulin precipitation is induced 
by cold temperature and may involve primarily the skin, periph-
eral nerves, and kidney. A leucocytoclastic reaction is commonly 
involved in vessel damage of the cutaneous vasculitis, whereas in 
the peripheral nerve tissue of MC patients, T cells and macrophages 
are dominant infiltrating cells in vascular walls. In contrast to cuta-
neous vasculitis, HCV RNA has not been prominently detected in 
immune complexes in renal lesions, and has not been detected in all 
the peripheral neuropathy lesions. These findings suggest that dif-
ferent pathophysiological processes are involved in different target 
organs. The prevalent pathogenetic mechanism of HCV-associated 
cryoglobulinaemic glomerulonephritis is represented by the depo-
sition in the glomerulus of a monoclonal IgM RF with particular 
affinity for the glomerular matrix, a RF produced by permanent 
clones of B lymphocytes infected by the virus. It is possible that in 
a minority of cases, immune complexes composed of HCV anti-
gens and anti-HCV IgG antibodies deposit directly in the glomeru-
lar structures in the absence of a concomitant type II MC with a 
monoclonal IgM RF, indicating an immune complex glomerulone-
phritis similar to that observed in patients infected with hepatitis B 
virus. Such a mechanism could explain the non-cryoglobulinaemic 
GN rarely observed by others in patients with HCV chronic infec-
tion (Johnson et al., 1994).

The role of HCV itself and HCV-induced B-cell 
lymphoproliferation
Various pieces of evidence support the aetiological role of HCV 
in MC. A high prevalence of HCV RNA was detected in the great 
majority (up to 90%) of patients with type II essential MC (Agnello 
et al., 1992; Cacoub et al., 1994; Lunel et al., 1994; Fabrizi et al., 
1998). An increased concentration (up to 10-fold) of IgG anti-HCV 

Negative control Positive cryoglobulinaemia

Fig. 151.1 Cryoprecipitation of circulating immunoglobulins in the serum of a 
patient with type II mixed cryoglobulinaemia. Cryoprecipitation can start within 
an hour or take several days.

Table 151.1 (A) Multivariate analysis for the association of hepatitis 
C to low estimated GFR: population-based surveys (B) Multivariate 
analysis for the association of anti-HCV seropositive rate 
to proteinuria: odds ratios (ORs) from population-based surveys

OR (95% confidence intervals) Country Reference year

A

Tsui et al. 0.89 (0.49–1.62) US 2006

Tsui et al. 2.80 (2.43–3.23) US 2007

Dalrymple et al. 1.40 (1.11–1.76) US 2007

Lee et al. 1.30 (1.20–1.42) Taiwan 2010

Asrani et al. 0.92 (0.79–1.08) US 2010

Butt et al. 1.30 (1.23–1.37) US 2011

B

Liangpunsakul 
and Chalasani

1.99 (1.38–2.85) US 2005

Huang et al. 1.648 (1.246–2.179) US 2005

Tsui et al. 1.84 (1.0–3.37) US 2006

Lee et al. 1.14 (1.003–1.30) Taiwan 2010
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antibody in the cryoprecipitate was measured (Agnello et al., 1992). 
The majority of the known HCV antigens (core, E1, E2, NS34, NS4, 
and NS5) and their corresponding antibodies are described in both 
cryoprecipitate and vascular lesions in tissue sections (Sansonno 
et al., 1997). HCV RNA was found in the cryoprecipitate of patients 
with type II MC concentrated up to 1000 times the respective lev-
els in supernatants (Agnello et al., 1992; Cacoub et al., 1994; Lunel 
et al., 1994).

HCV exerts a chronic stimulus on the immune system, which 
may lead to the proliferation of B-cell clones producing pathogenic 
IgM with RF activity. The basis for the strong association between 
this B-cell response to HCV and the detection of a RF in MC vas-
culitis may lie in the structural and antigenic homologies between 
the N-terminal region of the HCV E2 envelope protein and the 
human immunoglobulin variable domains. A possible contribu-
tory factor may be the ability of E2 envelope glycoprotein to bind 
CD81 B-cell surface protein which may provide a strong stimula-
tory signal if activated as a part of a complex (CD19/CD21/CD81 
complex) together with BCR activation (Charles and Dustin, 2009). 
These findings strongly promote the use of antiviral agents and 
B-cell depletion therapy in the management of HCV-associated 
MC vasculitis. Charles and Dustin (2009) have suggested that 
specific HCV proteins are necessary for clonal B-cell expansion. 

High concentrations of HCV envelope protein E2 in vitro stimu-
late B-cell expansion via interaction with CD81, a known HCV E2 
entry factor (Rosa et al., 2005). IgG-bound HCV specifically drives 
the clonal expansion of B cells secreting IgM RF; upon chronic 
HCV infection, immune-complexed HCV stimulates the expan-
sion of VH-1-69+ B cells, encoding RF WA. These cells become 
clonally predominant by continued antigenic exposure (usually 
over a decade or more), independently of T-cell help. The HCV 
E2-CD81 interactions could result in a lowered B-cell stimulation 
threshold, facilitating the secretion of various antibodies, includ-
ing IgM RF. Clonal B-cell expansions are demonstrable in the 
intrahepatic lymphocyte infiltrates, in the bone marrow, and in 
the peripheral blood mononuclear cells (Vallat et al., 2004; Charles 
et  al., 2008). It is still not understood why such an expansion 
occurs more readily in chronic HCV infection, compared to other 
chronic viral diseases such as HBV or HIV. Increased serum B-cell 
activating factor (BAFF) (Sene et al., 2007), a tumour necrosis fac-
tor alpha (TNF-α) family member required for B-cell survival has 
been described in HCV-associated MC. It has been proposed that 
HCV rarely infects B cells, but HCV viral particles may be bound 
directly or indirectly to B cells. Marukian et al. (2008) have shown 
that B cells lack necessary HCV entry receptors and cannot sup-
port replication of HCV.
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Fig. 151.2 Mechanisms responsible for HCV-MC-vasculitis lesions. HCV may infect B cells by CD81 and induce a chronic stimulation. B cells produce antibodies 
against HCV that crosslink with IgM with RF activity and may form immune complexes (i.e. cryoglobulin). Cryoglobulinaemia vasculitis is characterized by immune 
complex-mediated tissue injury linked to deposit of immune complexes and subsequent neutrophil recruitment and complement activation. Macrophages and T cells 
are also present in vasculitic tissues with a predominant Th1 type cytokine differentiation. The last step of vasculitis lesions involves matrix metalloprotease (MMP), 
oxidative stress molecules (ROS), and pro-inflammatory cytokines like TNF-α. DC = dendritic cells; M = macrophages; PN = polymorphonuclear neutrophil.
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In a limited number of patients (< 10%), monoclonal  B-cell 
expansion leading to type II MC may evolve into frank B-cell 
non-Hodgkin lymphoma. Transformation from polyclonal 
B-cell  proliferation (type III MC) to oligo/monoclonal B cell 
proliferation (type II MC) and to the overt malignant lymphoma 
is a multistep process probably requiring multiple mutagenic 
events (Sene et  al., 2004; Landau et  al., 2007). The duration of 
B-cell stimulation caused by infectious or other exogenous agents 
has been also implicated. Recently, it has been shown the expan-
sion of functionally anergic CD21-/low marginal zone-like B cell 
clones in HCV infection-related lymphoproliferation (Terrier 
et al., 2012).

The role of autoantibodies in cryoglobulinaemia vasculitis
The harmful role of cryoglobulins is supported by the pres-
ence of immunoglobulin molecules and complement fractions 
in the wall of affected microvessels free of cellular exudation. 
The complement system plays an active role. In a mouse model 
of cryoglobulin-induced immune complex glomerulonephritis, 
the neutrophil influx was shown to be mediated by C5 activation 
(Trendelenburg et al., 2005). Evidence also suggests that in MC, 
defective processing and decreased clearance of immune complexes 
favour their tissue deposition (Roccatello et al., 1993). MRL-lpr/lpr 
mice spontaneously develop a lupus-like syndrome characterized 
by necrotizing vascular lesions and severe glomerulonephritis. Skin 
and glomerular lesions similar to those associated with cryoglob-
ulinaemic vasculitis can be induced in normal mice by injection 
of a monoclonal antibody exhibiting both cryoglobulin and RF 
activities derived from the MRL-lpr/lpr autoimmune mouse. Thus, 
both RF and cryoglobulin activities of the monoclonal antibody are 
required for the development of skin vasculitis, but its cryoglobulin 
activity alone is sufficient to cause glomerular lesions (Reininger 
et al., 1990).

Involvement of cellular immunity in cryoglobulinaemia 
vasculitis lesions
Cryoglobulinaemic vasculitis appears to be, at least in part, 
pathologically different from the Arthus model. Neutrophilic 
infiltration with leucocytoclastic changes, typical of immune 
complex-mediated vasculitis, has seldom been found, while the 
presence of lympho-histiocytic infiltrates suggests a T-cell medi-
ated pathogenesis (Cacoub et al., 2001). Inflammatory infiltrates 
of lymphocytes and monocytes around small and pre-capillary 
arterioles is a feature of MC-vasculitis neuropathy. Monocytes and 
memory/activated T lymphocytes accounted for the bulk of leuco-
cytic cells. Both CD4-positive and CD8-positive T cells accumulate 
in vasculitic nerves lesions. The role of cellular immunity and Th1 
lymphocytes was demonstrated in the pathogenesis of HCV-related 
MC vasculitic nerve lesions (Saadoun et al., 2005).

Pathological features
The involvement of cryoglobulins in the context of clinical symp-
toms evocative of vasculitis may be confirmed with histological 
examination of the most frequently involved organs. Skin biopsy 
performed in patients with purpura and/or ulcers shows frequently 
a non-specific leucocytoclastic vasculitis involving small-sized 
vessels with inflammatory infiltrates and, in some cases, fibri-
noid necrosis of the arteriolar walls and endovascular thrombi. In 
patients with peripheral neuropathy, nerve pathological analysis 

often highlights moderate to severe axonal damages (axonal degen-
eration, differential fascicular loss of axons, signs of demyeliniza-
tion) associated with a small-sized vessel vasculitis (arterioles, 
venules, capillaries) and an inflammatory infiltrate composed 
only of monocytes and lymphocytes, without necrotizing angiitis 
(Fig. 151.3).

Morphological features observed on kidney biopsies of 
patients with renal involvement are characterized by an impor-
tant monocyte infiltrate with double contours of the basement 
membrane, large, eosinophilic, and amorphous intraluminal 
thrombi, evocative of MPGN. Immunofluorescence study shows 
intraglomerular subendothelial deposits of IgG, IgM (identical to 
those of the cryoprecipitates), and complement components. In 
addition, vasculitis of small renal arteries is present in one-third 
of patients. Extracapillary crescents are rarely observed (Beddhu 
et al., 2002).

Pathogenesis of HCV mixed cryoglobulinaemia 
kidney injury
Some evidence support that the kidney injury due to HCV infec-
tion is mediated by cryoglobulins. Cryoglobulins are deposited in 
the mesangium during their trafficking in the glomerulus. They can 
also be seen as intense subendothelial IgM deposits by immuno-
fluorescence. Their nephrotoxicity is related to special affinity of the 
IgMκ RF for cellular fibronectin present in the mesangial matrix 
(D’Amico, 1998). It has been possible to induce, in an experimen-
tal mouse model, a MPGN similar to cryoglobulinaemic glomer-
ulonephritis of humans by intravenous administration of 37°C 
solubilized type II cryoglobulins from patients with membranopro-
liferative nephritis and HCV (Fornasieri et al., 1993). The mono-
clonal IgMκ RF was isolated from such cryoglobulins, separately 
injected, and able to deposit in the glomerulus; this suggests a spe-
cial affinity of IgMκ RF for the glomerular structures. It needs to be 
clarified if the deposition of a monoclonal IgM RF in the glomeru-
lus occurs alone or as a mixed IgG–IgM cryoglobulin not bound to 
HCV or as a complex made of HCV, anti-HCV IgG, and IgMκ RF. 
Only the RF isolated from cryoprecipitable type II MC had specific 
affinity; all the other monoclonal RFs are not able to fix fibronectin.

Fig. 151.3 Pathological features of cryoglobulinaemia vasculitis. Peripheral nerve 
biopsy: important peri-vascular infiltrate of lymphocyte around small-sized vessels, 
that is, venules, capillaries, and arterioles, with no polymorphonuclear infiltrate or 
destruction of the vascular wall.
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The typical histopathological lesion is a membranoprolifera-
tive (mesangio-capillary) glomerulonephritis (Barsoum, 2007). 
Cryoglobulins can also be deposited in the glomerular capillaries 
as eosinophilic thrombi and this is usually associated with vas-
culitis and fibrinoid necrosis of the glomeruli. Endothelial injury 
may be an expression of the direct cytopathic activity of the virus. 
Cryoglobulins may also induce endothelitis via anti-endothelial 
antibody activity and complement activation leading to overexpres-
sion of VCAM-1 and subsequent platelet aggregation (Barsoum, 
2007). Immune complexes containing HCV antigens have been 
observed in the mesangium of patients with cryoglobulinaemia 
leading to mesangial expansion (Sansonno et al., 2005). The pres-
ence of HCV-related proteins in the mesangium has been associ-
ated with higher proteinuria, possibly reflecting direct mesangial 
damage by HCV (Sansonno et al., 2005). An increased expression 
of toll-like receptors has been found in the mesangial cells target of 
HCV-related MPGN, but not non-HCV MPGN. Mesangial upreg-
ulation of toll-like receptors is linked with strong inflammatory 
activity (Wornle et al., 2006).

Clinical features
The clinical syndrome of MC vasculitis can be associated with 
both type II and III cryoglobulins. In the rheumatologic surveys, 
patients with type III MC outnumbered those with type II MC 
(Gorevic et al., 1980); conversely, surveys based on the description 
of renal involvement revealed a greater prevalence of type II MC, 
the monoclonal IgM component being mostly IgMκ (Tarantino 
et  al., 1981). While in the few cases of type III MC with renal 
involvement the glomerular lesions were variable and non-specific, 
in type II MC, in which IgMκ was the monoclonal component, 
a specific well-characterized pattern of glomerular disease has 
been described, called ‘cryoglobulinaemic glomerulonephritis’ 
(D’Amico, 1998). Patients with MC usually show serum positiv-
ity for anti-HCV antibodies and HCV RNA in serum. Serum RF, 
which is elevated in 16–70% of HCV-positive patients, is usually 
increased in the setting of HCV-MC; the serum levels of C4 and 
C1q are usually very low. Some patients exhibit normal aspartate 
aminotransferase/alanine aminotransferase levels or only mild ele-
vation of liver enzymes (60–70% of cases).

The amount of circulating cryoglobulin is usually measured as 
cryocrit, showing various levels in different patients and in the 
same patients at various times. The relationship between the sever-
ity of the extrarenal and renal manifestations and the cryocrit level 
is still discussed. The frequency of kidney involvement in MC var-
ies from 8% to 58% of patients. In a minority of cases, the renal 
disease can be the first and unique presenting manifestation which 
makes the diagnosis of MC possible. More than half of patients 
have proteinuria and/or haematuria only. A nephritic syndrome 
is diagnosed in about 20% of cases. An acute nephritic syndrome, 
featured by haematuria, proteinuria, and a sudden rise in serum 
creatinine level develops in a similar proportion. Often both 
nephrotic and nephritic syndromes are simultaneously present. In 
10% of patients, an acute oliguric kidney failure is the first indica-
tor of kidney disease. Arterial hypertension is a frequent symptom, 
affecting > 50% of patients at the time of diagnosis. This compli-
cation is frequently severe and requires intense therapy. In many 
cases, a malignant hypertension is associated with rapidly progres-
sive nephritis, while in others, refractory hypertension is inde-
pendent of the severity of kidney disease (Tarantino et al., 1981). 

Signs of MC vasculitis usually precede the renal disease for many 
years; however, in 39% of cases, renal and extrarenal involvement 
are concurrent. Main extrarenal clinical features of MC include 
skin purpura, arthralgia, neuropathy, and hypocomplementaemia. 
Additional extrarenal signs are hepatomegaly, sicca syndrome, and 
central nervous system (CNS) and gut involvement (Saadoun et al., 
2011b). Peripheral neuropathy has been mostly described as both a 
motor and sensory polyneuropathy, mainly distal, and of subacute 
onset, although cases of exclusively asymmetrical sensory neuropa-
thy have been reported (Costa et al., 2003). Two main pathogenic 
mechanisms have been suggested, cryoglobulin deposition in the 
vasa vasorum, and necrotizing vasculitis. The first mechanism may 
account for the pattern of progressive sensory polyneuropathy and 
the second for the multineuropathy features (Authier et al., 1993; 
Saadoun et al., 2010). In some series, when electromyography was 
routinely made, an abnormal peripheral nerve conduction was 
observed in 70% of patients (Valli et  al., 1989). Less frequently, 
patients may present with a CNS involvement due to cerebral vas-
culitis (Casato et  al., 2005). Gastrointestinal manifestations are 
reported in 7.4% of patients with HCV-MC vasculitis. Abdominal 
pain, surgical abdomen, and/or intestinal bleeding were the main 
presentation. Patients with gastrointestinal manifestations showed 
more frequent renal (75% vs 30%; P = 0.003) and cardiac involve-
ment (25% vs 2%; P = 0.006), and higher cryoglobulin levels (2.2 
g/L vs 1.2 g/L; P = 0.07) (Terrier et al., 2010a). In many series, the 
pulmonary involvement was infrequent; however, when pulmo-
nary function was routinely investigated, functional abnormalities 
related to the immunologic aggression to lung interstitium were 
seen in 61% of patients (Viegi et al., 1989).

The first clinical manifestations of type II MC usually appear in 
the fourth to fifth decade of life. Women outnumber men, and MC 
incidence varies in different geographical areas. The course of MC 
is usually characterized by periods of extrarenal symptoms alter-
nated with periods of quiescence. The exacerbation of extrarenal 
symptoms is often associated with a flare of the renal disease, but 
it can occur independently. Renal disease in many patients shows 
an indolent course, and end-stage renal disease requiring dialysis 
is rare (< 10%); patients with cryoglobulinaemic nephritis have a 
poor prognosis mainly because of a high incidence of infectious 
and cardiovascular diseases (Terrier et al., 2011b).

A very large series was made by Roccatello et  al. (2007), who 
included 146 patients with cryoglobulinaemic nephritis, of whom 
87% (N = 127) were HCV positive. Type II cryoglobulin (IgG/IgMκ) 
occurred in 74.4% of cases. The remainder had type III cryoglobulins. 
A diffuse MPGN was the most common histologic pattern (83%). 
A multivariate Cox regression proportional hazard model showed 
that age, serum creatinine level, and proteinuria at onset of renal dis-
ease were associated independently with risk for developing severe 
renal failure at follow-up. Survival at 10 years was about 30% and 
cardiovascular disease was the cause of death in > 60% of patients; 
additional causes of death included infections (10%), hepatic fail-
ure (19%), and neoplasia (3%). Kaplan–Meier survival curves were 
worsened by baseline serum creatinine > 1.5 mg/dL. These findings 
are greatly different from those observed by Tarantino et al. (1995) 
who enrolled 105 patients and showed that the number of deaths 
caused by infections (21%) and hepatic failure (19%) approached the 
number of deaths caused by cardiovascular diseases (29%). These 
conflicting results have been attributed to different use of antibiot-
ics, antiviral agents, or immunosuppressive drugs. In a recent study 
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of 151 consecutive HCV RNA-positive patients with MC vasculitis 
prospectively followed up between 1993 and 2009, baseline factors 
associated with a poor prognosis were the presence of severe liver 
fibrosis (hazard ratio (HR), 5.31), CNS involvement (HR 2.74), kid-
ney involvement (HR 1.91), and heart involvement (HR 4.2). Use of 
antiviral agents was associated with a good prognosis, whereas treat-
ment with immunosuppressant agents had a negative impact. The 
1-year, 3-year, 5-year, and 10-year survival rates were 96%, 86%, 75%, 
and 63%, respectively (Terrier et al., 2011b).

Therapeutic management of HCV-associated 
mixed cryoglobulinaemia
The discovery of HCV and the analysis of pathophysiologi-
cal mechanisms provided the opportunity to control HCV-MC 
with: (a) antiviral therapy based on the belief that the underlying 
infection is driving immune complex formation and resultant vas-
culitis, (b) B-cell depletion therapy targeting B cells which produce 
cryoglobulin, and (c)  non-specific immunosuppressive therapy 
targeting inflammatory cells present in vasculitic lesions. Potential 
adverse effects of immunosuppressive therapy with glucocorticoids 
and cytotoxic drugs on an underlying chronic viral infection are a 
matter of concern.

Antiviral agents
The treatment of HCV infection (i.e. in the absence of HCV-MC) 
has progressed dramatically over the past 20 years with the stand-
ard of pegylated interferon alpha (PEG-IFN-a) and ribavirin 
therapy leading to sustained virological clearance in nearly half 
of patients. The early attempts to control HCV-MC with stand-
ard thrice weekly IFN-a was not surprisingly associated with a 
relatively poor response and a high relapse rate because of its low 
antiviral efficacy, especially in severe cases (Casato et  al., 1997). 
IFN-a monotherapy was effective in 50–100% of patients with 
purpuric skin lesions, but did not demonstrate efficacy on neuro-
logical or renal involvement. Clinical improvement of HCV-MC 
correlated with virological response and when follow-up was suf-
ficient, most of the responders developed virological and clini-
cal relapses following IFN-a withdrawal (Dammacco et al., 1994; 
Misiani et al., 1994; Casato et al., 1997). In three uncontrolled stud-
ies (Zuckerman et al., 2000; Naarendorp et al., 2001; Cacoub et al., 
2002), combination therapy with standard IFN-a and ribavirin 
demonstrated enhanced efficacy on main HCV-MC manifestations 
(cutaneous, 100%; renal, 50%; and neurological, 25–75%). Two 
studies reported a loss of proteinuria and haematuria in sustained 
virological responders without significant changes in renal func-
tion, regardless of the virological response to treatment (Bruchfeld 
et al., 2003; Alric et al., 2004). The better antiviral regimen with 
PEG-IFN-a plus ribavirin was used in 72 consecutive HCV-MC 
patients (Saadoun et al., 2006a) and permitted to achieve a higher 
rate of complete clinical (67.5% vs 56.2%) and virological response 
(62.5% vs 53.1%) as compared with standard IFN-a plus ribavirin, 
regardless of HCV genotype and viral load. In multivariate analysis, 
an early virological response at month 3 (odds ratio (OR), 3.53) was 
independently associated with a complete clinical response of MC 
whereas a glomerular filtration rate (GFR) < 70 mL/min (OR 0.18) 
was negatively associated with a complete clinical response.

A recent meta-analysis of controlled clinical trials comparing 
the efficacy and safety of antiviral versus immunosuppressive ther-
apy (corticosteroids alone or with cyclophosphamide) in patients 

with HCV-induced glomerulonephritis showed that proteinuria 
decreased more (OR 3.86) after antiviral therapy (IFN-a mono-
therapy for at least 6  months). However, both treatments failed 
to significantly improve renal dysfunction. Of note, in all patients 
with proteinuria reduction, an HCV RNA clearance was shown at 
the end of antiviral therapy (Fabrizi et al., 2007).

Although 60–70% of HCV-MC patients exhibit sustained viro-
logical response with PEG-IFN-a plus ribavirin combination for 
13–14 months, 30–40% of such patients remain refractory to this 
antiviral therapy. Specifically targeted antiviral therapy for HCV 
(STAT-C) might represent promising drugs to increase the virologi-
cal response rate and thus, the clinical and immunological response 
of MC vasculitis (Hezode et al., 2009; McHutchison et al., 2009). 
In an open-label, prospective, single-centre cohort study (Saadoun 
et al., 2014), the efficacy of an NS3 protease inhibitor (boceprevir or 
telaprevir) in combination with PEG-INF-a2a (180 micrograms) 
or 2b (1.5 micrograms/kg) and ribavirin (800–1400 mg/day) was 
evaluated in 13 HCV-cryoglobulinaemia vasculitis patients. The 
main HCV-cryoglobulinaemia vasculitis manifestations included 
purpura (N = 10), polyneuropathy (N = 10), arthralgia (N = 6), and 
kidney involvement (N = 3). After 1 month of the PEG-IFN-a/rib-
avirin/protease inhibitor combination, 11 patients (85%) showed 
an early virological response (HCV-RNA level <1.1 log copies/mL). 
Nine patients showed a complete clinical response of cryoglobuli-
naemia vasculitis and four were partial responders. After 3 months 
of PEG-IFN-a/ribavirin/protease inhibitor combination therapy, 
the MC serum level dropped from 1.3 to 0.3 g/L, while the C4 
serum level increased from 0.09 to 0.13 g/L. However, such com-
bination therapy should be given for 48 weeks and serious adverse 
events occurred in up to 47% of patients. Other direct-acting anti-
virals are now becoming available. The NS3/4A inhibitor sime-
previr and NS5B inhibitor sofosbuvir have recently been licensed. 
These agents facilitate the use of shortened courses of combination 
IFN-free therapy, which are associated with high (> 95%) SVR rates 
and relatively few toxicities. International guidelines (i.e. European 
Association for the Study of the Liver 2014 guidelines) state that 
treatment should be scheduled, not deferred, for patients with sig-
nificant liver fibrosis and those with significant extrahepatic mani-
festations, such as symptomatic cryoglobulinemia. As far as SVR 
has been previously associated to mixed cryoglobulinemia vascu-
litis remission in most patients, there is no doubt that new HCV 
treatments should add a major benefit.

B-cell depletion therapy
Several Italian groups have reported on the efficacy of anti-CD20 
monoclonal antibody, rituximab (RTX), in patients with HCV-MC 
vasculitis resistant or intolerant to IFN-a monotherapy (Sansonno 
et al., 2003; Roccatello et al., 2004). A complete clinical response was 
reported in 60–70% of cases, with cryoglobulin clearance in one-third 
of patients. However, the absence of efficacy on HCV clearance and 
the high relapse rates supported the need for combined antiviral 
therapy to block the HCV infection trigger and obviate long-term 
liver complications (Cacoub et al., 2008). A recent prospective con-
trolled trial showed the superiority of a combination of RTX plus 
PEG-IFN α2b-ribavirin compared to PEG-IFN-α2b-ribavirin in 
severe HCV-associated MC vasculitis, with a more rapid improve-
ment, a higher rate of kidney complete response, and a good safety 
profile (Saadoun et  al., 2010). RTX plus PEG-IFN-α2b-ribavirin 
induced a clinical complete (CR) and partial (PR) response in 80% 
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and 15% of cases, respectively; an immunological CR and PR in 67% 
and 33%, respectively; and a sustained virological response in 55%. 
A similar superiority of the RTX plus PEG-IFN-α-ribavirin regimen 
has been reported by another group (Dammacco et al., 2010).

The efficacy and tolerance of RTX, with and without combined 
antiviral therapy, in a large cohort of HCV-vasculitis patients 
with a long-term follow-up was recently reported (Terrier et al., 
2009). RTX alone induced a clinical CR and PR in 58% and 9% of 
patients, and immunological CR and PR in 46% and 36%, respec-
tively. Patients treated with RTX without antiviral therapy showed 
stable levels of HCV RNA and a slight non-significant increase of 
alanine aminotransferase levels (1.5 times the upper limit of nor-
mal value at baseline to 1.7 times at the end of follow-up). These 
findings are reassuring regarding the use of RTX in HCV-infected 
patients, even in the absence of antiviral therapy. However, in rare 
cases, RTX may form a complex with RF-positive IgMk, leading to 
accelerated cryoprecipitation and to severe systemic reactions. To 
decrease the risk of such side effect, RTX should be administered 
with the use of 375 mg/m2/week protocol (4 consecutive weeks) 
and sometimes plasma exchanges prior to RTX infusion in patients 
with high baseline values of MC (Sene et al., 2009).

Immunomodulation
Patients with HCV cryoglobulinaemic vasculitis have been shown 
to have a reversible quantitative defect of the CD4+CD25+FoxP3+ 
regulatory T cells (Tregs) after resolution of HCV infection and 
vasculitis cure (Landau et  al., 2008). Interleukin 2 (IL-2), a 
cytokine that promotes Treg survival and function, could be ben-
eficial for such patients who are resistant to HCV therapy. The 
safety and immunological effects of low-dose IL-2 were recently 
reported in a prospective, open-label phase I/IIa study (Saadoun 
et  al., 2011a). Ten patients with HCV-cryoglobulinaemia vas-
culitis that was refractory to conventional antiviral and/or RTX 
therapy received one IL-2 course of 1.5 million IU/day for 5 days, 
followed by three 5-day courses of 3 million IU/day at weeks 3, 
6, and 9. There were no drug-related adverse events greater than 
grade 1. The treatment did not induce effector T-cell activation, 
vasculitis flare, or increased viraemia. Improvement of the vas-
culitis symptoms was found in 8 of 10 patients. Administration 
of low-dose IL-2 was followed by an increase in the percentage 
of CD4+CD25hiCD127–Foxp3+ Tregs, with potent suppressive 
activity in all subjects, and a concomitantly decreased propor-
tion of marginal zone B cells.

Non-specific immunosuppressive agents
Immunosuppressive agents have been given to MC patients with 
severe disease manifestations such as MPGN, severe neuropathy, 
and life-threatening complication. A combination of corticoster-
oids and immunosuppressant such as cyclophosphamide and aza-
thioprine has been used while awaiting the generally slow response 
to antiviral treatments. In a large retrospective study of 105 patients 
with MC-associated renal disease associated with cryoglobuli-
naemia vasculitis, 80% were administered corticosteroids and/or 
cytotoxic agents, while 67% underwent plasmapheresis (Tarantino 
et al., 1995). Despite this aggressive approach, long-lasting remis-
sion of the renal disease was achieved in only 14% of cases, and the 
10-year survival rate was only 49%.

Corticosteroids, used alone or in addition to IFN-a, did 
not favourably affect the response of HCV-related vasculitis 

manifestations in two controlled studies (Misiani et al., 1994; Casato 
et al., 1997). In one randomized trial, methylprednisolone alone 
given for 1 year was associated with clinical response in 22% of 
patients, compared with 66% and 71% in patients receiving IFN-a 
or IFN-a plus methylprednisolone, respectively (Dammacco et al., 
1994). Low-dose corticosteroids may help to control minor inter-
mittent inflammatory signs such as arthralgia but do not succeed in 
cases of major organ involvement (i.e. neurological, renal), or in the 
long-term control of MC vasculitis.

Plasmapheresis offers the theoretical advantage of removing the 
pathogenic cryoglobulins from the circulation in order to avoid 
the rebound increase in cryoglobulinaemia commonly seen after 
discontinuation of apheresis. When used in combination with 
anti-HCV treatment, plasmapheresis did not modify the virologi-
cal response if IFN-a was given after each plasma exchange session 
(Hausfater et al., 2002).

Therapeutic guidelines
It appears logical that aggressive antiviral therapy with PEG-IFN 
and ribavirin be considered as induction therapy for HCV-MC 
with mild to moderate disease severity and activity (i.e. with-
out rapidly progressive nephritis, motor neuropathy, or other 
life-threatening complications) (Fig. 151.4). The duration of 
therapy has not yet been rigorously determined but treatment 
courses longer than those merely based on genotype alone 
appear more likely to be effective, that is, at least 13  months 
(Cacoub et  al., 2002). Of note, optimal antiviral regimen will 
be probably soon modified with new anti-HCV drugs (such as 
protease inhibitors) to increase the rates of sustained virological 
response. In patients presenting with severe disease (i.e. progres-
sive renal disease, progressive motor neuropathy, extensive skin 
disease including ulcers and distal necrosis), an induction phase 
with RTX and/or plasmapheresis may be useful, before starting 
HCV treatment.

Non-HCV mixed cryoglobulinaemic 
vasculitis
Epidemiology
The prevalence and the incidence of cryoglobulinaemic vasculi-
tis are unknown, in particular because of the heterogeneity in the 
cause, the clinical presentation, and the geographical distribution. 
Before the HCV era, the prevalence of the disease was reported 
as approximately 1:100,000 individuals (Gorevic et  al., 1980). 
Idiopathic cryoglobulinaemic vasculitis was suggested to be more 
common in Southern Europe than in Northern Europe or North 
America. This finding was mainly related to the higher preva-
lence of HCV infection in such countries, when studies included 
HCV-positive and -negative patients (Cacoub et  al., 1994; Ferri 
et al., 2002). In contrast to HCV infection, idiopathic cryoglobuli-
naemia vasculitis is considered to be a rare disorder, but no recent 
study has evaluated the prevalence of the disease. Idiopathic cryo-
globulinaemia vasculitis appears more common in patients aged 
45–65 years, with a maximum incidence in women (sex ratio of 
women:men is 2–3:1) (Ferri et al., 2002; Saadoun et al., 2006b). No 
predominant ethnicity is found.

Cryoglobulinaemic vasculitis can cause significant morbidity 
and mortality. In the literature, the worse prognostic factors were 
age (> 60 years) and renal involvement (Tarantino et al., 1995; Ferri 
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et al., 2004). Renal involvement was reported as the main cause of 
death (Meltzer et al., 1966; Gorevic et al., 1980; Tarantino et al., 
1995; Ferri et al., 2004; Della Rossa et al., 2010), followed by liver 
involvement, cardiovascular disease, infection, and lymphoma 
(Ferri et  al., 2004). However, as indicated previously, most of 
these results were derived from old heterogeneous studies, includ-
ing mostly HCV-positive and -negative MC patients, which may 
differ in terms of therapeutic management and outcome, in par-
ticular regarding liver complications. A retrospective study in the 
HCV era, including non-HCV patients with MC, reported a poor 
outcome and a fourfold increased risk of developing B-cell non 
Hodgkin lymphoma (B-NHL). In multivariate analysis, a serum 
cryoglobulin level > 0.6 g/L (OR 1.44) and the presence of cryoglo-
bulinaemia vasculitis (OR 4.3) and hypogammaglobulinaemia (OR 
6.7) were independently associated with B-NHL. Fourteen per cent 
of patients had died, primarily of serious infections. An age at diag-
nosis > 60 years (OR 1.06) and renal involvement (OR 5.20) were 
independently associated with death (Ramos-Casals et  al., 2006; 
Saadoun et al., 2006b).

Clinical features
The most frequently targeted organs of non-HCV-MC vasculitis 
are skin, joints, nerves, and kidney. The disease expression is vari-
able, ranging from mild clinical symptoms (purpura, arthralgia) 
to fulminant life-threatening complications (glomerulonephritis, 
widespread vasculitis) (Gorevic et al., 1980; Invernizzi et al., 1984; 
Monti et al., 1995; Ferri et al., 2002). The rates of most clinical and 
immunological manifestations of MC vasculitis are quite similar 
in HCV-positive and -negative patients (Table 151.2) (Trejo et al., 
2001; Saadoun et al., 2006b; Ferri, 2008). However, renal manifes-
tations are more frequently reported in HCV-negative patients, in 
14–63 % of patients (Trejo et al., 2001; Saadoun et al., 2006b; Ferri 
et al., 2008). The most frequent clinical and histological picture is an 
acute or chronic type I MPGN with subendothelial deposits, repre-
senting 70–80% of MC renal diseases, which is strongly associated 
with the type II IgMk MC (D’Amico 1998; Beddhu et al., 2002). 
The most frequent presentation is a proteinuria with microscopic 
haematuria and a variable degree of renal insufficiency (Tarantino 
et al., 1995). Nephrotic proteinuria or acute nephritic syndrome 

can also reveal MC renal involvement. New-onset arterial hyper-
tension is seen in 80% of cases.

A French retrospective series of 20 patients with non-HCV-MC 
and renal disease showed that MC was related to primary Sjögren 
syndrome in nine patients and non-Hodgkin lymphoma in one 
patient, while it was classified as essential in the remaining 10 
cases. Renal involvement was characterized by microscopic haema-
turia in all patients, nephrotic range proteinuria in 75% of patients, 
hypertension in 80% of patients, and renal failure in 85% (mean 
GFR 46 mL/min/1.73 m2). MPGN with subendothelial deposits 
was observed in all kidney specimens. Skin vasculitis was the main 
extrarenal manifestation. In all patients, cryoglobulinaemia was 
classified as type II MC (Matignon et al., 2009).

Interestingly, a recent study analysed baseline factors associated 
with prognosis in patients with HCV-negative cryoglobulinaemic 
vasculitis (Terrier et  al., 2013a). It found results that were quite 
similar to those in HCV-positive cryoglobulinaemic vasculitis, as 
the 1-year, 2-year, 5-year, and 10-year overall survival rates were 
91%, 89%, 79%, and 65%, respectively. Deaths were related to seri-
ous infections in half the cases and to vasculitis flare in 20%.

Aetiology
The proportion of aetiological factors in two European studies is 
detailed in Table 151.3 (Trejo et al., 2001; Saadoun et al., 2006a). 
Type I cryoglobulins are always linked to a B-cell lymphoprolif-
erative disorder. Type II and III MCs may be linked to B-cell lym-
phoproliferative disorder, autoimmune disorders, and/or infections 
(Saadoun et al., 2006a). As indicated previously, HCV infection is 
the most frequent cause of MC, representing 70–80% of cryoglo-
bulinaemic vasculitis cases (Cacoub et al., 1999; Trejo et al., 2001; 
Saadoun et al., 2006b). Non-HCV-MC represents 10–25% of cases.

In our experience, type II MC are more frequently symptomatic 
than type III MC, with more frequent purpura, renal involvement, 
low C4 complement level, and higher cryoglobulin level (Saadoun 
et al., 2006a). Other groups found comparable clinical presenta-
tion between type II and type III MC vasculitis (Ferri et al., 2002). 
Type  II MC are more frequently associated with haematological 
disorders than type III MC. Patients without HCV infection are 
more often women with more frequent renal involvement, B-NHL, 

Mild to moderate
disease

(Purpura, arthralgia,
polyneuropathy)

PEG-IFN-α + Ribavirin
Rituximab

PEG IFN-α + Ribavirin
Steroids, plasma exchange,
cyclophosphamide and/or

rituximab.
PEG IFN-α + Ribavirin

(deferred)

Servere disease
(Progressive renal disease,

mononeuritis multiplex, skin
ulcer)

Life-threatening
(Rapidly progressive nephritis,

CNS, digestive and/or pulmonary
involvement)

�erapeutic Strategies in
HCV-related Cryoglobulinemic Vasculitis

Fig. 151.4 Treatment of HCV-related mixed cryoglobulinaemia vasculitis according to the clinic-biological presentation.
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low C4 complement level, hypogammaglobulinaemia and high 
cryoglobulin level, but less frequent RF activity than HCV-infected 
patients (Saadoun et al., 2006a).

Treatment of cryoglobulinaemia vasculitis in patients 
without HCV infection
In contrast to HCV-MC, the therapeutic management of 
non-HCV-MC vasculitis has yet to be defined since no study has 
evaluated the best strategies. In patients with mild to moderate cry-
oglobulinaemia vasculitis, treatment may include the avoiding of 
cold temperatures, resting in case of purpura, and non-aggressive 
medications such as non-steroidal anti-inflammatory drugs, col-
chicine, and dapsone. Treatment of severe cryoglobulinaemia 
vasculitis is based on a combination of corticosteroids and immu-
nosuppressants or plasmapheresis, sometimes associated with 
iloprost, low-dose aspirin, and/or anticoagulant in case of dis-
tal ischaemia. However, the results of these treatments are often 

disappointing (Tarantino et  al., 1995). Besides the targeting of 
inflammatory cells with non-specific immunosuppressive therapy, 
the opportunity to target cryoglobulin-producing B cells with spe-
cific agents such as RTX has emerged.

Non-specific immunosuppressive agents are typically given to 
patients with severe disease manifestations such as MPGN, severe 
neuropathy, and other life-threatening complications. A combina-
tion of corticosteroids and immunosuppressant such as cyclophos-
phamide, chloraminophene, and azathioprine has been used. The 
benefit of plasmapheresis is controversial with the risk of relapse or 
rebound at discontinuation.

B-cell depletion therapy has been recently used in patients with 
cryoglobulinaemic vasculitis. Data on the efficacy and safety of RTX 
in non-viral cryoglobulinaemia vasculitis are scarce, since only a 
few case reports have been reported in the literature (Arzoo et al., 
2002; Zaja et  al., 2003; Koukoulaki et  al., 2005; Nehme-Schuster 
et al., 2005; Basse et al., 2006; Bryce et al., 2006; Cohen et al., 2007; 
Braun et al., 2008; Pandrangi et al., 2008; Quartuccio et al., 2008; 
Cavallo et al., 2009; Ruch et al., 2009; Annear et al., 2010). A French 
study recently reported on the safety and efficacy of RTX in the larg-
est series of 23 patients with non-viral cryoglobulinaemic vasculitis 
(Terrier et al., 2010a). RTX showed a clinical and immunological 
response in > 80%. However, side effects were noted in almost half of 
patients, including severe infections in 26%, with a rate of 14.1/100 
patient-years. These infections occurred in patients with age > 
70 years, essential type II MC, renal failure with GFR < 60 mL/min, 
and receiving high-dose corticosteroids. Interestingly, long-term 
follow-up of non-viral cryoglobulinaemic vasculitis patients before 
the RTX era also revealed an increased risk of death, due primarily 
to sepsis, in patients > 60 years with renal involvement (Saadoun 
et  al., 2006a). Similar results have been recently reported from a 

Table 151.2 Main clinical and immunological findings in HCV-positive 
and negative patients with cryoglobulinaemic vasculitis

Findings Trejo et al., 
2001

Saadoun 
et al., 
2006b

Saadoun 
et al., 
2006b

Ferri, 2008

N 206 118 65 250

HCV status HCV 
positive and 
negative

HCV 
positive

HCV 
negative

HCV positive 
(92%) and 
negative

Clinical features

Age at disease onset, 
mean ± SD years 
(range)

– 65 ± 14 64 ± 15 54 ± 13

Female/male ratio – 1.1 2.2 3

Purpura 54% 59% 49% 98%

Weakness 22% – – 98%

Arthralgias 44% 45% 58% 91%

Arthritis 
(non-erosive)

– – – 8%

Sicca syndrome – – – 51%

Peripheral 
neuropathy

17% 43% 31% 81%

Renal involvement 56% 14% 63% 31%

B-NHL – 14% 35% 11%

Laboratory features

Cryocrit, mean ± SD – 0.9 ± 0.9 
g/L

1.2 ± 1.6 
g/L

4.4 ± 12%

Type II/type III mixed 
cryoglobulins

– 5.6/1 5.5/1 2/1

C3, mean ± SD mg/
dL (normal 60–130)

– – – 93 ± 30

C4, mean ± SD mg/
dL (normal 20–55)

– – – 10 ± 12

Table 151.3 Proportion of main aetiological factors in patients 
with cryoglobulinaemia

Aetiological factors Trejo et al., 2001 Saadoun, 2006b

N 443 1434

Infection 75% 92%

Hepatitis C virus 73% 91%

Hepatitis B virus 3% –

HIV 19% –

Autoimmune disorders 24% 3%

Primary Sjögren syndrome 9% –

Systemic lupus erythematosus 7% –

Rheumatoid arthritis 0.5% –

Haematological disorders 7% 2.5%

Non-Hodgkin lymphoma 4% –

Chronic lymphocytic leukaemia 1% –

Multiple myeloma 1% –

Hodgkin lymphoma 0.5% –

Essential or idiopathic 
cryoglobulinaemia

11% 2.5%
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large cohort of 242 patients presenting with non-infectious MC vas-
culitis (Terrier et al., 2012). These findings emphasize the intrinsic 
poor prognosis of this disorder and do not allow conclusions to be 
drawn about a specific toxicity attributable to RTX.

Type I cryoglobulinaemia
Type I cryoglobulins are always linked to a B-cell lymphoprolifera-
tive disorder, that is, multiple myeloma, Waldenström macroglob-
ulinaemia, chronic lymphocytic leukaemia, B-NHL, and hairy cell 
leukaemia. Type I  cryoglobulinaemic vasculitis presentation is 
often severe, in part because of high cryoglobulin levels, with fre-
quent cutaneous and renal involvement (Monti et al., 1995; Trejo 
et al., 2001). Renal involvement has been described rarely in type 
I cryoglobulinaemia. In their first description, Brouet et al. (1974) 
reported that 25% of all cases of type I cryoglobulinaemia developed 
kidney disease but no description of histologic lesions was made. 
A more recent study reported that renal involvement occurred in 
around 40% of patients with type I cryoglobulinaemia (Trejo et al., 
2001). By contrast, only 30 cases of type I cryoglobulinaemia with 
biopsy-proven glomerulonephritis have been reported in the medi-
cal literature to date (Ponticelli et al., 1977; Grcevska et al., 1998; 
Karras et al., 2002). Some of these cases resulted from a monoclonal 
IgM component, but the majority was related to IgG monoclonal 
component (with κ light chain in the majority of patients studied). 
When explored, hepatitis C serology was always negative.

Kidney disease was essentially a nephrotic syndrome with micro-
scopic haematuria and renal failure (Karras et al., 2002). Serum cre-
atinine ranged between 0.94 and 9.42 mg/dL. Serum component 
was low in most of the patients (10/17 = 59%), and RF activity was 
present in approximately half of them (9/17 = 53%). Renal histology 
showed almost constantly MPGN with monotypic immunoglobu-
lin deposits corresponding to the monoclonal serum cryoglobulin. 
Capillary obstruction and interstitial mononuclear cell infiltra-
tion was also commonly noted. Electron microscopy frequently 
revealed fibrillary or microtubular deposits. Partial remission was 
achieved in some cases, especially when patients were treated with 
cyclophosphamide or chlorambucil associated with corticosteroids.

In a very recent French nationwide survey, 64 patients with type 
I  cryoglobulinaemic vasculitis have been reported including 28 
patients with monoclonal gammopathy of unknown significance 
(MGUS) and 36 with haematological malignancy (Terrier et  al., 
2013b). Type I cryoglobulinaemic vasculitis was characterized by 
severe cutaneous involvement (necrosis and ulcers) in almost half 
the patients and high serum cryoglobulin levels, contrasting with a 
lower frequency of glomerulonephritis than expected (30%). The 
1-, 3-, 5-, and 10-year survival rates were 97%, 94%, 94%, and 87%, 
respectively. Compared to MGUS, type I cryoglobulinaemia vascu-
litis related to haematological malignancy tended to be associated 
with a poorer prognosis. Therapeutic regimens based on alkylat-
ing agents, RTX, thalidomide, or lenalidomide, and bortezomib 
showed similar efficacy on vasculitis manifestations, with clinical 
response rates from 80% to 86%.

In an experimental model of murine monoclonal cryoglobuli-
naemia with MPGN, it was shown that cryoprecipitation is due 
to a particular γ3 constant region, although its nephrogenicity is 
abolished by a limited variation in the variable Vκ domain (Rengers 
et al., 2000). This suggests that cryoprecipitation and tissue dep-
osition may be isotype dependent in animal models and human 
pathology.

Type I  cryoglobulinaemic vasculitis is often life-threatening 
because of the severity of cutaneous and visceral involvement 
and the constant underlying malignant haematological disorder. 
Treatment of vasculitis is that of the haemopathy, but specific 
treatment may also be indicated, including plasma exchange, cor-
ticosteroids, RTX, or iloprost. The efficacy of RTX in type I cryo-
globulinaemia is controversial. The absence of CD20 expression on 
plasma cells was supposed to explain a lack of efficacy. It has been 
also suggested that CD20 cross-linking could provoke cryoglobulin 
release through massive B-cell apoptosis or activation, which raises 
some issues as to the use of RTX in these patients.

Conclusion
Cryoglobulinaemia is a pathological condition characterized by the 
presence in the blood of a group of proteins showing the common 
property of precipitating from cooled serum. HCV is increasingly 
recognized as an instigator of B-cell lymphoproliferative disorders 
including MC. However, it remains unknown how exactly B cells 
activate, clonally expand, and differentiate to produce pathologi-
cal quantities of self-reactive RF during the course of chronic HCV 
infection. Cryoglobulins are immune complexes that precipitate 
and deposit on vascular endothelium giving a small-sized vessel 
vasculitis in various organs, mainly the skin, kidneys, and periph-
eral nerves. A  well-characterized pattern of glomerular disease 
termed ‘cryoglobulinaemic glomerulonephritis’ is frequent in indi-
viduals with HCV-associated MC; the most important histologic 
picture of cryoglobulinaemic glomerulonephritis is type I MPGN 
with subendothelial deposits. Recent advances have been made in 
the management of HCV-associated cryoglobulinaemic vasculitis 
with kidney involvement, and various approaches have been tried 
including optimal antiviral regimen, immunosuppressive therapy 
(corticosteroids, RTX, and cytotoxic agents), and plasma exchange. 
We recommend that the treatment of HCV-related MC vasculitis 
should be made according to the clinico-biological presentation.
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CHAPTER 152

The patient with amyloidosis
Helen J. Lachmann and Giampaolo Merlini

Introduction
Amyloidosis is a generic term for a group of diseases caused by 
misfolding and extracellular accumulation of certain proteins as 
fibrillar deposits that stain with Congo red and produce pathog-
nomonic green birefringence when viewed by microscopy under 
crossed polarized light. The process of amyloid formation and 
deposition causes tissue toxicity and progressive organ dysfunc-
tion. Amyloidosis is remarkably diverse and can be hereditary 
or acquired, localized or systemic, and lethal or merely an inci-
dental finding. So far almost 30 different human proteins with 
amyloidogenic potential have been identified of which 15 cause 
systemic amyloidosis, and the kidney is substantially involved 
in nine of the latter (Table 152.1). The different types of amy-
loid contain different fibril precursor proteins and are distinct 
diseases. Current management of amyloidosis is dependent on 
recognizing the type and the underlying condition which it 
complicates.

Without treatment, systemic disease is usually fatal but meas-
ures that reduce the supply of amyloid fibril precursor proteins can 
result in regression of amyloid deposits, prevention of organ failure, 
and improved survival.

Aetiology
Amyloidoses comprise a heterogeneous group of disorders in 
which a protein or peptide loses, or fails to acquire, its physiologic, 
functional folding and, in its misfolded state, undergoes fibrilliza-
tion and extracellular deposition (Merlini and Bellotti, 2003). These 
deposits display distinctive ultrastructural (beta-sheet conforma-
tion) and tinctorial properties. The process of amyloid formation 
and deposition ultimately results in tissue damage and organ dys-
function (Fig. 152.1).

Basic research and clinical observations have identified some 
elements associated with the ability of a protein to form amyloid 
in vivo and give rise to disease, and these include the following:
u Pathologic and sustained increase in the concentration of a 

protein with increased propensity to aggregate. This is the case 
of the acute phase reactant serum amyloid A protein (SAA) in 
chronic inflammations and of β2-microglobulin in patients with 
end-stage renal failure (ESRF).

u Mutations that destabilize a protein and favour its misfolding 
and aggregation, as occurs in hereditary amyloidoses

u Proteolytic remodelling of a protein, as in the case of the pro-
tease furin cleaving ABri and gelsolin and the β- and γ-secretases 
releasing amyloid-β (Aβ) peptides)

u Intrinsic propensity to misfolding, for instance, wild type 
transthyretin and apolipoprotein A-I are both associated with 
age-related amyloid deposition.

Frequently, a combination of these factors determines the amyloi-
dogenicity of an individual protein. However, the inherent amyloi-
dogenicity of a specific protein, per se, is not sufficient to account 
for amyloid deposition in vivo. Undetermined environmental and 
genetic factors must be involved in amyloidogenesis. For instance, 
only a minority of patients with long-lasting inflammation and per-
sistent elevation of SAA levels develop amyloid A (AA) amyloidosis 
(Obici et al., 2009) and, similarly, the disease-associated Val30Met 
mutation of transthyretin shows significant variation in penetrance 
and clinical presentation among different ethnic groups and geo-
graphic areas (Saraiva, 2002).

Amyloid structure
Electron microscopy and X-ray diffraction analysis reveal that 
amyloid deposits are composed of rigid, non-branching fibrils with 
an average diameter of 7.5–10 nm and a cross-β super-secondary 
structure (Cohen and Calkins, 1959; Eanes and Glenner, 1968). 
More recently, refined structural studies of amyloid fibrils by 
solid-state nuclear magnetic resonance spectroscopy and micro-
crystals of small amyloid-like peptides by X-ray diffraction analysis 
have revealed a degree of structural variation (reviewed in Chiti 
and Dobson, 2006; Greenwald and Riek, 2010).

Common constituents of amyloid deposits
Serum amyloid P (SAP) component, a glycoprotein of the pen-
traxin family, binds all types of amyloid, independently of the 
protein of origin, through a specific binding motif, and pro-
tects amyloid fibrils from proteolytic degradation (Pepys et al., 
1997). These properties make SAP a means of imaging amyloid 
deposits and an ideal therapeutic target (Bodin et  al., 2010). 
Proteoglycans are also common in amyloid deposits and heparan 
sulphate (HS) proteoglycans, in particular, show similar kinet-
ics of tissue deposition to that of fibrillar proteins. The role of 
HS in the genesis of amyloid deposits has been demonstrated in 
a transgenic experimental model in which the fragmentation of 
HS by heparanase resulted in resistance to the induction of AA 
amyloidosis (Li et al., 2005). HS accelerates the transition of the 
amyloid protein from the native state into the amyloidogenic par-
tially folded state (Motamedi-Shad et al., 2009) and promotes the 
rate of fibril formation of amyloidogenic immunoglobulin light 
chains (LCs) (Ren et  al., 2010; Martin and Ramirez-Alvarado, 
2011) and of other proteins through selective binding to a basic 
motif, as shown for SAA (Elimova et  al., 2009), transthyretin 
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(Noborn et  al., 2011), and amyloid-beta (Ancsin, 2003). Basic 
heparin-binding peptides have been reported to recognize 
murine and human amyloid deposits in both in vivo and ex vivo 
tissues and are potential radiotracers of amyloid deposits (Wall 
et al., 2011). Other common elements found in amyloid deposits 
are components of the extracellular matrix, such as laminin, elas-
tin, entactin, and collagen IV.

Kinetics of fibril formation
In vitro studies have shown that amyloid fibril formation proceeds, 
in many instances, through a ‘nucleated growth’ mechanism, which 
is reminiscent of crystallization. Starting from a solution of mono-
meric proteins, there is an initial lag phase, once a critical nucleus 
has been generated, fibril formation begins and proceeds with very 
fast kinetics: any amyloidogenic precursor in its aggregation-prone 
conformation is rapidly incorporated into the growing fibrils (Chiti 
and Dobson, 2006). This seeding mechanism has clinical implica-
tions, since the process of amyloid clearance, following a response 
to therapy, usually leaves traces of ‘seeds’ in tissues. In the case of a 
disease relapse, these may trigger rapid re-accumulation of amyloid 
deposits (Hawkins and Pepys, 1990).

Organ tropism
In systemic amyloidosis the precursor protein circulates in the blood 
so potentially could access almost any organ or tissue. Nonetheless, 
specific amyloidogenic proteins tend to deposit predominantly 
in defined organs, for example, the kidney for fibrinogen Aα 
chain and leucocyte chemotactic factor 2, the peripheral nerves 
for the transthyretin Met30 variant, and the joints and bones for 
β2-microglobulin. Several factors may contribute to determining the 
site of amyloid deposition: local protein concentration, interaction 
with collagen, tissue-specific glycosaminoglycans, pH, specific local 
proteolytic enzymes, or cellular receptors. For instance, it has been 
reported that the low-affinity interaction of β2-microglobulin with 
type I collagen (prevalent in bones and joints) promotes amyloid 
generation (Relini et al., 2006), and that this is strongly enhanced in 

Table 152.1 Most common forms of systemic amyloidosis with kidney 
involvement

Type Fibril precursor Note

AL Light-chain V region 
fragments

Also known as primary, 
myeloma-associated

AA (Apo) serum AA Also known as secondary, reactive

ALect2 Leukocyte chemotactic 
factor 2

Sporadic, more common in 
Mexican Americans and South 
Asians

AApoAI Apolipoprotein AI Familial, tubular dysfunction

AApoAII Apolipoprotein AII Familial, tubular dysfunction

ALys Lysozyme Familial

AFib Fibrinogen Aa-chain Familial

AGel Gelsolin Familial

ATTR Transthyretin Familial, only certain variants, and 
kidney involvement is usually late

siRNA, ASO

mRNA

Amyloid
deposits 

GAGs

CPHPC

GAG mimetics 

Oligomers

SAP

Misfolded
protein 

Small molecules
to stabilize precursor

Proteolysis

Proteases inhib. 

Organ
dysfunction

Extracellular
chaperones

CPHPC+MoAb
Anti-amyloid MoAb

Iododoxorubicin
Doxycycline

Fig. 152.1 Molecular events leading to amyloidosis. Interaction of the misfolded protein with the extracellular environment may result in proteolytic cleavage and 
binding to matrix components such as glycosaminoglycans (GAGs) and collagen that facilitate aggregation. Several lines of evidence support a role for extracellular 
chaperones in the in vivo clearance of aggregation-prone extracellular proteins. Serum amyloid P (SAP) binds to amyloid fibrils and protects them from reabsorption. The 
organ dysfunction may results from the combined action of the cytotoxic pre-fibrillar aggregates and of the amyloid deposits. Several new therapeutic approaches have 
been recently developed. The synthesis of the amyloid protein can be silenced using RNA interference (siRNA) or antisense oligonucleotides (ASO). Small molecules 
capable of stabilizing the amyloid precursor and preventing its misfolding and aggregation (diflunisal, tafamidis) are being tested in patients with ATTR amyloidosis. 
Inhibitors of proteases (secretase) are being evaluated in trials. Compounds interfering with the binding of GAGs to the amyloid proteins (eprodisate) have been tested 
successfully in patients with reactive amyloidosis. SAP can be cleared from amyloid deposits by using small palindromic drugs (CPHPC). The clearance of amyloid 
deposits can be promoted and accelerated by specific antibodies through passive and active immunotherapy. Small molecules, such as iododoxorubicin and doxycycline 
have shown to be able to disrupt the amyloid fibrils and have been tested in clinical trials.

 

 



SECTION 6 the patient with another primary diagnosis1266

the presence of heparin (Relini et al., 2008). In amyloid light-chain 
(AL) amyloidosis there is some evidence that the physicochemi-
cal characteristics (amino acid composition and conformation of 
the variable region) of the LC may be the most significant factor 
in determining the type and location of renal damage. LCs derived 
from the VL gene segment IGLV6-57 (previously named 6a) are 
preferentially associated with kidney involvement (Comenzo et al., 
2001; Perfetti et al., 2002; Abraham et al., 2003) and LCs derived 
from germline IGLV1-44 are associated with heart targeting and 
damage (Perfetti et al., 2012). Amyloidogenic LCs are taken up by 
mesangial cells, transported to mature lysosomes for processing, 
and the resulting fibrils are then extruded into the extracellular 
matrix (Teng et al., 2004; Keeling and Herrera, 2005).

Mechanisms of tissue damage
These have not been fully elucidated; the presence of large amounts 
of amyloid material can disrupt tissue architecture and mechani-
cally interfere with the physiologic function of affected organs 
(Pepys, 2006). However, compelling evidence also suggests that 
prefibrillar oligomeric species significantly contribute to organ 
dysfunction. Prefibrillar oligomers from transthyretin (Sousa et al., 
2001; Andersson et  al., 2002), Aβ (Lambert et  al., 1998; Hartley 
et al., 1999; Walsh et al., 2002), immunoglobulin LCs (Liao et al., 
2001; Brenner et al., 2004; Shi et al., 2010), and the prion protein 
(Silveira et al., 2005) have been shown to be toxic in vitro and/or 
in vivo. As a consequence of their conformational change, prefi-
brillar aggregates are predicted to expose hydrophobic portions 
that are normally buried inside the folded proteins or dispersed 
in the natively unfolded proteins. Recent in vitro studies confirm 
that structural flexibility and hydrophobic exposure are primary 
determinants of cytotoxicity (Campioni et al., 2010). Thus, organ 
damage may occur through intermingled mechanisms: the relative 
impact of amyloid deposits or prefibrillar aggregates on tissue dys-
function may vary among types of amyloidosis and organs.

Epidemiology
Systemic amyloidosis is a rare disease accounting for approxi-
mately 1 in 1500 deaths in the United Kingdom and presumably 
other developed countries. Although cases of amyloidosis have 
been reported in children it is predominantly a disease of mid to 
late life and accounts for 4% of adult renal biopsies (Mesquita et al., 
2011) and 1.6% of patients starting dialysis (Tufveson et al., 1989).

Systemic amyloidosis associated with monoclonal 
light chains, AL amyloidosis
The age-adjusted incidence of AL amyloidosis in the United States 
has been estimated to be between 5.1 and 12.8 per million peo-
ple per year and AL is the diagnosis in up to 85% renal biopsies 
containing amyloid (Said et al., 2013). Approximately 60% of cases 
are men and median age at presentation is 65 years, it can occur 
in young adults and is probably under-diagnosed in the elderly, in 
whom monoclonal gammopathies are most prevalent. AL amyloi-
dosis develops in about 2% of individuals with monoclonal B-cell 
dyscrasias (Kyle et al., 2002). The B-cell dyscrasias underlying sys-
temic AL amyloidosis can include almost any clonal proliferation 
of differentiated B lymphocytes, 94% have an underlying clone of 
plasma cells (Kyle and Gertz, 1995; Wechalekar et al., 2008). The 
clonal cell burden in AL amyloidosis is usually small (Obici et al., 

2005; Merlini and Stone 2006)  and the plasma cell proliferation 
fraction similar to monoclonal gammopathy of unknown signifi-
cance (Witzig et al., 1999). Only 10–20% of patients who are diag-
nosed with AL amyloidosis meet myeloma criteria (Perfetti et al., 
1999). Progression of the underlying monoclonal gammopathy to 
overt myeloma is rare in systemic AL amyloidosis (Rajkumar et al., 
1998), which, in part reflects patients’ short survival.

Reactive systemic, AA, amyloidosis
The exact incidence of AA amyloidosis is unclear but it accounts 
for 7–15% of the cases of amyloidosis seen at major referral cen-
tres. It is always a complication of inflammation and the list of 
chronic disorders that can be complicated by AA amyloidosis 
is summarized in Box 152.1. In industrialized countries inflam-
matory arthritides underlie 60% of cases. The prevalence of 

Box 152.1 Inflammatory conditions which have been reported 
to underlie AA amyloidosis

Chronic inflammatory arthritides

u Rheumatoid arthritis
u Juvenile inflammatory arthritis
u Ankylosing spondylitis
u Psoriatic arthropathy
u Reiter’s syndrome
u Adult Still disease.

Vasculitides

u Polyarteritis nodosa
u Takayasu arteritis
u Behçet disease
u Systemic lupus erythematosus
u Giant cell arteritis/polymyalgia rheumatic.

Chronic infections

u Bronchiectasis
u Chronic cutaneous ulcers
u Chronic pyelonephritis
u Chronic osteomyelitis
u Subacute bacterial endocarditis
u Leprosy
u Tuberculosis
u Whipple disease.

Inflammatory bowel disease

u Crohn disease
u Ulcerative colitis.
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AA amyloidosis in patients  with chronic arthritides is between 
3.6% and 5.8% (Schnitzer and Ansell, 1977; de Beer et al., 1982; 
Myllykangas-Luosujärvi et al., 1999). For unexplained reasons the 
incidence of AA amyloid is much lower in the United States than 
in Europe (Filipowicz-Sosnowska et  al., 1978; Svantesson et  al., 
1983)  and the incidence appears to be falling in Europe (Laiho 
et al., 1999). The median latency between onset of inflammation 
and diagnosis of amyloid is approximately 17 years but this var-
ies from less than a year to decades. The median age at diagno-
sis is 50 years, presentation in childhood, although becoming less 
common, is still recognized. As with all types of amyloidosis, AA 
appears slightly commoner in men who account for 56% of the 
largest characterized series (Lachmann et al., 2007).

Dialysis-related amyloidosis
β2-microglobulin amyloidosis occurs in patients who have been 
on dialysis for > 6–10  years, or very occasionally in individuals 
with longstanding, severe chronic renal impairment. Relatively 
few patients have been maintained on peritoneal dialysis for the 
5–10  years required to develop symptomatic β2-microglobulin 
amyloid, but histological studies of early subclinical deposits sug-
gests that the incidence of dialysis-related amyloidosis (DRA) 

is similar among patients receiving the two dialysis modalities 
(Ballardie et  al., 1986). β2-microglobulin amyloid deposits have 
been reported in 20–30% of patients within 3 years of commencing 
dialysis for ESRF (Jadoul, 1998) but the incidence seems to fallen 
by > 80% due to advances in dialysis technology (Schwalbe et al., 
1997; Schiffl, 2014).

Hereditary systemic amyloidosis
In the United Kingdom, the prevalence of hereditary 
non-neuropathic amyloidosis appears to be in the order of 1.5 
per million with most patients presenting in their sixth decade. 
Hereditary systemic amyloidosis accounted for 1.9% of a recent 
large North American series of renal biopsies containing amyloid 
(Said et al., 2013).

LECT2 amyloidosis
Leukocyte chemotactic factor 2 (LECT2) amyloidosis is thought 
to account for up to 2.7% of renal biopsies containing amyloid 
(Murphy et al., 2010; Said et al., 2013).

Clinical features
Systemic amyloidosis associated with monoclonal 
light chains, AL amyloidosis
The clinical features of AL amyloidosis are protean (Merlini et al., 
2011) as any organ other than the central nervous system can be 
directly involved:
u Many patients present with non-specific symptoms such as 

fatigue and weight loss.
u Cardiac involvement is a major determinant of outcome and 

occurs in 74% of patients at presentation, with approximately 
30% presenting with congestive heart failure. Cardiac biomark-
ers provide a quantitative assessment of cardiac damage (tro-
ponin I or T) and wall strain (brain natriuretic peptide (BNP), 
N-terminal (NT)-proBNP) and are the most important predic-
tors of outcome in amyloidosis (Dispenzieri et al., 2003; Palladini 
et al., 2003). By using the cut-offs of 0.035 micrograms/L for tro-
ponin T and 332 ng/L for NT-proBNP, patients can be classified 
into three stages (Dispenzieri et al., 2004), which are useful in 
selecting therapies and patient stratification in clinical trials.

u Renal dysfunction is seen in > 60% of cases and causes proteinu-
ric renal failure in the context of a normal or low blood pressure. 
In recent large studies, 44% of patients presented with chronic 
kidney disease (CKD) stage 1 or 2, and 16% with CKD stage 5; 
median proteinuria was 5–7 g/day and median serum albumin 
21–28 g/L (Gertz et al., 2009; Pinney et al., 2011).

u Hepatic amyloid is found in 54% of patients. Despite often sub-
stantial hepatomegaly, liver function is generally well preserved 
with modest elevation of alkaline phosphatase (median of 154 
IU/L). Hyperbilirubinaemia is unusual but associated with 
a poor outcomes and a median survival of 4  months (Lovat 
et al., 1998).

u Gut involvement may cause motility disturbances (often sec-
ondary to autonomic neuropathy), malabsorption, perforation, 
haemorrhage, or obstruction.

Periodic fevers

u Familial Mediterranean fever
u Cryopyrin-associated periodic syndrome (CAPS)
u TNF receptor-associated periodic syndrome (TRAPS)
u Mevalonate kinase deficiency (MVK).

Neoplasia

u Hodgkin disease
u Renal cell carcinoma
u Adenocarcinoma of the lung, gut, urogenital tract
u Basal cell carcinoma
u Hairy cell leukaemia
u Castleman disease
u Hepatic adenoma.

Other

u IV and subcutaneous drug abuse
u Cystic fibrosis
u Kartagener syndrome
u Epidermolysis bullosa
u Hypogammaglobulinaemia
u Cyclic neutropenia
u Common variable immunodeficiency
u Hyperimmunoglobulin M syndrome
u SAPHO syndrome.
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u Painful sensory polyneuropathy with early loss of temperature 
sensation followed later by motor deficits is seen in 10–20% of 
cases and carpal tunnel syndrome in 20%.

u Autonomic neuropathy leads to orthostatic hypotension, impo-
tence, and gastrointestinal motility disturbances.

u Macroglossia occurs in 10% and is pathognomonic of AL type 
(Fig. 152.2).

u Skin involvement is common and usually takes the form of 
bruising spontaneously or after minor trauma (Fig. 152.3).

u Hyposplenism sometimes causes blood film abnormalities.
u An acquired bleeding diathesis may be associated with defi-

ciency of factor X and factor IX, or with increased fibrinolysis.
u Articular amyloid is rare and may superficially resemble acute 

polyarticular arthritis, or it may present as asymmetrical arthri-
tis affecting the hip or shoulder. Infiltration of the glenohumeral 
joint and surrounding soft tissues occasionally produces the 
characteristic ‘shoulder pad’ sign.

Reactive systemic, AA, amyloidosis
The predominant clinical manifestations of AA amyloidosis 
are renal:
u More than 97% of patients present with proteinuric kidney dys-

function. Haematuria, tubular defects, and diffuse renal calci-
fication occur rarely. Just over 50% of patients have nephrotic 
syndrome at presentation. Approximately 10% of patients are 
in ESRF at diagnosis and > 40% eventually progress to ESRF 
(Lachmann et al., 2007).

u The spleen is almost always infiltrated.
u Adrenal glands are involved in > 33% although clinical hypoad-

renalism is rare.
u Hepatosplenomegaly is seen at presentation in 9% of cases but 

liver failure is exceptionally rare.
u Malabsorption occurs only in very advanced disease.
u Cardiac amyloidosis is seen in 2% and only in advanced disease.

Dialysis-related amyloidosis
β2-microglobulin amyloidosis is preferentially deposited in articu-
lar and peri-articular structures, and its manifestations are largely 
confined to the locomotor system (Drueke and Massy 2009):
u Carpal tunnel syndrome is usually the first clinical manifesta-

tion. Some individuals develop symptoms within 3–5  years 
of initiation of renal replacement therapy and by 20 years the 
prevalence was almost 100% (Bardin et al., 1986). Older patients 
appear to be more susceptible to the disease, and tend to exhibit 
symptoms more rapidly (Jadoul, 1998).

u Amyloid arthropathy tends to occur a little later but eventu-
ally affects the most patients on dialysis. It affects the shoulders, 
knees, wrists, and small joints of the hand and is associated 
with joint swelling, chronic tenosynovitis, and, occasionally, 
haemarthroses. Spondyloarthropathies are also well recog-
nized, as is cervical cord compression. Deposition within the 
periarticular bone produces typical appearances of subchon-
dral erosions and cysts which can contribute to pathological 
fractures particularly of the femoral neck, cervical vertebrae, 
and scaphoid.

LECT2 amyloidosis
Most patients present in the sixth to seventh decades with slowly 
progressive renal impairment. Proteinuria tends to be low grade 
and hypertension is well recognized. Although splenic and adrenal 
amyloid deposits are visible on SAP imaging, clinically the disease 
appears to be renal isolated.

Hereditary non-neuropathic systemic amyloidosis
Lysosyme
Most patients present in middle age with proteinuria, very slowly 
progressive renal impairment, and sometimes hepatosplenomegaly 
with or without purpuric rashes. In retrospect most recollect a long 
history of dry eyes and dry mouth. Substantial gastrointestinal 
amyloid deposits are common and important since gastrointestinal 
haemorrhage or perforation is a frequent cause of death in these 
patients.

Fig. 152.2 Macroglossia is seen in approximately 10% of cases of AL amyloidosis.

Fig. 152.3 Capillary fragility manifesting as periorbital bruising and a conjunctival 
haemorrhage in AL amyloidosis.
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Apolipoprotein A1
Depending on the mutation, patients can present with massive vis-
ceral amyloid involvement, predominant cardiomyopathy, or neu-
ropathy. Most patients eventually develop renal failure and despite 
extensive amyloid deposition, liver function usually remains pre-
served. Amyloidosis caused by the ApoA1 Leu75Pro mutation has 
a very unusual phenotype characterized by moderate polyuria and 
negative urinalysis with evidence of defective urine-concentrating 
capacity and mild tubular proteinuria. The amyloid deposits are 
localized to the renal medulla unlike most other systemic amyloi-
doses which tend to be characterized by glomerular and vascular 
deposits. Additional features are hypertension, cholestatic hepatop-
athy, and primary hypogonadism with infertility. This atypical phe-
notype means that the diagnosis can easily be overlooked (Obici 
et al., 2004; Gregorini et al., 2005).

Fibrinogen A alpha chain
Patients with this form of hereditary amyloidosis frequently do not 
give a family history of similar disease and are readily misdiag-
nosed as having AL amyloid. Most patients present in their sixth to 
seventh decades with proteinuria or hypertension and progress to 
ESRF over 4–10 years. Amyloid deposition is seen in the kidneys, 
characteristically localized to the glomeruli, spleen, and sometimes 
the liver but is usually asymptomatic in the latter two sites.

Apolipoprotein A2
The few kindreds described have slowly progressive proteinuric 
renal failure.

Gelsolin
This usually presents with corneal lattice dystrophy and progressive 
cranial neuropathy. Renal amyloid deposits are often subclinical 
but can cause ESRF.

Transthyretin Met30
In addition to neuropathy and cardiac involvement up to a third of 
cases have evidence of proteinuria and renal failure and 10% even-
tually develop ESRF (Lobato et al., 2003). In addition, autonomic 
neuropathy causes impaired bladder emptying requiring indwell-
ing urinary catheters with a risk of infection.

Investigations
Detection and typing of amyloid deposits
Diagnosis relies on a high index of clinical suspicion; unfortunately 
amyloid is frequently asymptomatic until a relatively late stage and 
can then present with highly variable or non-specific symptoms. 
Early diagnosis is essential in order to start therapy when organ 
function is still preserved or recoverable. Amyloidosis should be 
suspected in any patient with non-diabetic albuminuria; increased 
NTproBNP in the absence of primary heart disease; non-ischaemic 
cardiomyopathy with an echocardiogram suggesting concentric 
hypertrophy and presence of low electrocardiogram (ECG) voltages; 
hepatomegaly or increased alkaline phosphatase without an imaging 
abnormality; peripheral and/or autonomic neuropathy; unexplained 
facial or neck purpura or macroglossia. Any patient with suggestive 
features should undergo a biopsy looking for amyloid deposits.

Histology
The diagnosis of amyloidosis requires histological confirmation 
(Rocken et  al., 1996)  (Fig. 152.4). Subcutaneous fat aspiration 

will identify amyloid deposits in approximately 90% of patients 
(van Gameren et al., 2006) and biopsy of the labial salivary glands 
may detect amyloid deposits in 50% of patients with negative fat 
analysis. There have been concerns that organ biopsies carry an 
increased risk of haemorrhage. Although significant bleeds have 
been reported in 5% of liver biopsies, renal biopsies appear as safe 
in amyloid as other diagnoses (Fish et al., 2010). Congo red staining 
of amyloid produces pathognomic apple green birefringence when 
viewed under cross-polarized light and negatively stained elec-
tron microscopy reveals 10–15 nm diameter, rigid, non-branching 
fibrils composed of twisted protofibrils of indeterminate length.

The main protein constituting the amyloid deposit can be identi-
fied with immunohistochemistry, although this may be unreliable 
in AL and hereditary amyloidosis, or with immunogold techniques 
(Arbustini et al., 1997). Mass spectrometry can confirm the amy-
loid protein composition and will likely become the gold standard 
for identifying amyloid deposits (Lavatelli et al., 2008; Vrana et al., 
2009; Sethi et al., 2013).

Imaging amyloid deposits
SAP scintigraphy
SAP concentrates specifically in amyloid deposits of all types as a 
result of its calcium-dependent binding to the fibrils. Radiolabelled 

(A)

(B)

Fig. 152.4 Sections of renal biopsy stained with Congo red viewed under ×10 
magnification. (A) Amorphous deposits of eosinophil material are seen within the 
glomeruli. (B) Pathognomonic apple green birefringence of the amyloid deposits 
when the section is view under cross-polarized light.
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SAP scintigraphy has been used since 1988 in the United Kingdom 
for diagnosis and quantitative monitoring of amyloid deposits 
(Hawkins et  al., 1988). This safe non-invasive method provides 
information on the presence, distribution, and extent of visceral 
amyloid deposits, and serial scans monitor progress and response to 
therapy. Unfortunately the method is not informative about amyloid 
deposition in the moving heart and is not commercially available.

Imaging the heart
Two-dimensional Doppler echocardiography classically reveals 
concentric biventricular wall thickening with a restrictive fill-
ing pattern and left ventricular longitudinal strain abnormalities. 
Amyloid causes diastolic dysfunction with well-preserved con-
tractility until a very late stage (Falk, 2005). The ECG in advanced 
disease commonly shows small voltages and pathological ‘Q’ waves 
(pseudo-infarct pattern). Recent developments in magnetic reso-
nance imaging have made a major contribution to the diagnosis 
of cardiac amyloidosis (Maceira et al., 2005). Scans using the bone 
tracer DPD are useful in detecting heart involvement in transthyre-
tin amyloidosis (ATTR) (Rapezzi et al., 2011).

DNA analysis
Hereditary amyloidoses are rare and often overlooked. Although 
all types are dominantly inherited, penetrance and expressivity are 
highly variable and there is frequently no obvious family history. DNA 
analysis is mandatory in all patients in whom hereditary amyloidosis 
is suspected on the basis of clinical and laboratory features and in the 
rare cases in whom the type cannot be confirmed by immunohisto-
chemistry or mass spectrometry. Multiple amyloidogenic mutations 
have been identified in the genes associated with hereditary amyloi-
dosis and new variants are regularly identified (Benson, 2005).

Investigation of the underlying disease
AL amyloidosis
In all patients with diagnosed or suspected AL amyloidosis a search 
must be made for an underlying plasma cell clone. This should 
include serum and urine electrophoresis and immunofixation and 
serum free light chain (FLC) assay (Merlini et al., 2011, 2013). If 
a monoclonal protein is present, a bone marrow examination and 
bone imaging should be performed to exclude the presence of mul-
tiple myeloma. A bone marrow biopsy should also be stained with 
Congo red as the stroma or blood vessels will contain amyloid in 
> 50% of patients.

AA amyloidosis
In AA amyloidosis, it is necessary to identify the underlying inflam-
matory disease and specific investigation needs to be driven by the 
individual clinical features. The identification of the underlying 
disease may be very difficult due to the diverse conditions involved 
(see Box 152.1), and in approximately 10% of patients seen at UK 
and Italian centres the cause remains undetermined.

Treatment and outcome
Principles of treatment
Amyloid will regress if its deposition is slowed or its clear-
ance is enhanced. Novel therapies with the latter aim are under 

development, but at present the treatment of all types of amyloid 
centres on reducing the supply of the amyloid precursor protein 
and supporting or replacing compromised organ function. As a 
result, treatment depends on precise identification of the amyloid 
fibril type. Early diagnosis is the key to effective therapy.

Systemic AL amyloidosis
The goals of therapy are prompt elimination of the misfolded 
amyloidogenic LCs, minimization of treatment toxicity, and sup-
port of the function of target organs. Updated consensus criteria 
for haematologic and organ responses in amyloidosis have been 
recently published (Palladini et al., 2012). Achieving a haemato-
logic response translates into improved overall survival. Although 
partial responses can be beneficial (Lachmann et al., 2003), com-
plete clonal responses are associated with the best clinical outcomes 
(Gertz et al., 2007). A new paradigm for the treatment of AL amy-
loidosis has been proposed in which both the underlying haema-
tologic disorder and the end-organ damage can be monitored with 
FLC and cardiac biomarkers to optimize therapy and minimize 
toxicity (Merlini et al., 2013).

Treatment for AL amyloidosis is highly individualized, based on 
age, cardiac staging, and regimen toxicities, and should be response 
tailored with prompt regimen switch in case of no response to two 
to three cycles of treatment (recently reviewed in Merlini et  al., 
2011, 2013).

The outcomes of AL amyloidosis have improved following 
introduction of effective chemotherapy regimens during the last 
decade (Merlini et  al., 2013), with response rates approaching 
80% and median survival exceeding 5  years in the last cohorts 
(Merlini, 2012).

Response to therapy in patients with renal 
involvement
Median survival in patients presenting with renal disease is 
26.8–35.2 months in two studies including a total of 1068 patients 
(Gertz et al., 2009; Pinney et al., 2011). Survival is strongly influ-
enced by the degree of haematological response and the presence 
of cardiac amyloidosis but not by the degree of renal dysfunction 
at presentation. More than 40% of patients eventually received dial-
ysis and 13–26% of cases presenting with potentially salvageable 
renal function (variously defined by baseline clearance of > 20 mL/
min or baseline creatinine of < 5 mg/dL) progress to ESRF within 
a median of 12 months. Renal function deteriorated in almost 55% 
within a median of 24 months in one study; conversely renal func-
tion improves in approximately one-third of cases. CKD stage at 
baseline does not significantly influence renal response whereas a 
> 90% FLC response to chemotherapy is associated with an almost 
fourfold increase in renal response (P < 0.001) and a 68% reduc-
tion in the risk of renal progression (P < 0.001). In a study of 141 
patients who had received stem cell transplantation, superior over-
all survival was seen in the 58% of patients who achieved a > 75% 
reduction in proteinuria. In these patients a rise in serum creatinine 
> 25% was not associated with a poorer outcome. Better haemato-
logic responses were predictive of higher rates of proteinuria reduc-
tion (Leung et al., 2013). High-dose melphalan and stem cell rescue 
has been associated with renal toxicity with a doubling of serum 
creatinine seen in 23% but persistent renal decline in only a fifth of 
these patients (Dember et al., 2001). The potential nephrotoxicity 
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of lenalidomide has been recently reported and demands careful 
follow-up of renal function (Specter et al., 2011).

Reactive systemic, AA, amyloidosis
In AA amyloidosis, the aim of treatment is the complete prolonged 
control of the underlying inflammatory disease. The choice of ther-
apy depends on the underlying disease process but therapeutic suc-
cess must always be assessed by the long-term control of the acute 
phase response ideally by serial SAA measures or otherwise by 
C-reactive protein. Most patients with inflammatory arthritis have 
previously failed to respond to conventional disease modifying 
antirheumatoid drugs and many do well with anti-tumour necrosis 
factor (TNF) therapies or other biologics such as anti-CD20 anti-
bodies or anti-interleukin (IL)-1 or IL-6 therapies. In patients who 
fail to respond to these agents there may still be a role for therapy 
with alkylating agents such as chlorambucil or cyclophosphamide 
(Berglund et al., 1993).

Median SAA levels have been shown to be strongly associated 
with both survival and renal outcome; persistent complete suppres-
sion of inflammation with normal SAA levels is associated with an 
almost 18-fold lower risk of death than median SAA levels of > 155 
mg/L (Lachmann et al., 2007). Median survival of 79–137 months 
has been recently reported in large series from Italy (Bergesio et al., 
2008) and the United Kingdom. Approximately 40% of patients will 
eventually require renal replacement therapy with a median time to 
dialysis of 78 months.

Dialysis-related amyloidosis
The only effective treatment for DRA is successful renal transplan-
tation, although drugs targeting the amyloid deposits, such as dox-
ycycline, are being tested (Montagna et al., 2013). Serum levels of 
β2-microglobulin fall rapidly following transplantation and this is 
usually accompanied by an improvement in symptoms. This rapid 
response is probably due more to the anti-inflammatory properties 
of transplant immunosuppression and to discontinuation of dialy-
sis. In contrast to the symptoms, radiological bone cysts heal slowly 
(Tan et al., 1996), and amyloid can be demonstrated histologically 
many years after renal transplantation. Attempts have been made to 
reduce DRA by altering the dialysis prescription. There is some evi-
dence that the risks of DRA are increased in patients dialysed using 
less ‘biocompatible’ membranes, and that use of the more perme-
able membrane systems is relatively protective (Miyata et al., 1998). 
Greater removal of β2-microglobulin is attained in patients under-
going high-flux haemodiafiltration and using column absorbing of 
this protein, and translates in improved articular symptoms and in 
delayed DRA (Traut et al., 2007; Gejyo et al., 2013; Schiffl, 2014). 
In addition, the incidence of DRA seems to be falling, perhaps 
linked to fewer contaminants in the dialysate (Schwalbe et al., 1997; 
Yamamoto and Gejyo, 2005). Surgery may be required to relieve 
carpal tunnel compression, stabilize the cervical spine, or to treat 
bone fractures.

Hereditary non-neuropathic systemic amyloidosis
These diseases, particularly lysozyme and ApoAI amyloidosis, tend 
to run very indolent courses and when renal failure is reached 
transplantation can be successful with grafts surviving for decades. 
The rate of renal deterioration seems to be faster in fibrinogen amy-
loidosis and the limited experience of renal transplantation sug-
gests that amyloid deposition will cause graft loss in a median of 

7 years (Gillmore et al., 2009). As fibrinogen is synthesized solely in 
the liver, combined hepato-renal transplantation offers the possibil-
ity of ‘surgical gene therapy’ and complete protection from recur-
rent amyloidosis. The limitation of this approach is the serious risks 
associated with combined transplantation (Stangou et al., 2010).

Preservation and replacement of organ function
Organs infiltrated by amyloid may fail acutely, often without 
obvious provocation. Attention must to be paid to salt and water 
balance, maintenance of the circulating volume, and prompt treat-
ment of sepsis to reduce the risk of acute organ failure. Potentially 
nephrotoxic drugs, elective surgery, and general anaesthesia are 
best avoided unless there are compelling indications.

Significant renal disease is present at diagnosis in at least 75% 
of patients with systemic amyloidosis (Dember, 2006). Nephrotic 
syndrome generally requires treatment with high doses of loop diu-
retics and resistant cases may require addition of thiazide and/or 
potassium-sparing diuretics. Salt and, in many cases, fluid restric-
tion may be advisable. In patients who have difficulty maintaining 
their intravascular volume, infusions of salt-poor human albumin 
can be very helpful.

Caution is required in the use of standard heart failure medi-
cations in patients with amyloidosis. Digoxin and calcium 
channel blockers have been associated with excess toxicity. 
Angiotensin-converting enzyme inhibitors can promote hypoten-
sion and should generally be avoided. Prophylactic amiodarone has 
been incorporated into therapy trials of amyloidosis to reduce the 
risk of sudden cardiac death if complex ventricular arrhythmias 
are detected on Holter ECG (Palladini et al., 2004). The use of beta 
blockers in patients with cardiac amyloid is associated with a higher 
mortality rate (Soni and LeLorier, 2005). Diuretics are the mainstay 
of therapy, but should be used with caution as amyloidosis causes 
a restrictive cardiomyopathy and high filling pressures are required 
to maintain cardiac output. Alpha agonists such as midodrine can 
improve orthostatic hypotension. Implantable cardiac defibrillators 
as well as left ventricular assist devices have been used, but their 
efficacy in this disease remains controversial (Kristen et al., 2008; 
Swiecicki et al., 2013).

In highly selected younger patients with isolated irreversible car-
diac failure, heart transplantation offers a possibility of long-term 
survival and has been performed in a small number of patients 
(Dubrey et al., 2001; Gillmore et al., 2006; Maurer et al., 2007; Dey 
et al., 2010). The scarcity of donor hearts, the high transplant-related 
mortality, and the risk of amyloid deposition in the graft make 
rigorous patient selection mandatory. In AL amyloidosis, chemo-
therapy is required after cardiac transplantation to prevent graft 
amyloid or its progression in other organ systems.

Renal dialysis
The outcome of AL amyloidosis patients on long-term dialysis is 
improving but survival remains about 70% of that age-matched 
non-diabetic patients with other diseases (Gertz et  al., 2009; 
Lachmann et  al., 2010). Patients who commenced dialysis 
after 2002 in the United Kingdom had a median survival of 
43.6 months whereas data from the United States and Italy report 
median survival of 10.4–11  months. The outcome in patients 
with other types of amyloid is more favourable (Bergesio et al., 
2008; Immonen et  al., 2008). In AA amyloidosis, median sur-
vival on dialysis has been reported between 17 months in earlier 
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series and 69 months; the latter in a cohort of 129 patients with 
an incident mortality of 18% and < 10% mortality in subsequent 
years (Lachmann et al., 2010). Recent data on 490 patients with 
amyloidosis of undifferentiated types from Australia and New 
Zealand are less favourable with a median survival of 2.09 years, 
47% of that seen in other causes of renal failure with no signifi-
cant survival difference between haemodialysis and peritoneal 
dialysis (Tang et al., 2013).

Renal transplantation
Although early mortality is increased, due to sepsis and cardiac fail-
ure, long-term renal graft survival and rejection rates comparable 
with other systemic diseases have been reported (Sattianayagam 
et al., 2009). Less than 10% of patients who reached ESRF due to 
AL amyloidosis receive a renal transplant; median patient and 
graft survival in these highly selected patients was 89  months 
(Pinney et al., 2011). In a few cases renal transplantation has been 
followed by autologous stem cell transplantation with stable renal 
function in 4/5 patients (Leung et al., 2005). Recent experience of 
renal transplantation in selected patients with AA amyloidosis has 
shown 5- and 10-year graft survival of 74% and 68% respectively. 
These encouraging results have led to some patients receiving liv-
ing donor renal transplants (Sherif et  al., 2003; Emiroglu et  al., 
2005). Most patients have a functioning graft until death (Jacob 
et al., 1979; Pinney et al., 2011), even though, in all types, amy-
loid deposition in the transplant is recognized (Gillmore et  al., 
2000, 2006).

Novel therapies and perspectives
The remarkable advances in the understanding of the molecular 
mechanisms involved in amyloid formation and tissue damage 
achieved in the last decade, have revealed several new drug targets 
(Fig. 152.1). Several new approaches have been developed:
u Synthesis of the amyloidogenic precursor may be silenced by 

RNA interference (Phipps et al., 2010) or by antisense oligonu-
cleotides (Benson et al., 2006; Kluve-Beckerman et al., 2011).

u Inhibitors of proteases (secretase) are being evaluated in trials 
(Schenk et al., 2001).

u Inhibitors of glycosaminoglycans binding to the amyloid pro-
teins (eprodisate) have been successful in secondary amyloido-
sis (Dember et al., 2007).

u Small molecules capable of stabilizing the amyloid precursor 
and preventing its misfolding and aggregation (diflunisal, tafa-
midis) (Obici et al., 2012) have been tested in ATTR amyloi-
dosis leading to licensing of a novel agent, tafamidis (Coelho 
et al., 2012).

u SAP can be cleared from amyloid deposits by using small palin-
dromic drugs (e.g. CPHPC) (Pepys et al., 2002).

u The clearance of amyloid deposits can be promoted and accel-
erated by specific antibodies through passive (Solomon et al., 
2003. Wall et  al., 2012)  and active immunotherapy (Klyubin 
et al., 2005), or by combining CPHPC with anti-SAP antibodies 
(Bodin et al., 2010).

u Small molecules, such as iododoxorubicin (Merlini et  al., 
1995) and doxycycline (Almeida and Saraiva, 2012) are able to 
disrupt the amyloid fibrils and reduce the amyloid burden.

Clinicians should be aware that in the near future amyloid dis-
eases will be treated with combination approaches that reduce pro-
tein precursor production, prevent aggregation, and induce fibril 
resorption.
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CHAPTER 153

The patient with myeloma
Efstathios Kastritis and Meletios A. Dimopoulos

Introduction
Renal impairment is a common feature of symptomatic multiple 
myeloma (MM). It is not rare for a patient with myeloma to present 
to the nephrology clinic for evaluation of renal impairment, which 
is usually of recent onset, or to be hospitalized because of acute kid-
ney injury (AKI). Conversely, in a patient with MM, development 
of RI may provide a clue to the diagnosis of the disease and may 
cause major management problems.

Depending on the definition of renal failure this complica-
tion occurs in 20–40% of newly diagnosed patients with MM 
(Alexanian et  al., 1990; Bladé et  al., 1998; Kyle et  al., 2003; 
Eleutherakis-Papaiakovou et al., 2007). When a cut-off of serum 
creatinine level > 2 mg/dL is used, about 20% of patients with 
MM have renal failure at diagnosis (Alexanian et al., 1990; Bladé 
et al., 1998; Knudsen et al., 2000). When renal failure is defined 
by a serum creatinine > 1.5 mg/dL, the frequency increases up 
to 30% or even 50% in some series (Knudsen et al., 2000). When 
the definition includes those with an estimated glomerular filtra-
tion rate (eGFR) < 50 mL/min/1.73 m2 then even higher pro-
portions of patients with MM present with moderate to severe 
renal dysfunction. Most patients present with moderate renal 
impairment and serum creatinine levels are <4 mg/dL; however, 
in series from tertiary hospitals up to 10% of patients with newly 
diagnosed MM have renal failure severe enough to require renal 
replacement with dialysis at the time of diagnosis (Torra et al., 
1995). It has also been considered that an additional 25% of 
patients develop renal failure later in the course of their disease. 
Careful assessment of the renal function is needed during initial 
evaluation of a patient with newly diagnosed myeloma in order 
to establish whether a potentially nephrotoxic light chain may 
exist that in future relapse may cause significant renal damage. 
In several cases with late-onset renal failure, hypercalcaemia may 
be the cause of renal dysfunction, which due to the use of bis-
phosphonates to treat myeloma bone disease is becoming much 
less frequent. Other causes of late-onset renal dysfunction may 
also include potentially nephrotoxic drugs that are used to treat 
complications of myeloma (e.g. bisphosphonates), non-steroidal 
anti-inflammatory drugs (NSAIDs), antibiotics.

In the mid 1940s, it was recognized that renal failure in patients 
with myeloma was associated with the excretion of Bence Jones 
proteins and factors that could modulate their concentration or 
urine pH may be important in the development of myeloma kid-
ney. Often, acute RI was precipitated after an intravenous urogra-
phy (Bartels et al., 1954; Brodwall et al., 1956; Killmann et al., 1957; 
Perillie and Conn, 1958; Healy, 1963; Vix, 1966) and the use of this 
diagnostic method was contraindicated in patients with myeloma. 

The first attempts to manage myeloma-related acute AKI were 
based on simple measures such as vigorous hydration and lim-
ited protein-containing diet and dialysis, when this became avail-
able, mainly due to the lack of an effective antimyeloma therapy 
(Blackman et al., 1944; Meachem and Heinle, 1950; Anonymous, 
1959). However, the clinical course of most patients presenting with 
myeloma-related renal impairment was poor, and often patients died 
within a few weeks or months (Blackman et al., 1944; Malpas, 1969).

Pathogenesis of myeloma-related  
acute renal damage
Renal failure in patients with MM results from the toxic effects of 
the monoclonal light chains to the renal structures, mainly renal 
tubules and less often to glomeruli. Hypercalcaemia is a less com-
mon cause of renal insufficiency and is usually associated with toxic 
light chains. Other factors that contribute to or exacerbate renal 
impairment include dehydration, nephrotoxic drugs (antibiotics, 
NSAIDs), and perhaps contrast agents. Usually these factors aggra-
vate the toxic effects of light chains and are rarely the primary rea-
son of renal failure.

Monoclonal light chains cause renal damage by distinct mecha-
nisms and in various segments of the nephron, glomeruli, tubules, 
interstitium, and blood vessels, thus resulting in different patho-
logic and clinical findings. By far the most frequent form of renal 
damage is myeloma cast nephropathy (the so-called myeloma 
kidney). Other clinicopathological conditions associated with the 
effects of light chains in the kidney include amyloidosis, mono-
clonal immunoglobulin deposition disease (MIDD), most often of 
light chains (light chain deposition disease (LCDD)), or acquired 
adult Fanconi syndrome. The effect of monoclonal immunoglobu-
lins in the kidneys may include a variety of pathologic conditions, 
but usually are not associated with overt myeloma (Leung et al., 
2012). Furthermore, these pathologic entities may sometimes coex-
ist in the same patient so that in a patient with myeloma presenting 
with RI a renal biopsy may show cast nephropathy along with amy-
loid or amorphous deposits in the glomeruli.

Pathobiology of the light chains
Under normal conditions the circulating monoclonal light chains 
are relatively freely filtered through the glomerulus and reach 
the proximal tubule where they are catabolized. Free light chains 
(FLCs) are endocytosed by proximal tubule cells through a recep-
tor mediated process: they bind to the tandem scavenger receptor 
system of cubilin/megalin and then they are endocytosed via the 
clathrin-dependent endosomal/lysosomal pathway and degraded 
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within lysosomes (Batuman et al., 1990, 1998; Batuman and Guan, 
1997; Santostefano et al., 2005) (Fig. 153.1). In MM patients, the 
excess light chain production overcomes the capacity of the tubular 
cells to endocytose and catabolize the FLCs which thus appear in 
increased amounts in the tubular fluid of distal nephron segments 
where they form tubular casts with Tamm–Horsfall protein (uro-
modulin), a glycoprotein synthesized by the cells in the medullary 
thick ascending limb of the loop of Henle. Light chains interact 
through their complementary determining region (CDR) with a 
specific binding site on the Tamm–Horsfall protein and may form 
aggregates and casts that subsequently lead to tubular obstruc-
tion of the distal tubule and of the thick ascending loop of Henle 
(Huang and Sanders, 1995, 1997; Ying and Sanders, 2001)  (Fig. 
153.1). Factors such as dehydration, hypercalcaemia, acidosis, and 
furosemide promote the formation of aggregates of light chain/
Tamm–Horsfall protein (Pirani et al., 1987; Sanders et al., 1990; 
Sanders and Booker, 1992; Ying and Sanders, 2001). The resulting 
tubular obstruction increases intraluminal pressure, reduces glo-
merular filtration rate (GFR), and reduces interstitial blood flow, 
thus further compromising the renal function. The reduced tubular 
clearance of light chains further increases their concentration in the 
tubules and contributes to the vicious circle that results in myeloma 
cast nephropathy. The probability of cast formation increases when 
the amount of light chains increase, however, there is considerable 
diversity among the nephrotoxicity of light chains: some patients 
may have significant renal damage with only small amounts of light 
chains while in others even large amounts (in the range of several 
grams of light chains per day) cause minimal or no dysfunction. This 
is largely related to the affinity of the light chain for Tamm–Horsfall 
protein. Of note, when a light chain is nephrotoxic it usually causes 
renal dysfunction early in the course of the disease, even before 
other clinical manifestations of MM become apparent (Bladé and 
Rosinol, 2005). As expected, different light chains also differ signifi-
cantly to the type of renal damage that they cause. In general, the 
variable region of the light chain (VL) determines nephrotoxicity 
of the specific light chain by determining, for example, the affin-
ity with Tamm–Horsfall protein (Sanders et al., 1990; Sanders and 
Booker, 1992). It has been suggested that Tamm–Horsfall protein 
interacts with the hypervariable regions of the light chains. This 
region contains the amino acids that give diversity, conformation 
flexibility, and allow for interactions with various proteins to pro-
mote antigen binding by immunoglobulins (Solomon et al., 1991; 
Batuman, 2007). Furthermore, the VL region probably determines 
the specific type of renal damage that a light chain can cause. Both 
lambda and kappa light chains are nephrotoxic but lambda light 
chains are more frequently involved in the formation of amyloid 
than kappa (Comenzo et al., 2001) and kappa are more frequently 
involved in the other types of renal damage such as LCDD (Ronco 
et al., 2006) and acquired adult Fanconi syndrome (Ma et al., 2004).

Cast formation is not the only pathophysiologic mechanism 
by which the light chains cause renal damage in myeloma kid-
ney. Endocytosis of light chain by renal tubular cells also induces 
pro-inflammatory cytokine production, such as interleukin-6, -8, 
and tumour necrosis factor alpha, by these cells, mainly mediated 
through activation of nuclear factor kappa B (NF-κB) and mito-
gen activated protein kinases (Sengul et al., 2002, 2003). Recently it 
has been shown that Src kinase-dependent activation of the NF-κB 
pathway increases the production of monocyte chemoattractant 
protein-1 (MCP-1) (Ying et  al., 2011). These proinflammatory 

cytokines promote infiltration by inflammatory cells that produce 
metalloproteinases and increase transforming growth factor beta 
production resulting in matrix protein deposition and subsequent 
fibrosis and further compromising the ability of the nephron to 
restore function (Keeling and Herrera, 2007). Light chains endo-
cytosis may also cause tubular cell necrosis, leading to more severe 
renal dysfunction (Sanders et al., 1987). The exact mechanism has 
not been clarified but it has been suggested that aggregation of light 
chains after endocytosis may initiate a cascade resulting in tubular 
cell death. Light chains may also lead to functional impairment of 
tubular cells resulting in Fanconi syndrome (Ma et al., 2004). Focal 
loss of microvilli and inhibition of Na-K-ATPase may lead to reab-
sorption defects (Guan et al., 1999). Some myeloma patients also 
have a urine concentration defect, probably due to tubulointerstitial 
changes and nephrogenic diabetes insipidus due to unresponsive-
ness to antidiuretic hormone, thus further promoting dehydration 
(DeFronzo et al., 1978).

Glomerulopathy due to light chains is caused by the deposition 
of immunoglobulins either in the form of amyloid fibrils or amor-
phous deposits of non-amyloid structure. In both glomerulopathies, 
the dominant symptom is the development of non-selective protein-
uria. The amyloid deposits are fibrillar structures that consist of the 
N-terminal fragments of the variable regions of light chains (Merlini 
and Bellotti, 2003). Amyloid deposits can be found in every portion 
of the kidney; however, they predominate within the glomeruli and 
give a positive Congo red staining. Glomerular depositions of amy-
loid usually present with significant proteinuria (often with daily 
urine protein excretion above 10–15 g) but renal failure is evident 
in no more than 20% of patients at diagnosis. However, 5–10% of 
patients with amyloidosis may have predominantly vascular rather 
than glomerular depositions and present with renal failure rather 
than nephrotic syndrome (Obici et al., 2005).

In LCDD, the light-chain deposits are non-fibrillar and Congo 
red staining is negative (Buxbaum and Gallo, 1999). Typically, 
granular depositions of light chains are observed within the mesan-
gial areas, while thickening of the peripheral basement membrane 
may resemble type II membranoproliferative glomerulonephritis 
or diabetic lesions. These deposits may also be present in arterioles 
and capillaries. Diagnosis is supported by immunofluorescence 
(although in 10% of cases it may be negative), and by electron 
microscopy. Linear peritubular deposits of monotypic light chains 
are usually found but these deposits are also found along basement 
membrane, mesangial nodules, along Bowman’s capsule, vascular 
structures, and in the interstitium. In addition to the glomerular 
findings, the presence of interstitial fibrosis is common (Pozzi et al., 
2003). In early phases of the disease the glomerular lesions may be 
minimal and in this case the diagnostic suspicion comes from the 
finding of eosinophilic, periodic acid–Schiff-positive material, con-
sisting of light chains, along the outer part of the tubular basement 
membrane. In contrast to amyloidosis, in which the light chain is 
of lambda type in 80% of cases (Obici et al., 2005), in LCDD the 
light chain is usually of kappa type (Pozzi et al., 2003). However, 
as in primary systemic amyloidosis, the characteristic clinical pic-
ture is of a nephrotic syndrome, but renal function is more severely 
and rapidly impaired than in amyloidosis: almost all patients with 
LCDD present with renal failure. Extrarenal involvement is less fre-
quent than in amyloidosis.

Acquired Fanconi syndrome is an exceedingly unusual disorder 
characterized by failure in the reabsorptive capacity of the proximal 
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renal tubules, resulting in glycosuria, aminoaciduria, hypophos-
phataemia, and hypouricaemia (Ma et al., 2004).The renal damage 
is caused by partially catabolized light chains that form crystal-
line inclusions within the proximal tubular cells interfering with 
membrane transporters. Kappa light chains are found in 90% of the 
cases. The most common clinical findings in patients with acquired 
Fanconi syndrome are bone pain from osteoporosis or slowly pro-
gressive renal insufficiency. Most patients are asymptomatic and 
the diagnosis usually comes from an unexplained hypouricaemia 
during the investigation of a patient with monoclonal gammopa-
thy of undetermined significance—only rarely is this complication 
found in a patient with symptomatic MM.

Diagnosis and assessment of the patient 
with myeloma who presents with renal 
impairment
The presentation of renal impairment, especially if it is acute or 
relatively recent, in a patient with a monoclonal gammopathy, 
should be evaluated promptly in order to determine whether the 
monoclonal gammopathy is the cause of the kidney dysfunction. 
Conversely, in a patient presenting with acute- or recent-onset 
renal impairment, evaluation for an underlying monoclonal gam-
mopathy should be instituted. Renal dysfunction due to myeloma 
cast nephropathy is reversible in many, if not most, patients, if 
managed immediately with appropriate treatment and the phy-
sician should be alert for the diagnosis of myeloma in a patient 
with AKI.

The diagnosis of myeloma requires the demonstration of a mon-
oclonal immunoglobulin and demonstration of infiltration of the 
bone marrow (with either a marrow aspirate or a bone marrow tre-
phine biopsy). A monoclonal immunoglobulin (either a complete 
heavy-light chain immunoglobulin or a monoclonal light-chain 
only immunoglobulin) is present in 95–98% of patients with mye-
loma. However, if a patient has myeloma-related kidney dysfunc-
tion a monoclonal immunoglobulin is almost always present. Only 
a few cases of non-secretory myeloma with biopsy-proven renal 
dysfunction due to myeloma have been described—these patients 
had minimal amounts of very toxic light chains which may have 
escaped immunofixation; however, with the use of the serum free 
light chain assay these patients may have a measurable amount of 
FLC (either kappa or lambda). Thus, complete evaluation includes 
assessment of serum FLCs.

The most critical question in a patient with monoclonal gam-
mopathy presenting with renal dysfunction is whether the kidney 
dysfunction is due to the underlying monoclonal gammopathy/
myeloma or, whether it is pre-existing and unrelated to myeloma. 
This determination is especially important for patients with asymp-
tomatic myeloma, which may fulfil the criteria of myeloma in their 
bone marrow but they do not present other criteria of symptomatic 
disease (such as lytic bone lesions, anaemia, hypercalcaemia, or 
renal dysfunction). In these particular patients, the determination 
of causality is important since the development of renal impair-
ment related to monoclonal gammopathy or myeloma is an abso-
lute indication for immediate initiation of chemotherapy. During 
recent years, there are increasing numbers of patients who are 
diagnosed with monoclonal gammopathies; most of them are of 
advanced age so other conditions are common.

A 24-hour urine collection for the assessment of the amount and 
type of proteinuria may be helpful. In patients with cast nephrop-
athy, the glomerulus is unaffected and thus FLCs (Bence Jones 
protein) will predominate in the urine; these patients will usually 
have a large spike in the gamma region and the urine immunofixa-
tion will show free kappa or lambda light chains. In patients with 
conditions affecting the glomerulus, such as amyloidosis of immu-
noglobulin deposition, as well as in conditions such as diabetic 
nephropathy, the proteinuria is mostly non-selective, and albu-
min will predominate. In a recent report, 24-hour urine protein 
containing < 25% of albumin had a sensitivity of 0.98, specificity 
of 0.94, positive predictive value of 0.75, and negative predictive 
value of 0.99 for the diagnosis of cast nephropathy (Leung et al., 
2012). Thus, a renal biopsy is probably not necessary in patients 
with a high probability of cast nephropathy, especially if overt 
myeloma is present.

When should a renal biopsy be performed  
in a patient with multiple myeloma?
In patients with clinical features of MM with or without renal fail-
ure in whom proteinuria mainly consists of light chains, a renal 
biopsy may not be necessary and the cause of renal impairment 
may be attributed to myeloma cast nephropathy (Leung et  al., 
2012). However, renal biopsy may provide significant prognostic 
information and may be especially helpful in patients who may 
have coexisting conditions (Hutchison et al., 2012a). In patients in 
whom the main finding is a nephrotic syndrome with or without 
renal failure, the first diagnostic possibility is an associated sys-
temic amyloidosis, especially if additional systemic symptoms are 
indicative of multiple organ involvement (e.g. symptoms and signs 
of heart dysfunction, liver enlargement, or neuropathy) (Merlini 
and Stone, 2006; Hutchison et  al., 2012a; Merlini and Palladini, 
2012). In this case, a renal biopsy may be the quickest and most 
informative test. A subcutaneous fat aspirate may be performed, 
which is safe but has sensitivity for the detection of systemic amy-
loidosis of only about 70%. If negative for amyloid a rectal biopsy 
may follow. If there is no demonstration of amyloid, the next step 
should be a kidney biopsy in search for amyloid, LCDD or an unre-
lated glomerulopathy, such as glomerulonephritis.

A renal biopsy in a patient with a monoclonal gammopathy and 
renal dysfunction may help to define the type of renal injury, assess 
the degree of activity of the pathological process which caused the 
RI, and assess whether a long-standing process may have caused 
irreversible damage, which in turn can influence the type of ther-
apy and also provide valuable prognostic information regarding 
the renal outcome. In our practice we tend to refer our patients 
with myeloma or other monoclonal gammopathy for renal biopsy 
when the probability of renal impairment due to cast nephropa-
thy is not strongly supported by other data. Thus, in patients with 
24-hour urine protein containing mainly light chains and only 
small amount of albumin, especially if the amount of light chains 
is > 200 mg/day, and with a serum FLC indicating levels of clonal 
FLC > 500 mg/L, we do not proceed to a renal biopsy. However, 
in patients with non-selective proteinuria, those with low levels of 
FLCs in the serum, those without overt myeloma, in patients with 
pre-existing renal dysfunction which present with AKI we consider 
a renal biopsy. A workflow for the investigation of these patients is 
proposed in Fig. 153.2.
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Evaluation of renal impairment in patients 
with myeloma
The definition of renal failure in patients with myeloma is not 
straightforward. A cut-off of serum creatinine of 2 mg/dL is used 
in the so-called CRAB criteria to define ‘symptomatic myeloma’ 
that requires therapy (Durie et  al., 2006). This cut-off excludes 
some patients who may already have significant renal damage due 
to their monoclonal gammopathy. Thus, it is important to iden-
tify early those patients who may already have renal damage from 
their monoclonal gammopathy, and who may be easier to treat 
effectively and restore, or salvage, their renal function. Creatinine 
alone is not a sensitive marker of renal function (Dimopoulos et al., 
2010). Calculation of GFR is more accurate. Criteria of acute kid-
ney injury (AKI) such as the RIFLE or the AKIN criteria (Endre, 
2008; Endre and Pickering, 2010) may be useful to identify patient 
who may need immediate intervention, however, these criteria 
have not been evaluated in patients with myeloma (Dimopoulos 
et al., 2010c). Other, more precise methods are complicated, have 
a high cost, and are infrequently used. Cystatin-C measured in 
the serum is a sensitive marker of renal dysfunction and has been 
used by nephrologists for some years. In MM patients, Terpos et al. 
(2007) measured cystatin-C in the serum of newly diagnosed as 
well in pretreated patients and showed that cystatin-C is elevated 
in myeloma patients, even in those with normal serum creatinine. 
Markers of renal damage such as neutrophil gelatinase-associated 
lipocalin (NGAL), kidney injury molecule-1 (KIM-1) in serum, 
and/or urine are increased in patients with monoclonal gammopa-
thies, indicating that renal damage is present very early in the dis-
ease course (Dimopoulos et al., 2012a). Thus, suggestions that a 
decrease of eGFR by ≥ 35% in 1 year, without other identifiable 
cause, should be considered as an indication for therapy are being 
considered.

Another significant aspect of management is the evaluation of 
the response of renal function to treatment of myeloma. For the 
patient on dialysis, becoming independent of dialysis is a clear 

indication of improvement. For patients not on dialysis, several 
criteria have been used, including the normalization of creati-
nine or the improvement of eGFR by at least 1 or 2 stages of CKD 
(Dimopoulos et  al., 2009a, 2009b, 2010a, 2010b, 2013; Ludwig 
et al., 2010). The evaluation of myeloma response may also be chal-
lenging in patients who do not have measurable disease by serum 
electrophoresis. Urine quantification of light chains is unreliable 
in cases of oliguria or when renal function is deteriorating rapidly 
or during recovery. Serum FLCs have been used for the assess-
ment of patients with light chain amyloidosis as well as patients 
with oligosecretory disease (Mayo and Johns, 2007); however, in 
patients with renal impairment and significant load of FLCs the 
evaluation is not straightforward. In patients with reduced GFR, 
both kappa and lambda light chains increase and the ‘normal’ 
kappa/lambda ratio is different than in patients with normal renal 
function (Hutchison et al., 2008a, 2008c). The current response 
criteria for patients with ‘measurable’ disease do not use the 
serum FLCs but the urine 24-hour light chain output (Durie et al., 
2006). Furthermore, the correlation of urine light chain excretion 
and of serum FLC levels is not linear, and large variations occur 
(Abraham et al., 2002).

Management of renal impairment/failure
The management of a patient with myeloma with renal impairment 
is challenging and requires immediate initiation of therapeutic 
measures (Dimopoulos et al., 2010c). The basis of the management 
of the renal impairment is prompt institution of antimyeloma ther-
apy (Table 153.1). Supportive care should be vigorous and addi-
tional mechanical means may be justified in selected patients.

Supportive care
Adequate hydration is a key component of supportive care. Although 
it has been reported that renal failure could be reverted by high 
fluid intake alone, hydration alone will at best only slightly reduce 

Diagnostic evaluation of myeloma patients
presenting with renal impairment

At diagnosis:
Creatinine, urea, sodium and potassium, calcium and eGFR (MDRD formula)

�e patient has proteinuria, which
consists mainly of light chains

If the patient does not have proteinuria, consider alternative causes of  renal impairment

�e patient has non-selective proteinuria
or significant albuminuria

A renal biopsy is probably not
necessary but may be helpful in
patients in whom other conditions
(diabetes, chronic hypertension) are
present

Consider the presence of amyloidosis or
MIDD or other comorbid conditions:
• Biopsy of subcutaneous fat or a
rectal biopsy may show amyloidosis
(Congo red+)
• Renal biopsy is often necessary

Serum free light chains

Measurement of total protein, electrophoresis and immunofixation of a sample from a 24h
urine collection

Fig. 153.2 Flowchart of investigation of myeloma/monoclonal gammopathy-related renal impairment.
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the concentration of the pathogenic light chains; hydration should 
be combined with specific antimyeloma treatment. Additional sup-
portive care measures may include urine alkalinization, although 
there are no strong supportive clinical data for the use of bicarbo-
nates (MRC Working Party on Leukaemia in Adults, 1984).

The management of hypercalcaemia is crucial and in sev-
eral cases may be associated with significant improvement of 
RI. Bisphosphonates are very effective for the management of 
malignancy-related hypercalcaemia, however, myeloma patients 
presenting with AKI are at risk for complications such as renal 
toxicity and subsequent hypocalcaemia when bisphosphonates are 
administered (Markowitz et al., 2003). Zoledronic acid is contrain-
dicated in patients with a creatinine clearance (CrCl) < 30 mL/min 
while limited information is available for the use of pamidronate in 
myeloma patients with a serum creatinine > 3 mg/dL (Dimopoulos 
et al., 2010c). Thus, close monitoring is needed in these patients, 
while mild asymptomatic hypercalcaemia should preferably be 
managed with conservative measures such as hydration. For mod-
erate or severe hypercalcaemia, prompt initiation of antimyeloma 
therapy, which includes steroids, is indicated. Calcitonin may mod-
erately reduce calcium levels without causing severe hypocalcaemia 
and without the risk of renal toxicity. When creatinine levels start 
to improve, then bisphosphonates, in doses adjusted for RI, may 
be administered (see Table 153.2). The use of furosemide to treat 
hypercalcaemia is discouraged due to the adverse impact of loop 
diuretics in the formation of casts in the renal tubule (Sanders and 
Booker, 1992). Effective supportive care also includes the prompt 
treatment of infections and the avoidance of agents that contribute 
to renal damage, such as NSAIDS, aminoglycoside antibiotics, and 
contrast dyes (Durie et al., 2003).

Mechanical means
An early sustained reduction in serum FLC concentrations is 
essential in patients with AKI secondary to MM (Hutchison et al., 
2011, 2012b); however, the role of a supportive strategy for direct 
FLC removal in addition to effective chemotherapy has not been 
clearly defined. Current chemotherapy regimens, especially those 
based on bortezomib, may induce a rapid and sustained myeloma 
response; however, despite the rapid reduction of the production of 
the monoclonal FLCs, high levels of toxic FLCs may still circulate, 
especially in patients with reduced renal clearance, and thus result 
in prolonged exposure of the kidneys to the toxic FLCs.

Kappa and lambda FLCs are medium-sized molecules, with 
molecular weights of 22.5 and 45 kDa respectively. In normal 
individuals, their serum half-lives are about 3–6 hours. In RI, 
the serum half-lives of FLCs are prolonged, hence, their serum 
half-lives may be increased to 2–3 days and their absolute serum 
concentrations may rise significantly (Hutchison et  al., 2008a, 
2008c). This prolonged exposure of the kidneys to high FLC levels 
may further enhance their renal toxicity. Thus, for patients with 
significantly reduced FLC clearance the direct removal of FLCs 
from the serum may have a role, always in addition to effective 
chemotherapy: there is no direct FLC removal technique that can 
substitute effective chemotherapy. Methods that have been used 
for FLC removal include plasma exchange and the use of specific 
dialysis filters.

Plasma exchange
In theory, rapid removal of nephrotoxic light chains with plasma 
exchange, in combination with antimyeloma therapy, could pre-
vent further renal damage and improve renal function. Two studies 
suggested that plasma exchange was beneficial (Pozzi et al., 1987; 
Zucchelli et al., 1988); however, a small prospective comparison of 
forced diuresis and chemotherapy (10 patients) versus forced diu-
resis, chemotherapy, and plasma exchange (11 patients) found only 
a trend in favour of the plasma exchange (Johnson et al., 1990). 
A larger randomized trial failed to show clear evidence that plasma 
exchange improved the outcome in patients with MM and AKI 
(Clark et al., 2005); this study, however, has been criticized for the 
lack of FLC measurements (which were not available) and the lack 
of histologic evidence of cast nephropathy (since renal biopsy was 
available in very few patients). Unfortunately, a randomized con-
trolled trial of plasma exchange in AKI secondary to MM in the 
United Kingdom failed to recruit the target population. Thus, the 
possibility that a subgroup of patients might benefit from plasma 
exchange cannot be ruled out. Bladé and Rosinol (2005) supported 
that patients with renal failure severe enough to require dialysis do 
not benefit from plasma exchange. This is in agreement with older 
findings which associated the severity of myeloma cast formation 
with the irreversibility of renal failure, even in patients undergoing 
plasma exchange (Pozzi et al., 1987; Johnson et al., 1990). However, 
in a recent report from the Mayo Clinic, plasma exchange in com-
bination with bortezomib-based chemotherapy, in a limited num-
ber of patients, was associated with high rates of renal recovery 
(Burnette et al., 2011).

Table 153.1 Drugs that are used for the management of patients with multiple myeloma and their use in patients with renal dysfunction

Clearance by the kidneys Dose adjustment in RI Potential of renal toxicity Data for use in patients on dialysis

Dexamethasone Yes No Low Yes, safe

Melphalan Yes Yes Low Yes, with adjustments

Bortezomib No No Low Yes, safe

Thalidomide No No Low Yes, safe

Lenalidomide Yes Yes Moderate Yes, with adjustments

Doxorubicin No No No Yes

Zoledronic acid Yes Yes Yes No

Pamidronate Yes Yes Yes No
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The reason for the relatively disappointing results of plasma 
exchange may be the physical properties of the light chains. As a 
consequence of their molecular weight, FLCs re-equilibrate rela-
tively freely between intra- and extravascular compartments and 
thus, approximately 80% of FLCs are extravascular. Therefore, 
despite the effective clearance of FLCs from the serum with plasma 
exchange, the short duration of each session limits the clearance 
to the extravascular compartment. An increased ‘dose’ of plasma 
exchange may thus be required in order to provide a significant 
clinical benefit by removing FLCs also from the extravascular com-
partment (Cserti et al., 2007; Hutchison et al., 2007a). We believe 
that in some patients with non-oliguric AKI, early initiation of a 
plasma exchange programme and effective chemotherapy may be 
of some benefit, but these patients should be carefully selected 
(Dimopoulos et al., 2010c; Burnette et al., 2011).

Free light-chain removal with dialysis filters
The removal of FLCs with dialysis is another alternative approach 
and a new haemodialysis membrane which removes the circulating 

light chains more efficiently has been recently developed. This 
membrane allows for the removal of FLCs through its larger pores 
which allow the removal of molecules up to 60–65 kD. However, 
after effective removal of a solute from the serum, the clearance 
of the extravascular compartment is dependent on the duration of 
the removal; thus, the use of this strategy for the removal of FLCs 
also requires prolonged treatment (Ward et  al., 2006). A  small 
study investigating haemodialysis with a protein-leaking dialyser 
indicated that large reductions in the concentration of serum 
FLCs could be obtained (Hutchison et al., 2007a). The same group 
also investigated the use of high cut-off haemodialysis in combi-
nation with systemic treatments and found that 13 of 18 patients 
with renal failure became dialysis independent (Hutchison et al., 
2007b). Renal recovery was also associated with improved survival 
(P  <  0.02). Although promising, these results need further con-
firmation in larger studies. Also, it should be noted that in some 
patients the FLCs can form large polymers and cannot be removed 
through the pores of the membrane. Currently a European mul-
ticentre randomized (EuLITE, NCT00700531) controlled study is 

Table 153.2 Dose modifications for drugs that are used for the management of patients with multiple myeloma in patients with renal dysfunction

CrCl > 60 mL/min CrCl 30–59 mL/min CrCl 15–29 mL/min CrCl < 15 mL/min Data for use in patients 
on dialysis

Dexamethasone Various No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Melphalan Oral melphalan: 0.15 
to 0.25 mg/kg/day for 
4–7 days

High-dose melphalan:

200 mg/m2

Oral melphalan: 
reduction by 25% (0.11 
to 0.19 mg/kg/day for 
4–7 days

High-dose melphalan:

140 mg/m2

Oral melphalan: 
reduction by 25% (0.11 
to 0.19 mg/kg/day for 
4–7 days

High-dose melphalan:

140 mg/m2

Oral melphalan: 
reduction by 50% (0.0175 
to 0.125

mg/kg/day for 4 to 
7 days).

High-dose melphalan:

140 mg/m2

Oral melphalan: reduction 
by 50% (0.0175 to 0.125

mg/kg/day for 4 to 7 days).

High-dose melphalan:

140 mg/m2

Bortezomib 1.3 mg/m2 days 1, 4, 8, 11 
or weekly regimens

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Thalidomide 50–200 mg/day No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Lenalidomide 25 mg/day 10 mg daily, can be 
increased to 15 mg/day if 
no toxicity occurs

15 mg once every other 
day, than can be adjusted 
to 10 mg per day

5 mg/day 5 mg/day

Carfilzomib 20 mg/m2 cycle 1; 27 mg/
m2 cycle 2 and on

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Doxorubicin Various No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Cyclophosphamide Various No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

No dose modification 
needed

Zoledronic acid 4 mg CrCl 50–60 mL/min: 
3.5 mg

CrCl 40–49 ml/min: 
3.3 mg

CrCl 30–39 ml/min: 3 mg

Not recommended Not recommended No

Pamidronate 30–90 mg Patients with renal 
impairment (serum 
creatinine > 3.0 mg/dL) 
have not been

studied

Limited pharmacokinetic 
data exist in patients 
with creatinine clearance 
<30 mL/min

Limited pharmacokinetic 
data exist in patients 
with creatinine clearance 
<30 mL/min

Limited pharmacokinetic 
data exist in patients 
with creatinine clearance 
< 30 mL/min
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evaluating the hypothesis that FLC removal by high cut-off hae-
modialysis may increase renal recovery rates from myeloma kidney 
beyond effective chemotherapy alone.

Renal replacement with dialysis
Despite the improvements in recent years, the mortality rate among 
patients with MM and dialysis-dependent renal failure during the 
first 2 months from diagnosis is about 30% (Torra et al., 1995). The 
response rate to chemotherapy in patients with MM on long-term 
dialysis programme ranges from 40% to 60% (Misiani et al., 1987; 
Iggo et al., 1989; Korzets et al., 1990; Torra et al., 1995); thus, the 
presence of renal failure may not have a negative impact on the 
response to chemotherapy per se. On the other hand, if patients 
who die within the first 2 months from diagnosis are excluded, the 
median survival of patients with MM and non-reversible end-stage 
renal failure is almost 2 years and 30% of them survive for > 3 years 
(Johnson et al., 1980; Torra et al., 1995). This suggests that even 
patients with MM, in need for long-term dialysis may have a long 
survival. However, another important aspect is the quality of life of 
this population of patients. In two series, the average of hospitaliza-
tion days was 12 and 19 days per patient-year, respectively (Johnson 
et al., 1980; Torra et al., 1995). In one of these studies, patients who 
survived for > 1 year spend < 10 days per year in hospital, a fig-
ure similar to that observed in patients on chronic haemodialysis 
because of diabetic nephropathy (Torra et al., 1995). It seems that 
there are no long-term differences between chronic peritoneal 
dialysis (CAPD) and haemodialysis, although patients on CAPD 
are at a higher risk of developing bacterial peritonitis (Shetty and 
Oreopoulos, 1995). In summary, long-term dialysis is a worthwhile 
treatment for patients with MM and end-stage renal failure.

Specific antimyeloma therapy
Antimyeloma therapy is the mainstay of treatment for patients 
presenting with myeloma-related renal impairment. Immediate 
institution of antimyeloma therapy is necessary in order to reduce 
the load of the toxic light chains to the kidney and improve renal 
function.

High-dose dexamethasone-based regimens (such as VAD or 
similar) have been traditionally considered based on their rapid 
antimyeloma effect (Alexanian et al., 1990; Kastritis et al., 2007). 
However, after the introduction of novel agents in the late 1990s, 
the therapeutics of myeloma have substantially changed. These 
novel agents (thalidomide, lenalidomide, and bortezomib) used in 
combination with dexamethasone (with or without other drugs) are 
associated with high response rates and a fast myeloma response. 
Even with these of novel agents, steroids may have a significant 
role. They may rapidly reduce calcium levels, and thus are crucial 
for the management of hypercalcaemia. Furthermore, in a recent 
retrospective analysis in newly diagnosed myeloma patients who 
presented with and who received novel agents (thalidomide, borte-
zomib, or lenalidomide), higher doses of steroids (dexamethasone) 
were independently associated with shorter time to renal recovery, 
although were not independently associated with higher probabil-
ity of renal response (Dimopoulos et al., 2013).

Thalidomide, an immunomodulatory drug (IMiD), has been 
used in patients with renal impairment for several years, although 
there are not many reports on either antimyeloma efficacy or on 
renal improvement (Tosi et al., 2004, 2010; Kastritis et al., 2007; 
Dimopoulos et al., 2013). This drug is not excreted by the kidneys 

and can be used even in patients undergoing dialysis without dose 
modifications (Eriksson et  al., 2003). However, some toxicities, 
such as unexplained hyperkalaemia, may be of concern, especially 
in patients undergoing dialysis (Harris et al., 2003; Fakhouri et al., 
2004). When used with high-dose dexamethasone, thalidomide 
may be associated with a significant improvement of the renal 
function in a high proportion of myeloma patients presenting with 
renal insufficiency (Tosi et  al., 2004, 2010; Kastritis et  al., 2007; 
Dimopoulos et al., 2013) (Table 153.3).

Lenalidomide is a second-generation IMiD that has very simi-
lar structure but very different pharmacokinetic and toxicity pro-
file than thalidomide (Anderson and Prince, 2005). Lenalidomide 
is excreted by the kidneys and thus, the dose should be adjusted 
according to GFR (Chen et al., 2007). In the initial phase 3 trials 
comparing lenalidomide/dexamethasone (Len/Dex) with dexa-
methasone/placebo in patients with relapsed or refractory MM, 
patients with a serum creatinine > 2.5 mg/dL were excluded, but 
several patients with a CrCl < 60 mL/min and some with a CrCl < 
30 mL/min were treated with Len/Dex. Dimopoulos et al. (2010a) 
analysed 353 patients who received Len/Dex, including patients 
with moderate (CrCl < 60 mL/min, 82 patients) or severe (< 30 
mL/min, 16 patients) renal impairment. There were no significant 
differences in response rates or quality of response among patients 
with different degrees of renal dysfunction. Time to progression 
(TTP) and progression-free survival (PFS) were not significantly 
different, although there was a trend towards a shorter survival in 
patients with moderate or severe renal impairment. Importantly, 
improvement of renal dysfunction by at least one level (i.e. mild or 
no impairment from moderate RI, or severe to moderate or bet-
ter) was observed in 72% of patients with moderate-to-severe renal 
impairment who received Len/Dex. However, thrombocytopenia 
was significantly more common and dose reductions were required 
more often in patients with moderate or severe impairment who 
received Len/Dex. Similarly, in an expanded access programme 
of lenalidomide given in patients with relapsed or refractory MM, 
haematologic toxicity (mainly thrombocytopenia) and dose reduc-
tion were more common on patients with moderate RI (Reece et al., 
2006). In several small retrospective series, patients with reduced 
GFR have been treated with lenalidomide-based regimens and 
it seems that when lenalidomide dose was adjusted according to 
CrCl the toxicity was not excessive (Chen et al., 2007; de la Rubia 
et al., 2010; Dimopoulos et al., 2010b; Klein et al., 2011) while some 
patients with moderate or severe reductions had an improvement 
in their renal dysfunction (Dimopoulos et al., 2010b; Klein et al., 
2011). In a small series of patients undergoing dialysis, lenalido-
mide in adjusted doses induced significant response rates and one 
of 15 patients became dialysis independent (de la Rubia et al., 2010). 
In a retrospective analysis, comparing different novel agent-based 
first-line regimens in MM patients with renal impairment, Len/Dex 
was associated with a clinically significant GFR improvement in 
43% of patients, most of whom were of advanced age (Dimopoulos 
et al., 2013). Thus, lenalidomide-based therapy can be considered 
for the treatment of patients with MM, even of those with moderate 
or severe renal impairment, provided that the dose is appropriately 
adjusted.

Bortezomib is the first in class proteasome inhibitor that has been 
approved for the treatment of patients with MM. This drug has 
significant antimyeloma activity and also several advantages espe-
cially for patients with RI. Bortezomib has a half-life independent 

 

 

 



Table 153.3 Activity of novel agent-based regimens in patients with MM presenting with renal impairment

Number of 
patients with RI

Patients under 
dialysis

Disease status Myeloma 
response

Response of RI Comments

Thalidomide studies

Fakhouri et al., 
2004

7 1 Rel/ref 3/7 CR, 1 PR, 
3 MR

One patient presented with severe 
hyperkalaemia (> 8 mmol/L) on 
two occasions during therapy with 
400 mg/d thalidomide.

Tosi et al., 2004 20 with sCr > 1.5 
mg/dL and CrCl < 
60 mL/min

3 Rel/ref PR 45% 60% achieved sCr < 1.5 
mg/dL

Toxicity manageable and 
predictable

Kastritis et al., 
2007

13 with sCr > 2 
mg/dL

4 Newly diagnosed 65% 77% sCr <1.5 mg/dL

3/4 dialysis patients  
dialysis independent

Toxicity manageable and 
predictable

Tosi et al., 2010 31 with CrCl < 50 
mL/min

7 Newly diagnosed 74% (10% 
CR)

55% CrCl > 50 mL/min

2 of 7  dialysis 
independent

10% developed DVT—one patient 
developed extensive skin rash

Dimopoulos 
et al., 2013

62 4 Newly diagnosed ORR: 63% Major renal response 
(≥ renal PR): 55%

Renal CR: 53%

2/4 patients became 
dialysis independent

Toxicity manageable and 
predictable

Median time to renal response 
2.7 months (82 days)

Lenalidomide studies

Chen et al., 
2007

17 6 Non-malignant 
conditions

NR NR Pharmacokinetics of lenalidomide 
substantially affected by moderate 
and severe RI

Dose adjustments necessary

Reece et al., 
2006

23 0 Rel/ref Response 
rate, PFS, OS 
similar in 
patients with 
normal vs 
↑ creatinine 
level

NR Expanded access study in MM 
Patients with ↑creatinine level had 
lower baseline PLT counts, and 
required more PLT transfusions

Niesvizky et al., 
2007

14 with CrCl < 40 
mL/min

0 Newly diagnosed NR 3/14 had an increase of 
CrCl to > 70 mL/min

Renal dysfunction resulted in 
lenalidomide dose reduction

Baseline CrCl < 40 mL/min 
was associated with grade ≥3 
myelosuppression and the need 
to reduce lenalidomide dosage

Dimopoulos 
et al., 2010a

98 (82 patients 
with CrCl < 60 
mL/min, and 16 
with < 30 mL/
min)

0 Rel/ref ORR & 
quality of 
response 
similar to 
patients 
without RI

Improvement of renal 
dysfunction by at least 
one level in 72%

Trend for shorter survival in 
patients with moderate or 
severe RI.

Thrombocytopenia was 
significantly more common and 
dose reductions were required 
more often in patients with 
moderate or severe

de la Rubia 
et al., 2010

15 15 Rel/ref 4 CR, 1 
VGPR, 4 PR,

1 pt became dialysis 
independent

Len adjusted to RI (15 mg 3 × week 
or 5 mg QD)

4 pts died due to infectious 
complications

(Continued)



Number of 
patients with RI

Patients under 
dialysis

Disease status Myeloma 
response

Response of RI Comments

Dimopoulos 
et al., 2010b

12 1 Rel/ref 61% In 40% of patients with RI 
improved

Lenalidomide dose was adjusted 
according to renal function—no 
excessive toxicity.

Klein et al., 
2010

33 5 Rel/ref 3% CR, 12% 
VGPR, 49% 
ORR

27% showed an 
improvement of RI

OS was similar for patients with or 
without RI

Dimopoulos 
et al., 2013

28 0 Newly diagnosed ORR 82% Major renal response 
(≥ renal PR): 43%

Renal CR: 36%

Increase of median 
eGFR from 49 to 85 mL/
min/1.73m2

Len adjusted to RI

Manageable and no excess toxicity

Bortezomib studies

Jagannath et al., 
2005

52 with CrCl < 50 
mL/min

0 Rel/ref 25% NR Bortezomib effective

Manageable toxicities

San Miguel 
et al., 2008

58 with CrCl 0 Rel/ref 47% NR Trend for shorter OS in patients 
with moderate/sever RI compared 
to no/mild RI

Mulkerin et al., 
2007

43 9 Advanced cancer NR NR Bortezomib clearance independent 
of renal function

The overall AE profile in dialysis 
pts was similar to that in controls 
and in pts with mild-to-severe 
impairment, although renal and 
metabolic AEs appeared more 
common in dialysis pts

Ailawadhi et al., 
2007

28 with eGFR 
<60 mL/min

3 Rel/ref and newly 
diagnosed

ORR 57% NR No significant association between 
renal function and response to 
treatment

Dimopoulos 
et al., 2009b

46 9 Rel/ref and newly 
diagnosed

76% Reversal of renal 
failure in 59%

2/9 became dialysis 
independent

previously untreated disease was 
associated with renal response

Light chain myeloma was 
associated with a shorter time to 
renal response

4 out of 9 patients who were rated 
as having stable disease achieved 
a renal response as well as 1 of 
8 patients who had progressive 
disease

Ludwig et al., 
2010

68 9 Rel/ref and newly 
diagnosed

ORR 72%

(38% CR/
nCR, 15% 
VGPR, 
13% PR)

62% had a renal response

Median GFR increased 
from 20.5 mL/min to 
48.4 mL/min.

3/9 became dialysis 
independent

Significant improvement in renal 
function (renal CR) correlated 
with baseline GFR and myeloma 
response

Morabito et al., 
2010

117 (10% had CrCl 
50–80 mL/ min)

14 Rel/ref and newly 
diagnosed

ORR 73% 
(19% 
CR, 8% nCR

17% very 
good VGPR

> 80 mL/min in 41%

3/14 discontinued dialysis

RI improvement more frequently in 
previously untreated patients and 
in those with mild to moderate RI

ORR was similar across renal 
subgroups (severe vs moderate vs 
mild RI)

Table 153.3 Continued
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of renal clearance (Mulkerin et al., 2007) and data from the initial 
phase 2 and 3 trials as well as data from patients undergoing dialy-
sis indicated that bortezomib is safe to use in patients with renal 
dysfunction (Jagannath et al., 2005; San-Miguel et al., 2008), even 
those undergoing dialysis (Chanan-Khan et  al., 2007), without 
need for dose adjustments. In addition, bortezomib may reduce the 
inflammation in myeloma kidney disease and inhibit production of 
proinflammatory factors (Ying et al., 2011). There are data which 
indicate that the favourable activity of bortezomib in the context of 
RI may also be due to a ‘protective’ effect on renal cells and inhibi-
tion of inflammatory and fibrotic cascades within kidney microen-
vironment. Thus, in vitro, bortezomib induced survival signals in a 
proximal tubular renal cell line (Sarkozi et al., 2008). Proteasome 
inhibition with bortezomib partially blocked light-chain-induced 
MCP-1 by Src kinase-dependent activation of the NF-κB pathway, 
and this may be associated with an inhibition of proinflammatory 
and profibrotic activity within renal microenvironment (Ying et al., 
2011). However, the most important advantages of bortezomib 
are its rapid and significant antimyeloma action and its non-renal 
metabolism (Pekol et al., 2005; Labutti et al., 2006).

Reversal of renal dysfunction and significant improvement of 
renal function has been observed in several studies and even some 
patients on dialysis can became dialysis independent after treat-
ment with bortezomib (Chanan-Khan et al., 2007). This effect has 
been observed when bortezomib is used either in combination with 
dexamethasone or with other agents such as doxorubicin, cyclo-
phosphamide, or thalidomide. It has been consistently reported 
that about 20–30% of patients on dialysis may become dialysis 

independent (Ludwig et al., 2007; Roussou et al., 2008; Morabito 
et al., 2010). Bladé et al. (2008) analysed a phase 3 study compar-
ing bortezomib alone to bortezomib plus liposomal doxorubicin 
in patients with relapsed or refractory MM in which 193 patients 
with RI (CrCl < 60 mL/min but none had a CrCl < 30 mL/min) 
were included. A steady improvement in CrCl from a median of 
about 35–60 mL/min after therapy was observed, while other out-
come measures such as median TTP and PFS were not significantly 
different among patients with or without renal impairment across 
treatment groups. Data from the phase 3 study VISTA, compar-
ing VMP to MP in patients ineligible for ASCT, indicated that the 
rate of renal recovery was higher with VMP (44% of patients with 
baseline GFR < 50 mL/min improved to > 60 mL/min), compared 
to MP (34%). This difference was more pronounced in patients 
with more severe impairment (GFR < 30 mL/min). Time to renal 
improvement in patients with baseline GFR < 50 mL/min was also 
significantly shorter with VMP than MP (2.1 months vs 2.4 months) 
(Dimopoulos et al., 2009a). In a prospective phase 2 study including 
previously treated and untreated patients with MM-related acute 
RI, 68 patients received bortezomib with doxorubicin and dexa-
methasone (Ludwig et al., 2010). Tumour response was recorded in 
84% (≥ VGPR in 62%). Median GFR increased from 20 mL/min to 
48.8 mL/min, complete renal response (defined as GFR ≥ 60 mL/
min) was observed in 36%, and the overall renal response was 72%. 
In addition three of nine dialysis-dependent patients became inde-
pendent of the procedure.

Renal responses in patients treated with bortezomib-based 
regimens tend to occur rapidly, generally within the initial two 

Number of 
patients with RI

Patients under 
dialysis

Disease status Myeloma 
response

Response of RI Comments

Bladé et al., 
2008

193 patients with 
renal insufficiency 
(CrCl < 60 mL/
min—no patient 
with CrCl < 30 
mL/min)

0 Rel/ref 49% 
in B+PLD

39% in B 
alone

Statistically significant 
improvement in renal 
function (increase in CrCl)

Median TTP in patients with renal 
insufficiency

Bortezomib + PLD 10.9 months

Bortezomib alone 6.5 months

Grade 3/4 anaemia, diarrhoea and 
pneumonia more common in 
patients with RI

Dimopoulos 
et al., 2009c

111 (GFR < 50 
mL/min)

0 Newly diagnosed 68% (31% 
CR)

44% of patients improved 
to GFR > 60 mL/min

Retrospective analysis of phase 
3 trial

Rates of grade ≥ 4 AEs appeared 
somewhat higher in patients 
with GFR > 50 mL/min. Patients 
achieving renal impairment reversal 
had a better safety profile than 
those with irreversible RI

37% of patients with GFR < 50 mL/
min who did not respond to VMP 
had RI reversal.

Dimopoulos 
et al., 2013

43 (eGFR 
< 60 mL/min)

6 (14%) Newly diagnosed ORR: 81% Major renal response 
(≥ renal PR): 77%

Renal CR: 67%

3/6 patients became 
independent of dialysis

Median time to renal response 
41 days

RI = renal impairment; CR = complete response; ORR = overall response rates; MR: minor response; PR = partial response; Rel/ref: relapsed/refractory.

Table 153.3 Continued
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to three cycles of treatment and this is consistent across several 
studies (Dimopoulos et  al., 2009a, 2009b; Ludwig et  al., 2010). 
Another common observation is that renal response correlates 
with tumour response and is more common in newly diagnosed 
patients (Dimopoulos et al., 2009b; Ludwig et al., 2010). However, it 
is also interesting that some patients who do not achieve an objec-
tive myeloma response may also have a significant improvement in 
their renal function (Dimopoulos et al., 2009a, 2009b; Ludwig et al., 
2010). In retrospective studies, bortezomib-based therapy in newly 
diagnosed patients with reduced GFR was superior in terms of renal 
improvement and in time to the achievement of this improvement 
when compared to high-dose, dexamethasone-based, IMiDs-based 
therapy (thalidomide or lenalidomide) (Roussou et al., 2010), or 
separately to thalidomide or lenalidomide (Dimopoulos et  al., 
2013). Overall, significant improvement of renal function was 
observed in 77–82% of patients treated with bortezomib-based 
therapy. Furthermore, this improvement seems to be independ-
ent of the dose of steroids, although higher dose of dexamethasone 
may be associated with shorter time to renal recovery (Dimopoulos 
et al., 2013).

The International Myeloma Working Group has published a con-
sensus statement regarding the management of patients with MM 
presenting with renal impairment (Dimopoulos et al., 2010c) and 
recommends the use of bortezomib-based regimens as first choice. 
The combination of bortezomib with thalidomide and dexametha-
sone is considered, although the data on this regimen are limited. 
Lenalidomide is also considered, although data on this regimen come 
mainly from patients with mild-to-moderate renal impairment, at 
doses adjusted to renal function. Considering the lack of rand-
omized trials comparing different regimens but based on the avail-
able data we also recommend bortezomib/dexamethasone-based 
regimens for MM patients presenting with renal impairment as first 
choice. Lenalidomide/dexamethasone-based regimens can also be 
considered given the high response rates.

Stem cell transplantation in patients with renal impairment
High-dose therapy with autologous stem cell transplantation is a 
major treatment option in patients with myeloma who are usually 
< 65 years of age. This treatment modality is not given immedi-
ately after diagnosis of MM, but after an induction phase, which 
nowadays, is usually based on novel agents. Thus, several patients 
who initially presented with severe renal impairment may have 
a significant improvement of their renal function by the time of 
transplant. However, high-dose therapy (HDT) and autologous 
stem cell transplantation (ASCT) may still be recommended in 
eligible patients.

Patients with persisting renal impairment were excluded from 
most randomized trials, but HDT and ASCT is feasible in these 
patients, including those who require dialysis (San Miguel et al., 
2000; Badros et al., 2001). Current data indicate that the quality of 
stem cell collection and engraftment are unaffected (Badros et al., 
2001; Lee et al., 2004). A reduced dose of melphalan (140 mg/m2) is 
used in patients with low GFR or undergoing dialysis; the reduced 
dose does appear as effective as 200 mg/m2, probably with less 
toxicity (Badros et al., 2001) but it has not been tested in a rand-
omized study. Furthermore, melphalan kinetics are very difficult 
to predict, even in patients with normal renal function. However, 
HDT in patients with reduced GFR is associated with an increased 
risk of toxicity, which seems to increase with the degree of renal 

dysfunction (Tricot et al., 1996; Carlson et al., 2005). In patients 
with persisting renal impairment, rates of transplant-related 
mortality between 4% and 29% were reported (San Miguel et al., 
2000; Badros et al., 2001; Lee et al., 2004; Knudsen et al., 2005); in 
comparison, transplant-related mortality is < 1% in patients who 
recovered a normal renal function after initial therapy (Knudsen 
et al., 2005).

The impact of HDT/ASCT on renal function has not been well 
studied. Retrospective studies indicate that improvement of CrCl 
of at least 25% above baseline is about 30% (Hutchison et  al., 
2007b) after HDT; dialysis independence might also occur in about 
15–25% of HDT-treated patients who were on dialysis at the time of 
HDT (Sirohi et al., 2001; Parikh et al., 2009). In the largest series of 
dialysis-dependent patients, 5-year event-free and overall survivals 
were 24% and 36% (Lee et al., 2004), but the absence of prospective 
studies prevents any definitive conclusion. Given the availability of 
novel agents which have improved outcomes, including the rates 
of renal improvement, current data on ACST should be evaluated 
carefully. It is our practice to offer HDT with ASCT to patients who 
are eligible for the procedure, even those under dialysis, but at the 
dose of 140 mg/m2 for melphalan (Dimopoulos et al., 2010c).

Prognosis of patients with multiple 
myeloma presenting with renal impairment
Renal impairment reflects advanced disease and high tumour bur-
den in patients with myeloma cast nephropathy (Dimopoulos et al., 
2010c; Hutchison et al., 2012a); in those with LCDD or AL amy-
loidosis, however, there is only a small or modest in size plasma 
cell clone in the bone marrow (Merlini and Stone, 2006). Patients 
with myeloma and reduced GFR are mostly rated as stage III by 
the International Scoring System (ISS), due to the elevated levels of 
beta-2-microglobulin which are partially a result of reduced excre-
tion. Nevertheless, this is associated with significantly shorter sur-
vival (Dimopoulos et al., 2012c). Renal recovery may be associated 
with improved survival; however, this has not been confirmed in all 
series (Dimopoulos et al., 1990; Bladé et al., 1998; Knudsen et al., 
2000; Kastritis et al., 2007).

Patients who present with AKI have increased early mortality, 
reaching up to 30% within the first 2 months in some series (Bladé 
et al., 1998; Augustson et al., 2005). Indeed, the risk of early death 
increases more than fourfold for patients with more severe renal 
impairment (Dimopoulos et al., 2012b). Furthermore, renal dam-
age adversely affects the outcome of myeloma patients in various 
ways:  drug dosing is often complicated while many potentially 
nephrotoxic but useful drugs are deferred; patients with renal 
failure, of any cause, are also more susceptible to infections and 
electrolyte imbalance complications, are more likely to require 
prolonged hospitalization and their quality of life may be severely 
compromised. However, the prognosis has improved significantly 
over the past decade, mainly due to the availability of more effective 
treatments for MM and improvements in supportive care. A major 
improvement was observed after the year 2000, when thalidomide, 
the first of the novel agents, became widely available, and also after 
2005 when bortezomib as first-line therapy was used in several 
patients (Dimopoulos et  al., 2012b)—this improvement is more 
pronounced in patients with more severe impairment (eGFR < 30 
mL/min) indicating the importance of the use of novel agents with 
increased antimyeloma activity.
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Renal transplantation in patients 
with myeloma-related end-stage 
renal disease
Renal transplantation in patients with myeloma is rare due to the 
nature of the disease: patients with MM die due to their under-
lying malignancy in a median of 3–5  years after the diagnosis. 
Furthermore, patients with MM are at high risk for infections, may 
experience several relapses in which the allograft is exposed to toxic 
light chains, and the use of immunosuppression may be problem-
atic (De Lima et al., 1981; Walker and Bear, 1983; van Bommel, 
1996). However, there is an increasing number of patients with 
MM who attain long-lasting responses, including several patients 
who may have a complete response of their underlying myeloma 
for several years. Thus, a renal transplantation could be considered 
for some patients (Dagher et al., 1996; Tsakiris et al., 2010; Bansal 
et al., 2012). A combination of ASCT with renal transplantation has 
also been reported (Spitzer et al., 1999, 2011). Still, there are only 
limited data about renal transplantation in patients with myeloma 
and current information needs to be reviewed carefully, especially 
in light of the recent improvements in the outcome of patients with 
MM (Kumar et al., 2008; Kastritis et al., 2009).
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Light-chain deposition disease
Dirk R. J. Kuypers and Morie A. Gertz

Introduction
Light-chain deposition disease (LCDD) is a rare systemic disorder 
characterized by extracellular tissue deposition of non-amyloid 
monoclonal immunoglobulin light chains (LCs) in various organs 
including kidneys, heart, and liver. LCDD occurs often during the 
course of plasma cell dyscrasias such as multiple myeloma (MM) 
and amyloidosis or other lymphoproliferative diseases. Idiopathic 
LCDD in the absence of any detectable haematological disorder is 
infrequent. Renal involvement in LCDD occurs almost invariably 
and often leads to renal insufficiency despite aggressive treatment. 
LCDD recurrence in the renal allograft presents as proteinuria and 
subsequent progressive graft failure. Median patient survival with 
LCDD is 49 months, up to 54 months in idiopathic LCDD; death 
is often due to cachexia, cardiac failure, infections, liver involve-
ment, or progression of MM. While treatment of the underlying 
lymphoproliferative disease or plasma cell dyscrasia can dramati-
cally alter the clinical course of LCDD in selected patients, novel 
therapeutic strategies have recently also been successfully applied 
in patients with idiopathic LCDD.

Aetiology and epidemiology
Approximately 500 mg of free immunoglobulin LCs are produced 
on a daily basis in normal individuals with twice as much kappa (κ) 
chains as lambda (λ) chains (Waldmann et al., 1972). Monomeric κ 
LCs have a half-life of 2–4 hours while dimeric λ LCs have a slightly 
longer half-life of 3–6 hours (Pratt, 2008). So whilst the produc-
tion of κ LCs is greater, the serum concentration of the latter is 
lower under normal circumstances due to the slower clearance of 
dimeric λ chains resulting in median serum κ levels of 7.3 mg/L 
(95% range: 3.3–19.4 mg/L) and median λ levels of 12.7 mg/L (95% 
range: 5.7–26.3 mg/L) with an average κ/λ ratio of approximately 
0.50 (Bradwell et al., 2001; Katzmann et al., 2002). Up to 10–30 g 
of LCs can be metabolized by proximal tubular cells under nor-
mal circumstances so baseline serum LC concentrations have to 
increase to a large extent before the processing capacity of the tubu-
lar cells is exceeded (Pratt, 2008). Serum LC concentrations can 
increase manyfold with progressive degrees of renal failure with a 
concomitantly increased κ/λ ratio due to the proportionally more 
extensively reduced clearance of κ LC (Bradwell et al., 2005). The 
latter phenomenon is also observed with advanced age. A broad 
range of inflammatory and infectious conditions (e.g. systemic 
lupus erythematosus) can cause a rise in serum LC concentrations 
but the κ/λ ratio usually remains normal in these circumstances. 
A significantly abnormal κ/λ ratio is therefore almost exclusively 
encountered in the presence of a lymphoproliferative disease with 

excess production of pathologic LCs and hence disturbance of the 
normal balance between κ and λ secretion.

LCDD is often associated with MM (varying between 32% and 
65% of cases), less frequently with lymphoproliferative disease 
(lymphoma, chronic lymphatic leukaemia) while in one-third of 
patients no clear haematological disorder can be identified and 
LCDD is classified as idiopathic (Lin et al., 2001; Pozzi et al., 2003). 
In the latter group, the aberrant B-cell population responsible for 
the pathological LC synthesis is often so small that even sensitive 
techniques fail to identify the pathological B-cell clone in the bone 
marrow. Rare associations have been reported together with amy-
loidosis, diabetic nephropathy, Waldenström macroglobulinaemia, 
POEMS, crystal-storing histiocytosis, familial Mediterranean fever, 
and hepatitis C virus infection.

In a large European survey in > 150,000 patients comprising 13 
national registries, dialysis treatment for end-stage renal disease 
(ESRD) due to MM or LCDD had increased in the last 20 years 
from 0.7 to 2.52 per million population (Tsakiris et al., 2010). The 
latter observation is probably in part due to better diagnosis and 
therapy. Mortality risk was 2.77-fold higher in dialysis patients 
with MM or LCDD while median survival on dialysis was also 
significantly lower (0.91 years versus 4.46 years) in comparison to 
patients without these diseases (Tsakiris et al., 2010). In the United 
States Renal Data System (USRDS) database, immunoproliferative 
neoplasms (excluding MM, lymphoma, and amyloidosis) were reg-
istered as the primary cause of ESRD on 710 occasions between 
2004 and 2008, representing 0.1% of all causes (USRDS, 2011). The 
prevalence of immunoproliferative neoplasms in 2008 was reported 
as 323 (0.1%) by the USRDS (USRDS, 2011). Although the true 
prevalence of LCDD is most likely underestimated due to misdiag-
nosis, it remains a rare disorder.

Pathophysiology
Deposits in LCDD are more frequently of κ LC origin (70%) as 
opposed to primary amyloidosis (AL) where predominantly λ chains 
are observed (Lin et al., 2001; Pozzi et al., 2003). Whereas fibrils in 
AL are usually derived from the variable region of LCs, the granu-
lar deposits in LCDD are often constructed of the constant region 
of the LC with formation of amorphous aggregates with diameters 
ranging from 50 to 300 nm (Sikkink and Ramirez-Alvarado, 2008). 
Thermal and chemical denaturation-derived values indicate that 
LCDD proteins are more stable than AL proteins. Factors poten-
tially affecting the aggregation and deposition of aberrant LCs 
include somatic mutations, thermodynamic instability, proteolysis, 
and glycosylation processes and certain germline gene sequences 
(Sikkink and Ramirez-Alvarado, 2008). The granular extracellular 
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deposits in LCDD do not form beta-pleated sheets, fibrils, or tubu-
lar structures and do not stain with Congo red staining. Organ dys-
function in LCDD is not simply a consequence of LC deposition 
but also the result of stimulation of various pro-fibrotic pathways 
leading to expansion of the extracellular matrix (ECM) and fibro-
sis and ultimately functional organ damage (Keeling and Herrera, 
2005, 2009). In vitro experiments have demonstrated that renal 
mesangial cells incubated with LC from LCDD patients, show a 
significant increase in expression of tenascin, a major protein con-
stituent of mesangial ECM (Keeling and Herrera, 2005, 2009). The 
increased tenascin concentrations found within the newly formed 
LC nodules together with a higher expression of platelet-derived 
growth factor and transforming growth factor beta, indicate a reac-
tive response of the mesangial cells triggered by the presence of LCs 
and consequently an expansion of the mesangial ECM (Keeling 
and Herrera, 2005, 2009). Tenascin is degraded by matrix metal-
loproteinase (MMP)-7 under normal circumstances and to a lesser 
extent by MMP-3 and MMP-1 (Keeling and Herrera, 2005, 2009). 
Interestingly, intracellular (vesicles) MMP-7 expression is mark-
edly increased in mesangial cells exposed to LCs while extracellu-
lar concentrations of MMP-7 are significantly reduced, suggesting 
that a defective release of MMP-7 into the ECM might contrib-
ute to the mesangial expansion observed in LCDD (Keeling and 
Herrera, 2005, 2009). In diabetic nephropathy, advanced glycosyla-
tion end-products also suppress mesangial cell MMP-7 produc-
tion, leading to ECM accumulation in a very similar way to that 
observed in LCDD. Very rarely, an LCDD κ variant is associated 
with intra-cytoplasmatic crystal deposits in proximal tubular cells 
giving rise to symptoms of Fanconi syndrome (Larsen et al., 2011). 
In this latter case, it is thought that filtered κ LCs are in fact resist-
ant to lysosomal degradation within the proximal renal tubular cell 
because of structural characteristics in their variable region, and 
accumulate within the lysosome where they undergo spontaneous 
crystallization. The lack of renal tubular casts in this LCDD variant 
could be explained by the low affinity of the LC for Tamm–Horsfall 
proteins and hence low propensity to form casts.

Clinical features
LCDD has an insidious clinical course presenting in the fifth and 
sixth life decade with a mild predominance for the male gender 
(~ 60%) (Lin et al., 2001; Pozzi et al., 2003). Many patients develop 
MM over time and as with amyloidosis, clinical features vary with 
the location and extent of LC deposition. Typically, patients have 
cardiac, hepatic, renal, and peripheral neural symptoms. Less fre-
quently, lungs, skin, spleen, adrenal glands, thyroid gland, and gas-
trointestinal tract are involved (Lin et al., 2001; Pozzi et al., 2003). 
Rare association have been described with LC deposition in the 
brain, pharynx, striped muscles, arteries, lymph nodes, and lac-
rimal glands. Rare cases of LC deposition beneath the basement 
membrane of the ciliary pigment epithelium leading to exudative 
retinal detachment and progressive loss of visual acuity have been 
reported (Daicker et al., 1995). Clinical symptoms and signs are 
related to the affected organs with hypokinetic cardiomyopathy, 
cachexia, haemorrhages, infections, and MM progression as main 
causes of death (Lin et  al., 2001; Pozzi et  al., 2003). In a survey 
of 63 patients with LCDD and renal involvement, the incidence 
death rate was 17.5 per 100 patient-years and median survival was 
4.1 years (Pozzi et al., 2003). Factors independently associated with 

patient survival in this group were age (relative risk (RR) 1.06), the 
presence of MM (RR 2.75,) and symptomatic extrarenal LC depo-
sition (RR 2.24) (Pozzi et al., 2003). About one-third of patients 
developed symptomatic extrarenal LC deposition during the course 
of LCDD. Intensive chemotherapy (vincristine, doxorubicin, dexa-
methasone (VAD)/vincristine, doxorubicin, methylprednisolone 
(VAMP)) seemed to improve survival, albeit not significantly. Renal 
impairment at the time of LCDD diagnosis has also been identified 
as a significant risk factor for patient death (hazard ratio 2.76) in 
another study while mean survival was 54 months for patients with 
LC deposits without associated MM (Lin et al., 2001).

Renal involvement occurs almost invariably in LCDD and domi-
nates the clinical course of the disease as pathological LCs are fil-
tered by the glomerulus and reabsorbed by the proximal tubular 
cells through receptor-mediated (megalin/cubulin) endocytosis 
(Keeling and Herrera, 2005, 2009). LCs undergo degradation in 
the renal tubular cells by lysosomal enzymes such as pepsin and 
cathepsin B. Depending on their structural characteristics, LC can 
either form casts with Tamm–Horsfall proteins in the distal tubules 
or not, depending on their specific binding properties. Rarely the 
LCs, usually κ chains, crystallize in the cytoplasm of the proximal 
tubular cells (Larsen et al., 2011). More than 90% of patients with 
LCDD have renal functional impairment at the time of diagnosis. 
In 30–40% of cases they present clinically with acute or rapidly 
progressive kidney failure (usually developing over a period of a 
few months) or patients are diagnosed with chronic renal insuf-
ficiency as evidenced by pre-existing abnormal laboratory values 
with or without the presence of reduced kidney size (Lin et  al., 
2001; Pozzi et al., 2003; Stratta et al., 2011). Patients with idiopathic 
LCDD less often present with acute kidney failure and have lower 
median serum creatinine concentrations compared to patients with 
concurrent MM (Lin et al., 2001; Pozzi et al., 2003; Stratta et al., 
2011). The incidence rate of ESRD was 23.7 per 100 patient-years 
while the median time to reach ESRD was 2.7 years in a cohort of 
63 LCDD patients (Pozzi et al., 2003). Age (RR 1.05) and serum 
creatinine at presentation (RR 1.24) were independently associated 
with renal survival (Pozzi et al., 2003). Interestingly, no histological 
features in the renal biopsy were predictive of ESRD in this clinical 
cohort (Pozzi et al., 2003). Nephrotic range proteinuria is present 
in 40–50% of patients with LCDD at the time of diagnosis; approxi-
mately 20% of patients develop a full-blown clinical nephrotic syn-
drome. Forty-five per cent of patients have a moderate degree of 
proteinuria at presentation ranging between 1 and 3.5 g/24 hours. 
Other nephrological signs at presentation are arterial hypertension 
(80%), oedema (40–60%), and microscopic haematuria (40–50%) 
(Lin et al., 2001; Pozzi et al., 2003; Stratta et al., 2011).

Histopathology
A typical renal biopsy in a patient with LCDD contains enlarged 
glomeruli with nodular or diffuse expansion of the mesangial 
matrix, often accompanied by mild mesangial hypercellularity 
(Fig. 154.1A). Occasionally, membranoproliferative features with 
mesangial interposition are noticed around mesangial nodules. 
The nodular depositions stain periodic acid–Schiff (PAS)-positive. 
Glomerulosclerosis is common but variable while glomerular and 
tubular basement membrane thickening is frequently observed 
(80% of cases). The light microscopic picture of a nodular scleros-
ing type of glomerulopathy is encountered in 50% of LCDD cases 

 

 



SECTION 6 the patient with another primary diagnosis1294

(Lin et al., 2001; Pozzi et al., 2003). Sometimes only very minimal 
changes are observed on light microscopic examination. In the tub-
ulointerstitial compartment, the concurrent damage varies from 
mild to severe tubular atrophy and interstitial fibrosis. Histological 
evidence of associated myeloma cast nephropathy is regularly 
encountered in patients with LCDD and MM. Associated cases of 
amyloidosis are less frequent observed and can be differentiated by 
Congo red staining and electron microscopy (EM). Other histo-
logical entities in light microscopic examinations of renal biopsies 
of LCDD patients have been described, including heavy-chain dep-
osition disease, diabetic nephropathy, fibrillary glomerulopathy, 
thrombotic microangiopathy, acute tubulointerstitial nephritis, and 
proximal tubular LC crystal deposition. Immunohistochemistry 
with monoclonal antibodies against κ and λ LC (immunofluores-
cence or immunostaining) is positive in > 95% of patients with 
staining of the glomerular nodules, glomerular basement mem-
brane, tubular basement membrane, and vascular walls in 40%, 
82%, 95%, and 63% respectively (Lin et al., 2001; Pozzi et al., 2003). 
κ is the dominant LC found in LCDD renal biopsies and is more 
often associated with a nodular sclerosing glomerulopathy type 
compared to λ chain LCDD (Fig. 154.1C, D). EM demonstrates 
granular electron-dense deposits along the glomerular and tubu-
lar basement membrane (lamina rara interna) and less frequently 
along the vascular wall (in the basement membrane of individual 
myocytes) (Fig. 154.1B). Interstitial deposits are rare. Fusion of 
podocyte foot processes is variably identified but typically exten-
sive. In approximately 15–20% of cases, EM fails to confirm the 
presence of electron-dense deposits in a renal biopsy with positive 
immunohistochemistry for κ or λ chains (Lin et al., 2001). The lat-
ter occurs more frequently in patients with LCDD in combination 
with MM and more with λ chain LCDD. The discrepancy between 
IF and EM findings in LCDD can possibly be explained by differ-
ences in LC structure and hence altered propensity for the forma-
tion of electron-dense deposits and the often focal distribution of 
deposits. Conversely, typical granular electron-dense deposits are 
only rarely found on EM in LCDD biopsies with negative immu-
nohistochemistry (Lin et al., 2001). This lack of immune reactivity 
may be explained by structural alterations in the antigenic proper-
ties of the LC that lead to the obscuring of epitopes for antibody 
recognition.

Diagnostic approach and differential 
diagnosis
The diagnosis of LCDD is often delayed and based on the insidious 
clinical presentation which is strongly dependent on the localiza-
tion of LC deposition(s), the almost invariable renal involvement, 
and the detection of an excess of abnormal immunoglobulin LCs. 
Whilst bone marrow examination will often identify associated 
MM, renal biopsy frequently provides the final diagnostic proof, 
especially in cases of idiopathic LCDD. Different types of diagnos-
tic imaging techniques can be employed to document and semi-
quantify extrarenal LC deposition including computed tomography 
(CT), ultrasound, magnetic resonance imaging, and recently F-18 
FDG positron emission tomography/CT (Makis et al., 2010).

Abnormal LCs can be detected and quantified by serum or 
urine protein electrophoresis and immunofixation and serial 
measurements are helpful for disease monitoring and therapeu-
tic response evaluation (Wolff et al., 2007). By immunofixation a 

monoclonal protein can be detected in the serum in approximately 
75% of LCDD patients and in 90% of cases in the urine (Wolff et al., 
2007). Only in a small group of patients with LCDD (< 10%) can 
no pathological LC be demonstrated by employing this analytical 
method. The diagnostic value of serum or urine protein electro-
phoresis in the detection of LCDD is poor with only one-third of 
patients having a ‘M protein’ or ‘M spike’ detected prior to histo-
logical confirmation of the disease (Wolff et al., 2007). The recently 
developed automated immunoassay (Freelite™, The Binding Site 
Ltd.) with nephelometric detection and quantification of free κ and 
λ LCs in serum and urine, has been accepted as a screening tool 
and an additive or alternative clinically prognostic and monitor-
ing tool, especially in the management of oligo-secretory MM 
and other oligo-secretory plasma cell disorders (guidelines of the 
International Myeloma Working Group) (Pratt, 2008; Dispenzieri 
et al., 2009). No large validation studies of this quantitative neph-
elometric assay in LCDD patients have been reported. Based on the 
sparse data extracted from mixed population studies, the use of the 
free LC immunoassay might prove beneficial in the diagnosis and 
therapeutic monitoring of certain cases of LCDD but further vali-
dation is mandatory (Tate et al., 2003; Katzmann et al., 2005; Pratt, 

(A)

(B) (C)

(D)

Fig. 154.1 Light microscopy, electron microscopy, and immunostaining of a 
native renal biopsy containing idiopathic LCDD. (A) Silver methenamine stain 
(original magnification ×200). Large arrows indicate the presence of argyrophilic 
nodular mesangial expansions resembling Kimmelstiel–Wilson nodules in diabetic 
nephropathy. Small arrows show the thickening and sometimes reduplication of 
the tubular basement membranes. (B) Transmission electron microscopy (original 
magnification ×4400). Arrows indicate the presence of electron-dense granular 
deposits along the tubular basement membrane. (C) Immunohistochemical 
stain on frozen tissue using antibodies against λ LCs (original magnification 
×200), showing the absence of λ LCs along the tubular basement membranes. 
(D) Immune-histochemical stain on frozen tissue using antibodies against κ LCs 
(original magnification ×200), showing diffuse and strong positivity for κ LCs along 
the tubular basement membranes.
Courtesy of Prof Dr Evelyne Lerut, Department of Morphology and Molecular Pathology, 
University Hospitals of Leuven, Belgium.
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2008; Briand et al., 2010). For example, the intrinsic limitations of 
the free LC immunoassay including poor post-dilution linearity, 
overestimation by nephelometry, the variation in results with dif-
ferent analysers, and the need for local reference ranges, have not 
been appropriately addressed in the clinical setting of disease man-
agement of LCDD (Tate et al., 2003; Katzmann et al., 2005; Pratt, 
2008; Briand et al., 2010).

In the differential diagnosis, LCDD should be clinically differen-
tiated from AL and secondary (AA) amyloidosis, MM, and other 
forms of plasma cell dyscrasias.

Treatment and outcome
By definition, all patients who have LCDD have a clonal population 
of bone marrow plasma cells synthesizing the LCs or heavy chains 
or fragments of either that ultimately form granular deposits in the 
kidney visible by EM. Monoclonal immunoglobulin deposition dis-
ease due to amyloid, a fibrillar rather than glomerular deposition, 
and myeloma cast nephropathy, where the immunoglobulin LC 
precipitates with Tamm–Horsfall glycoprotein in the renal tubule, 
have different mechanisms. All share the same therapeutic strategy 
whereby eradication of LC synthesis is required both to result in 
disease regression and to prevent disease recurrence if renal allo-
grafting is undertaken.

One indication of the common pathology of all monoclonal 
immunoglobulin deposition disorders are reports of renal fail-
ure due to combined cast nephropathy, amyloidosis, and LCDD 
(Lorenz et al., 2010). The coexistence of myeloma cast nephropathy, 
LCDD, and non-amyloid fibrils in a patient with MM has also been 
reported, suggesting a common underlying mechanism for cast 
nephropathy and the deposition of LCs in the kidney. Oftentimes, 
distinction between these requires laser microdissection and mass 
spectrometry (Qian et al., 2010).

Therapy directed against LC synthesis is not required in all 
patients. In the majority of patients, the disease throughout its 
clinical course involves only the kidneys. Case reports of LCDD 
involving the heart and liver exist, but these are rare and the risk of 
development of extrarenal LC deposition does not mandate ther-
apy if no other indications exist.

Patients can present with LCDD in oliguric renal failure. In this 
situation, chemotherapy is unlikely to restore normal renal function; 
and if renal transplantation is not anticipated, no chemotherapy is 
required and renal replacement therapy can commence. Dialysis 
does not seem to worsen the outcome in LCDD because survival 
of patients on dialysis is not different from the other patients not 
reaching uraemia (Pozzi and Locatelli, 2002). Therefore, if a renal 
transplant is not planned and there is no evidence of extrarenal 
deposition of LCs or if comorbidities render the patient a poor 
candidate for chemotherapy, no intervention for patients who have 
already achieved dialysis dependency is required.

For patients that are candidates for active management, 
cytotoxic chemotherapy directed against the monoclonal 
immunoglobulin-producing plasma cells is indicated. The recent 
introduction of immunoglobulin free LC measurement has 
resulted in a sensitive nephelometric test that renders it possible to 
monitor the actual synthesis of the responsible monoclonal immu-
noglobulin and assess for response, as evidenced by a decline in 
LC production, or evidence of disease recurrence with a rise in 
LCs. The ratio of involved and uninvolved immunoglobulin LCs 

allows monitoring to occur even in those patients who have sig-
nificant renal insufficiency, which reduces the glomerular excretion 
of LCs (Brockhurst et al., 2005a, 2005b). It has been reported that 
improvement in renal function and proteinuria following chemo-
therapy correlates with a reduction in circulating LC levels, and this 
has been our experience as well.

Renal transplantation is an appropriate consideration for patients 
with LCDD; but in the absence of cytotoxic chemotherapy to sup-
press immunoglobulin LC production, recurrence of the disease 
after renal allografting is to be expected. One patient with LCDD 
lost her first living donor graft at 1 year due to extensive recurrence 
of κ LC deposition. Rituximab therapy prevented loss of a second 
graft, but there was mild recurrence of LC deposits (Kuypers et al., 
2007). Others have also reported LCDD recurring after renal trans-
plantation (Larsen et al., 2008; Taneda et al., 2008). The most com-
mon causes of death in LCDD patients are cardiovascular causes, 
malignancy, and infection. There was a 2.77-fold higher risk of 
death compared to other patients without LC deposition. An unad-
justed median survival of patients on renal replacement therapy 
was 0.91 years. Results suggest that dialysis should be offered to 
patients with LCDD (Tsakiris et al., 2010).

The treatment of LCDD has paralleled treatment of myeloma 
cast nephropathy. The first report of multiple alkylating agent 
chemotherapy for LCDD appeared in the year 2000 where 
long-term intermittent melphalan, cyclophosphamide, vincristine, 
and prednisolone were administered to a 64-year-old man with LC 
nephropathy and nodular deposits of κ LCs in the mesangium and 
subendothelial space. Proteinuria and renal function improved. 
A follow-up biopsy showed diminution of nodular lesions and dis-
appearance of ĸ LC deposits validating the value of chemotherapy 
(Tsakiris et al., 2010). A 37-year-old male with nephrotic syndrome 
and renal insufficiency was treated with melphalan and steroids, 
and the LC protein disappeared from the serum and urine with 
stable renal function for > 10 years. A nephrectomy performed 
for renal cell cancer demonstrated that the nodular lesions and 
LC deposits were no longer observed (Komatsuda et  al., 2000). 
A 58-year-old female who had proteinuria and a creatinine clear-
ance of 49 mL/min had three courses of melphalan and prednisone 
chemotherapy resulting in disappearance of proteinuria and sta-
bilization of renal function, demonstrating that early systemic 
chemotherapy can be beneficial in this patient population (Hotta 
and Taguma, 2002).

The past decade has resulted in dramatic improvements in the 
efficacy of systemic chemotherapy available for these patients. 
Since the outcome of the disease is driven primarily by eradica-
tion of the monoclonal immunoglobulin, deep reductions in LC 
synthesis are required. This is not the case for MM where modest 
reductions of the tumour mass can result in prolonged survival. In 
immunoglobulin deposition, 50% reduction of LC production may 
have no impact on the inexorable progression of LC deposition into 
the renal parenchyma. In the last 15 years, however, the introduc-
tion of immunomodulatory drugs, proteasome inhibitors, and stem 
cell transplantation have improved the outlook for these patients.

A 32-year-old female with LCDD who presented with nephrotic 
syndrome received prednisolone and cytotoxic chemotherapy as 
used for MM, and it was ineffective. Thalidomide 100 mg daily and 
dexamethasone 20 mg, 4 days per month resulted in a complete 
haematologic remission after 8  months, including a normalized 
free LC ratio, and improvement of the renal insufficiency. At the 
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time of the report, the response was 31  months and continuing 
(Nakatsuka et al., 2005).

Bortezomib is a highly active anti-myeloma agent approved 
for use in patients with newly diagnosed and relapsed refractory 
myeloma. It has the particular advantage that no dose modification 
is required for renal insufficiency. Multiple reports of bortezomib 
ability to reverse renal failure in MM exist. In the last 5 years, phase 
I and II studies have shown it to be highly effective, producing both 
haematologic and organ responses in amyloidosis.

A 39-year-old male who had failed two chemotherapy regimens 
and stem cell transplantation developed renal failure. At 3 days fol-
lowing living donor renal transplantation, he displayed rapid dete-
rioration of renal function that failed to respond to antirejection 
therapy. A renal biopsy showed recurrent LCDD with immunofluo-
rescent staining of the basement membranes, and vessels for ĸ LCs. 
The LCs were also detected in the serum and urine. Following sus-
pension of sirolimus given to prevent graft rejection, he was initi-
ated on bortezomib and dialysis was discontinued within 3 weeks 
with progressively improving renal function. Maintenance therapy 
consisted of six 2-week-long cycles of bortezomib separated by a 
1-week rest. The bortezomib rescue therapy salvaged the kidney 
with pathologically proven recurrent LCDD (Fujita et al., 2011). 
A patient whose kidney biopsy revealed ĸ LC nephropathy with 
PAS-negative tubular casts in the cortex and outer medulla was 
reported, with 15% ĸ plasma cells in the bone marrow. The patient 
received a 3-day course of plasma exchange followed by eight cycles 
of bortezomib, liposomal pegylated doxorubicin, and dexametha-
sone and did not require dialysis. Cyclophosphamide was added, 
as was thalidomide maintenance, and 32 months after diagnosis, 
the patient’s renal function was improved and he achieved a par-
tial response. Bortezomib-based chemotherapy is effective and 
should be considered in the treatment of LCDD with severe renal 
dysfunction.

Stem cell transplantation
Stem cell transplantation is uniquely suited to the management of 
monoclonal immunoglobulin deposition diseases. Unlike MM, 
the plasma cell burden in LCDD is low, usually 5% or less clonal 
plasma cells in the bone marrow. In addition, the cells do not have a 
high prevalence of genetic abnormalities and are non-proliferative 
so that a single course of high-dose chemotherapy can result in 
long-term suppression of plasma cell proliferation and thereby 
eliminate LC deposition over long periods of time. The first report 
of dialysis-dependent renal failure and LCDD managed by autolo-
gous stem cell transplantation was reported in 2004. This patient 
was dialysis dependent and treatment with autologous stem cell 
transplantation led to reversal and sustained improvement in renal 
function (Kaposztas et al., 2009). A 53-year-old male with nephrotic 
syndrome and severe renal failure was diagnosed with light- and 
heavy-chain deposition disease by renal biopsy. Conventional 
chemotherapy was ineffective and did not improve renal failure. 
High-dose chemotherapy with peripheral blood stem cell trans-
plantation was introduced after haemodialysis and normalized the 
bone marrow with improved kidney function (Firkin et al., 2004).

A group at Boston University Medical Center reported five 
patients with LCDD who received high-dose melphalan and autolo-
gous peripheral blood stem cell transplantation. Five of the six were 
predominantly renal, and one patient had biopsy-proven deposits in 
the myocardium. All patients were alive and five of the six achieved 

a complete haematologic remission at a median follow-up of 
12 months after stem cell transplantation, indicating the feasibility 
and effectiveness of this treatment approach (Sakakima et al., 2005). 
Sequential autologous peripheral blood stem cell transplantation 
and kidney transplantation has been utilized in LCDD (Weichman 
et al., 2006). There is controversy as to whether it is appropriate to 
perform a stem cell transplantation followed by a renal transplant 
or whether a renal transplant should precede a stem cell transplant. 
There are advantages and disadvantages to both techniques. If the 
patient receives high-dose chemotherapy in the face of significant 
degrees of renal impairment, the dose must be reduced by 30% 
to account for the renal insufficiency. In this circumstance, the 
reduced dose will likely reduce the response rate. As a consequence, 
these patients may undergo stem cell transplantation, have residual 
disease, and not be ideal candidates for a renal transplant because 
of the high risk of recurrence. If the patient receives a kidney trans-
plant first and then undergoes high-dose chemotherapy at full dose 
and they do not achieve a complete response, one questions the 
wisdom of the decision to allocate a kidney given the risk of recur-
rence. The controversy regarding sequencing of stem cell and renal 
transplant continues and is not yet resolved.

Seven patients were reported with monoclonal immunoglobulin 
deposition disease. Their median age was 50, six were male. A ĸ LC 
was detected by the serum immunoglobulin free LC assay in all. 
The patients received a melphalan 140 mg/m2 auto-transplant. All 
patients were alive with six in haematologic complete response with 
a median follow-up of 23.6 months. Renal function improved com-
pared to the pre-transplant creatinine in five. Two subsequently had 
a renal transplant and became dialysis independent with one stable 
and one worsening leading to resumption of dialysis despite a hae-
matologic complete response. The authors argue in favour of kidney 
transplantation in those patients who achieved haematologic com-
plete response, which fits with our own philosophy (Barraclough 
et  al., 2007). One patient with severe renal dysfunction due to 
LCDD received high-dose melphalan and stem cell transplant that 
extended the period of improved renal function. Four years after 
the initial improvement, the patient developed nephrotic range 
proteinuria; and at that time, a renal biopsy showed complete reso-
lution of LC deposition and development of extensive glomerulo-
sclerosis accounting for the proteinuria. This was the first report 
of biopsy-proven resolution of renal LCDD following autologous 
stem cell transplant (Hassoun et al., 2008). A 55-year-old female 
presented with heavy proteinuria (6.2 g/day). An IgG ĸ monoclo-
nal protein was detected in the serum and urine. The bone marrow 
showed 6% plasma cells. Renal biopsy showed positive staining for 
ĸ LCs in nodular lesions, proximal tubules, and Bowman’s capsules. 
The proteinuria disappeared and renal function stabilized after 
high-dose chemotherapy and stem cell transplantation (Petrakis 
et al., 2010).

Our own experience with stem cell transplant and LCDD mir-
rors the previously reported successes. We have transplanted 
six patients with LCDD. The patients received dexamethasone 
alone, dexamethasone plus thalidomide, or no chemotherapy 
prior to transplant. All received high-dose melphalan. Four were 
male; their median age was 43.5  years, and the median serum 
creatinine was 2.4 mg/dL with a median estimated glomerular 
filtration rate (eGFR) of 26.5 mL/min. One patient died day 
26 post transplant. The median follow-up of the five survivors 
is 31.7 months, all achieved a haematologic response, although 
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two ultimately relapsed and required further chemotherapy. The 
eGFR of one patient declined at the time of relapse and improved 
with subsequent therapy. The eGFR of the second patient was 
stable throughout relapse and treatment. The patient on hae-
modialysis prior to transplant continued to require dialysis but 
subsequently received a renal transplant. The median reduction 
in proteinuria was 92%, and median improvement in eGFR was 
95%. Of four evaluable patients, all achieved criteria for a renal 
response. We believe that stem cell transplant is an effective 
therapy and that those patients who achieve a complete hema-
tologic response become candidates for renal transplantation 
(Matsuzaki et al., 2011).

Renal transplantation
Renal allografting without chemotherapy inevitably results in dis-
ease recurrence in the graft. Patients in whom renal deposition 
of LCs is associated with proliferative glomerulonephritis have a 
worse graft survival than those presenting with cast nephropa-
thy (Lorenz et al., 2008). We have performed renal allografting 
in seven patients with LCDD. Renal insufficiency, hypertension, 
and proteinuria were present in all seven. Proteinuria was > 3.5 
g/day in three. Monoclonal protein was detectable in the urine 
in five. Median age at presentation was 43  years. A  ĸ LC was 
detected in all seven renal biopsies. Five were on dialysis prior to 
transplantation. LCDD recurred after a median of 33 months in 
five of the seven patients. One remains on dialysis; the other four 
have died. Only one patient was recurrence-free 13  years after 
transplant with normal function. Kidney transplantation without 
aggressive chemotherapy to eliminate LC production should not 
be considered.

One patient with λ LCDD has been reported, who received cadav-
eric renal transplant with recurrent disease (Short et  al., 2001). 
Investigations are underway using non-chemotherapy approaches 
for suppressing immunoglobulin free LC production. RNA inter-
ference to inhibit LC synthesis has been investigated in a mouse 
myeloma model. A myeloma cell line producing λ2 immunoglobu-
lin LCs were treated with small iRNAs directed specifically to the V, 
J, or C portions of the molecules. Transfected cells express detecta-
ble quantities of messenger RNA; and after exposure to small inter-
fering RNAs, a 40% reduction in LC production was evidenced at 
48 hours. RNA interference can markedly reduce LC synthesis and 
provide the basis for testing this strategy in in vivo models of LC 
monoclonal immunoglobulin protein deposition disorders.

In summary, chemotherapy is highly effective. Bortezomib, 
reported on a limited basis, appears to be a highly active agent. 
Stem cell transplant appears to have the longest track record in 
the management of this disorder and is recommended for those 
patients either to preserve renal function or for achieving complete 
haematologic response in preparation for renal allografting.
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CHAPTER 155

Other consequences 
from monoclonal 
immunoglobulins/fragments: 
membranoproliferative 
glomerulonephritis and 
acquired Fanconi syndrome
Fernando C. Fervenza, S. Vincent Rajkumar, 
and Sanjeev Sethi

Introduction
Renal damage secondary to deposition of monoclonal immuno-
globulin can occur due to accumulation of either light chains, heavy 
chains, or both (Dhar et al., 1977; Alpers et al., 1985; Rosenstock 
et al., 2003; Touchard et al., 2003). These include myeloma kidney 
(cast nephropathy), light-chain (AL) and heavy-chain (AH) amyloi-
dosis, and light- and heavy-chain deposition disease (Alpers et al., 
1985; Rosenstock et al., 2003; Leung and Rajkumar, 2007). Renal 
damage secondary to deposition of both chains is far less common 
(Sanders, 1993; Rosenstock et al., 2003; Touchard et al., 2003). In the 
great majority of these cases the M-component is immunoglobulin 
(Ig)-G (Kebler et al., 1985; Fakhouri et al., 2002; Nasr et al., 20040), 
but the spectrum of renal lesions associated with monoclonal gam-
mopathy is extensive and depends on the physicochemical proper-
ties of the immunoglobulin produced (Audard et al., 2008). Cases 
of Waldenström macroglobulinaemia causing renal disease due to 
monoclonal deposits are also described, but it is less common than 
in multiple myeloma (MM) and the monoclonal deposits usually 
have a IgM component (Veltman et al., 1997). In this chapter, we 
discuss two important, but less recognized disorders associated with 
monoclonal immunoglobulins: membranoproliferative glomerulo-
nephritis (MPGN) and acquired Fanconi syndrome.

Membranoproliferative glomerulonephritis 
secondary to intact monoclonal 
immunoglobulin deposition
While light-chain deposition disease is a well-known entity, MPGN 
secondary to intact monoclonal immunoglobulin deposition is less 

frequently recognized (Masai et  al., 2009). As described below, 
monoclonal gammopathies may be causally related to a signifi-
cant proportion of idiopathic MPGN in adults, making this an 
important clinical consideration, with implications for therapy and 
prognosis.

Pathology and clinical considerations
We recently analysed renal biopsies of patients diagnosed with 
idiopathic MPGN at the Mayo Clinic over a 6-year period from 
2001 to 2006 (Sethi et  al., 2011). Among the 65 patients with 
hepatitis-negative, lupus-negative MPGN, 28 patients (43.1%) were 
positive for monoclonal/biclonal immunoglobulins. Light micro-
scopic examination of renal biopsies showed an MPGN pattern 
of injury with glomeruli showing an expanded mesangium with 
an increase in matrix material and cellularity (Fig. 155.1A, B). 
Glomerular basement membranes were thickened, and many capil-
lary loops showed subendothelial expansion with cellular elements, 
eosinophilic deposits, and new basement membrane formation 
resulting in double contours. Immunofluorescence (IF) microscopy 
showed granular immune deposits in the mesangium and/or along 
the capillary walls, consisting of IgM kappa = 11, IgG kappa = 4, 
IgG (heavy chain only) = 2, IgG lambda = 1, IgM lambda = 1, and 
IgG/IgM lambda = 1 case (Fig. 155.1C–E). These results correlated 
with immunofixation electrophoresis results (in two cases IgG was 
noted in the mesangium and along capillary walls, but light-chain 
restriction was not documented). In most biopsies, the deposits 
were more prominent along the capillary walls than in the mesan-
gium, while in few others the reverse was true. On electron micros-
copy (EM) examination there was thickening of the capillary walls 
with subendothelial deposits in all cases (Fig. 155.1F). Cellular 
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interposition and new basement membrane formation with double 
contours were also seen. The deposits were granular and substruc-
tures were typically absent. In four biopsies, scattered subepithe-
lial deposits could be identified. The mesangium also contained 
electron dense deposits in 21 of the 28 cases. Podocytes showed 
segmental effacement of the foot processes and many of the capil-
lary loops showed leucocyte infiltration. Tubuloreticular structures 
were absent in the endothelial cells.

Sixteen out of the 28 patients were classified as having a mono-
clonal gammopathy of undetermined significance (MGUS). The 
diagnosis of MGUS requires a serum monoclonal paraprotein band 
of < 30 g/L, a bone marrow biopsy that shows < 10% plasma cells, 
absence of lytic lesions, anaemia, and hypercalcaemia, and absence 
of end-organ damage. It is the most common plasma cell disorder 
recognized and is a potential precursor for MM (Kyle and Rajkumar, 
2006; Kyle et al., 2006). In the remaining patients, MPGN was seen 
in the setting of other conditions associated with a monoclonal 
gammopathy, such as B-cell lymphomas, chronic lymphocytic leu-
kaemia (CLL), and MM. In one case, serum electrophoresis studies 
were negative even though the renal biopsy suggested a MPGN sec-
ondary to monoclonal gammopathy. A few months after the biopsy, 
serum immunofixation results returned positive for a monoclonal 
gammopathy.

Others have also made similar observations. A proliferative glo-
merulonephritis mimicking ordinary immune complex-mediated 
glomerulonephritis associated with monoclonal IgG deposition 
and light-chain restriction has been described (Nasr et al., 2004, 
2009). Nephrotic syndrome, renal insufficiency, and haematuria 
were present in 49%, 68%, and 77% of patients, respectively. Of 
32 patients who were followed for over 2 years, 22% progressed 
to end-stage renal disease (ESRD), 38% had complete or partial 
recovery, and 38% had persistent renal dysfunction (Nasr et  al., 
2009). These studies, however, differ from our observations in that 
the deposits were composed exclusively of monoclonal IgG, and 
thus may represent a subgroup of the type of patients that we have 
described. Bone marrow biopsy was performed in 22 of 37 cases, of 

which only one patient showed MM. Because a monoclonal gam-
mopathy was identified in only 30% of the cases, the authors did 
not associate the lesions with MGUS, lymphoproliferative disease, 
or MM. Recurrence of proliferative glomerulonephritis with mon-
oclonal IgG deposits has been described in transplanted kidneys 
(Nasr et al., 2011). Finally, a few cases of a proliferative GN asso-
ciated with a monoclonal IgA have also been reported (Akatsuka 
et al., 1997; Soares et al., 2006; Kaneko et al., 2010).

In summary, a significant proportion (40–50%) of idiopathic 
MPGN may be related to deposition of monoclonal intact immu-
noglobulins. Although a direct relationship between the presence 
of a monoclonal protein and the development of a MPGN remains 
to be proven, the present observations point in that direction. In 
approximately 60% of monoclonal protein-related MPGN, there 
is an associated asymptomatic MGUS. However, in the remaining 
cases, a more serious underlying lymphoid or plasma cell disorder 
can be detected and in these patients MPGN may often be the first 
sign of the underlying lymphoplasmacytic disorder. We recom-
mend that in the assessment of idiopathic MPGN, renal biopsies 
be analysed with anti-light-chain antibodies to detect a possible 
underlying monoclonal gammopathy. Similarly, all patients with 
idiopathic MPGN should also undergo a full workup for monoclo-
nal gammopathies, which should include serum and urine immu-
nofixation studies. If positive, a bone marrow biopsy should also be 
performed. As it stands, ‘idiopathic’ MPGN appears to be a vanish-
ing disease as a possible underlying aetiology is likely to be found 
in the majority of cases of MPGN.

Treatment
There is no standard treatment for patients with MPGN associated 
with a monoclonal gammopathy. Conservative as well as immu-
nosuppressive therapy with the use of corticosteroids (alone or in 
combination with an alkylating agents), thalidomide, bortezomib 
(Velcade®), mycophenolate mofetil, ciclosporin, and rituximab have 
been used in a small number of patients with variable outcomes 
(Nasr et  al., 2009; Guiard et  al., 2011). Prospective, controlled 

(A) (B) (C)

(D) (E) (F)

Fig. 155.1 Membranoproliferative glomerulonephritis. (A, B) Light microscopy showing proliferative changes with endocapillary proliferation with double contour 
formation (×40). (C, D, E) Immunofluorescence microscopy showing positive staining for (C) IgM and (D) kappa light chains and (E) negative lambda light chains (×40).
(F) Electron microscopy showing thickening of the capillary walls with subendothelial deposits and new basement membrane formation resulting in double contours.
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studies in larger cohorts of patients with MPGN and monoclonal 
gammopathy are needed to ascertain optimal therapy. At the pre-
sent time, treatment decisions will have to be made purely based on 
clinical experience.

In patients with an underlying malignancy such as myeloma, 
lymphoma, or CLL, therapy should be directed to controlling the 
malignancy and the monoclonal protein levels. In patients without 
an underlying malignancy but just MGUS, specific treatment for 
the associated MPGN if needed will differ based on the type of the 
immunoglobulin. In patients with non-IgM monoclonal proteins, 
a regimen of bortezomib plus dexamethasone (Vd) or bortezomib, 
cyclophosphamide, and dexamethasone (VCd) similar to that 
used in myeloma is reasonable since these regimens are well toler-
ated, safe for use in renal failure, with minimal dose adjustments 
needed (Table 155.1). We typically treat patients for approximately 
4 months and then reassess. Some patients may also respond to a 
3–6-month combined course of prednisone and cyclophosphamide 
with disappearance of the monoclonal gammopathy. In patients 
with IgM monoclonal proteins, one cycle of rituximab (four doses 
of 375 mg/m2) with or without corticosteroids is a reasonable 
option for initial therapy.

Acquired Fanconi syndrome
Light-chain proximal tubulopathy with Fanconi syndrome (LCFS) 
is a rare complication of plasma cell dyscrasias (Maldonado et al., 
1975; Herlitz et  al., 2009). The mechanism of injury is thought 
to be related to the toxicity of the intracellular light chain (typi-
cally κ) crystalline deposits in proximal tubule. The propensity for 
light chains in LCFS to form crystals that precipitate within the 
cytoplasm appears to be determined by the light chain physical 
and chemical properties. Amino acid sequencing and mass spec-
trometry of the crystals have shown that almost all of the amino 
acid fragments come from the terminal variable (V)  domain 
(VK1 subgroup) together with a low proportion of the entire 

κ chain (Aucouturier et al., 1993; Rocca et al., 1995; Deret et al., 
1999; Bridoux et al., 2005). In contrast to other monoclonal light 
chains, which are degraded in the lysosomal compartment of 
proximal tubular cells, light chains in patients with LCFS are resist-
ant to proteolysis and have a propensity to self-aggregate and to 
form intracellular crystals (Aucouturier et  al., 1993; Leboulleux 
et al., 1995). The precise mechanism involved in cellular toxicity is 
unknown: neither crystallization nor resistance to proteolysis can 
fully explain the functional abnormalities of the proximal tubular 
cells (Decourt et al., 1999; Messiaen et al., 2000). Regardless, as a 
result of the impairment of proximal tubular functions, patients 
develop a Fanconi syndrome manifested as normoglycaemic gly-
cosuria, aminoaciduria, hyperphosphaturia, hypophosphataemia, 
and proximal (type II) renal tubular acidosis, but incomplete forms 
of Fanconi syndrome (no aminoaciduria) has also been reported 
(Decourt et al., 2003).

Pathology and clinical considerations
Light microscopy typically reveals an acute or chronic tubu-
lointerstitial nephropathy (Herlitz et  al., 2009). Crystals appear 
pale on haematoxylin and eosin and periodic acid–Schiff stains 
(Fig. 155.2A). IF microscopy often shows either bright crystal-
line appearing kappa or lambda light chains within the tubular 
epithelial cells. Pronase-digested material from the paraffin block 
can also be used to detect the light chains in LCFS (Nasr et al., 
2006) (Fig. 155.2B, C). EM shows electron-dense crystalline struc-
tures within the cytoplasm of proximal tubular epithelial cells (Fig. 
155.2D–F). The main differential diagnosis on kidney biopsies 
include acute tubular injury due to other causes, light chain cast 
nephropathy (intratubular casts), inflammatory tubulointerstitial 
nephritis associated with light chains and protein reabsorption 
droplets with monotypic light staining (in the absence of intracel-
lular crystals) (Cornell, 2011). Light-chain deposition disease may 
coexist with LCFS.

Clinical presentation is very heterogeneous and can vary from 
mild renal dysfunction, proteinuria, or osteomalacia (as a result of 
hypophosphataemia) to clinically overt acute renal failure, AL amy-
loidosis, or MM (Maldonado et al., 1975; Rao et al., 1987; Messiaen 
et al., 2000; Decourt et al., 2003; Bridoux et al., 2005; Kapur et al., 
2007). LCFS has also been reported in patients with CLL and small 
lymphocytic lymphoma (Thorner et al., 1983; Rao et al., 1987). In 
adults, Fanconi syndrome is usually a consequence of drug tox-
icity (e.g. heavy metal poisoning) or secondary to urinary excre-
tion of a monoclonal light chain, usually of κ isotype (Lee et al., 
1972). Laboratory tests to rule out a monoclonal gammopathy as a 
cause of LCFS include serum and urine protein electrophoresis and 
immunofixation, serum free light-chain quantification, and bone 
marrow biopsy. In general, patients with LCFS have a slowly pro-
gressive course, but some patients will progress to develop MM or 
AL amyloidosis (Engle and Wallis, 1957; Maldonado et al., 1975; 
Ma et al., 2004). In a series of 32 patients diagnosed with LCFS, 
Ma et al. reported that at presentation most patients had a MGUS 
or smouldering MM, with a median creatinine level of 2.0 mg/dL 
(range 0.9–3.7 mg/dL) (Ma et al., 2004). A renal biopsy was per-
formed in 17 patients, but crystal deposits in proximal tubule cells 
were present in only eight cases. In this heterogeneous group of 
patients, follow-up of 65  months (range 2–238  months) showed 
that five patients developed ESRD, and only one of 14 patients with 
MGUS transformed to MM.

Table 155.1 Chemotherapy dosing

Regimen Usual dosing schedulea

Bortezomib–dexamethasone Bortezomib 1.3 mg/m2 subcutaneously 
days 1, 8, 15, 22

Dexamethasone 40 mg days 1, 8, 15, 22

Repeated every 4 weeks

Bortezomib–cyclophosphamide–  
dexamethasone (VCD)

Cyclophosphamide 300 mg/m2 orally on 
days 1, 8, 15 and 22

Bortezomib 1.3 mg/m2 subcutaneously 
on days 1, 8, 15, 22

Dexamethasone 40 mg orally on days on 
days 1, 8, 15, 22

Repeated every 4 weeks; day 22 dosing 
can be omitted if blood counts are low 
or if patient experiences toxicity

Rituximabb 375 mg/m2 in 0.9% saline infused 
intravenously on days 1, 8, 15, 22

a All doses need to be adjusted for performance status, blood counts, and other toxicities; 
cyclophosphamide requires dose reduction in presence of renal failure.
b Requires premedication, and adherence to infusion requirements per manufacturers 
prescribing guidelines.
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Treatment
The optimal treatment of patients with LCFS remains unknown. In 
the study by Ma et al., all patients with MM or Waldenström mac-
roglobulinaemia, four of six patients with smouldering MM, and 
six of 14 patients with MGUS were treated with chemotherapy (Ma 
et al., 2004). Fourteen patients died (one from ESRD, four from 
alkylator-related leukaemia or myelodysplastic syndrome). These 
observations suggest that chemotherapy offers little benefit on 
renal functions of patients with MGUS or smouldering MM, and it 
should be reserved for patients with evidence of overt malignancy 
or progressive lymphoproliferative disorder (Bridoux et al., 2005; 
Herlitz et al., 2009). The role of newer agents such as bortezomib 
and lenalidomide in the treatment of LCFS is not known.

As discussed earlier under treatment of MPGN, in the absence 
of data, treatment decisions currently are made primarily based 
on clinical opinion and experience. In patients with an under-
lying malignancy such as myeloma, lymphoma, or CLL, ther-
apy should be directed to controlling the malignancy and the 
monoclonal protein levels. In patients without an underlying 
malignancy but just MGUS, a decision must first be made if the 
underlying LCFS is of a severity adequate to justify chemother-
apy. If therapy is felt to be required, a strategy similar to the one 
outlined for MPGN associated with immunoglobulin deposition 
could be considered.
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CHAPTER 156

The patient with sarcoidosis
Ravindra Rajakariar and Muhammad M. Yaqoob

Introduction
Sarcoidosis is a multisystem disorder with non-caseating granuloma 
being the pathological hallmark. It commonly affects the lymph 
nodes (typically bilateral hilar lymphadenopathy), lungs, skin, and 
the musculoskeletal system. It is a chronic relapsing–remitting dis-
order of unknown aetiology. Certain racial groups have a higher 
preponderance with Afro-Caribbean individuals having a 2.4% life-
time risk of developing sarcoidosis (Rybicki et al., 1997). Clinically 
significant renal involvement is uncommon and patients often pre-
sent late in disease involvement.

Classification of renal disease in sarcoidosis
Renal tract involvement from sarcoidosis can be classified as 
follows:
u Impaired calcium homeostasis
u Granulomatous tubulointerstitial nephritis (TIN)
u Glomerular disease
u Obstructive uropathy.

Impaired calcium homeostasis
Disorders in calcium homeostasis leading to acute kidney injury 
(AKI) are the most common renal presentation in patients with sar-
coidosis. Hypercalciuria occurs in > 50% of patients though hyper-
calcaemia is a presentation only in 10% (Sharma, 1996). The latter 
presentation is precipitated by exposure to sunlight. This could 
also occur due to prescription of high-dose cholecalciferol (D3) or 
ergocalciferol (D2) for native vitamin D deficiency. This is due to 
increased 1α-hydroxylase activity in granulomas that convert the 
native 25-hydroxyvitamin D3 to the active 1,25-dihydroxyvitamin 
D3, and therefore increased calcium reabsorption from gut and 
the resorptive effect of calcitriol on the bone (Mason et al., 1984; 
Insogna et al., 1988; Sharma, 1996). Hypercalciuria is often a vis-
ible feature with the presence of tubulointerstitial calcium oxalate 
crystals on native renal biopsies (Fig. 156.1A). This also can lead 
to symptomatic nephrolithiasis (Rizzato et al., 1995), polyuria, and 
chronic renal disease in the absence of granulomatous TIN (see fol-
lowing section).

Granulomatous tubulointerstitial nephritis
This is the second most common manifestation of sarcoidosis in the 
kidney. In itself it is an uncommon presentation but post-mortem 
studies have revealed a greater incidence of granulomatous TIN 
(Longcope and Freiman, 1952). It is commonly associated with 

systemic manifestations (Gobel et  al., 2001), though in a small 
series of five patients (Robson et  al., 2003)  the sarcoid TIN was 
devoid of systemic involvement.

Patients often present with slowly progressive renal impairment 
with an insidious onset. As a consequence, it is detected late in the 
course of the disease process. The degree of renal impairment is 
therefore fairly advanced at the time of presentation. In a series of 
17 patients with biopsy-proven TIN and sarcoidosis, the presenting 
mean Modification of Diet in Renal Disease (MDRD) 4-variable 
estimated glomerular filtration rate (eGFR) was 26.8 mL/min 
(Rajakariar et al., 2006). Proteinuria is usually present though < 1 g 
per 24 hours, typical of an interstitial renal disorder. Unless there is 
a dominant systemic involvement, serum angiotensin-converting 
enzyme levels are not raised. Histological appearances are in keep-
ing with a non-caseating granulomatous TIN with a significant 
lymphocytic infiltrate in the interstitium associated with tubular 
atrophy and scarring (Fig. 156.1A–C). Intracellular calcification 
may be present in the absence of hypercalcaemia. There was no cor-
relation with the degree of interstitial fibrosis and renal impairment 
(Rajakariar et al., 2006).

Glomerular disease
Secondary glomerular disease is an uncommon manifestation in 
sarcoidosis that presents with nephrotic syndrome. The commonest 
glomerular condition is membranous nephropathy. Other possible 
presentations include focal segmental glomerulosclerosis, mini-
mal change disease, and immunoglobulin A  disease (Rajakariar 
et al., 2006).

Obstructive uropathy
This is a rare complication of sarcoidosis and occurs due to 
bilateral ureteric obstruction secondary to retroperitoneal 
lymphadenopathy.

Pathogenesis
Aetiology for sarcoidosis has proven to be elusive. Infectious agents 
including mycobacteria, environmental agents (pesticide-using 
occupations, mould/mildew), occupational sources, and genetic 
susceptibility to the disease have been implicated. The mycobacte-
rial tuberculosis catalase peroxidase (mKatG) has been identified 
as a potential antigen (Chen et al., 2008) and up to 50% of patients 
developed anti-mKatG antibodies compared to control subjects in 
one study (Song et al., 2005). Furthermore, following the World 
Trade Center attacks in 2001, a higher than anticipated incidence 
of pulmonary sarcoidosis was observed amongst New York City 
firefighters. The genetic associations include the butyrophilin-like 
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protein 2 (BTNL2) and nucleotide-binding oligomerization domain 
containing 2 (NOD2) genes.

The key pathological feature is non-caseating granulomas and 
in its centre is a tightly knit group of macrophages, multinucle-
ate giant cells, and epithelioid cells surrounded by lymphocytes 
rich with CD4+ T lymphocytes relative to cytotoxic CD8+ cells. 
In the circulation, however, the CD4+ T cells are reduced com-
pared to CD8+ cells and are associated with a dominant T helper 
(Th)-1 cytokine response including increased tumour necrosis 
factor (TNF) alpha, interleukin 2, and gamma-interferon (IFN). 
These pro-inflammatory cytokines have a tissue-specific role in the 
pathogenesis of sarcoidosis and are responsible for development of 
granulomas and alveolar inflammation. The principal roles of gran-
ulomas are thought to be to confine the aetiological agent and to 
protect surrounding tissue by limiting the inflammatory damage.

Clinical presentation
In both hypercalcaemia and granulomatous TIN, patients present 
with AKI, mild to moderate proteinuria, and a bland urinary sedi-
ment with occasional leucocyturia. Hypercalciuria may be present. 
As mentioned previously, in granulomatous TIN, the onset of renal 
impairment could be more insidious with a stepwise decline in 
renal impairment. A patient may also present with AKI due to ure-
teric obstruction secondary to retroperitoneal lymph node involve-
ment. Rarely, nephrolithiasis may present as renal colic.

Diagnosis
The diagnostic workup depends on the clinical presentation.

The initial investigations are blood for urea and electrolytes, bone 
profile, and C-reactive protein (CRP), urine for microscopy and 
assessment for proteinuria (protein creatinine ratio), together with 
a renal ultrasound scan will be sufficient in most cases. However, to 

diagnose TIN or a glomerular disease, the gold standard is a renal 
biopsy.

A renal biopsy is also indicated in the context of AKI ± hyper-
calcaemia as TIN can coexist with a raised serum calcium. Even 
though sarcoid granulomas produce angiotensin-converting 
enzyme, this is not often raised in TIN. If raised however, it could 
be a useful test to monitor disease activity. The Kveim–Stilbach 
test, which involves the intradermal injection of a homogenate of 
human sarcoid tissue, is not performed anymore due to lack of a 
commercial preparation and absence of validation.

Differential diagnosis
Granulomatous TIN in the context of sarcoidosis can be present in 
the absence of extrarenal manifestations. Often it remains a diagno-
sis of exclusion. The main differential is tuberculosis (TB)-induced 
granulomatous TIN (Chapagain et al., 2011). Sarcoidosis is common 
in certain ethnic groups such as South Asians in whom TB is com-
monly prevalent and often leads to a diagnostic dilemma. A positive 
Mantoux test or a TB gamma-IFN assay, presence of caseation in the 
granulomas, a positive Ziehl–Nielsen staining on biopsy specimens 
(Fig. 156.1D), and/or AFB culture favours the diagnosis of TB TIN. 
If sarcoidosis cannot be distinguished from TB, based on clinical 
presentation, demography, presence or absence of extrarenal involve-
ment, and investigations, then treatment for both is recommended.

TIN with uveitis
This is a distinct condition with a female preponderance where 
patients present with flank pain, leucocyturia, microscopic haema-
turia with AKI, and with acute interstitial nephritis on the biopsy. 
Non-caseating granulomas can also occur. Uveitis is predominantly 
anterior. Both TIN with uveitis and Sjögren syndrome can present 
in a similar fashion and therefore other clinical clues are necessary 
to distinguish it from sarcoidosis.

(A) (B)

(C) (D)

Fig. 156.1 Histological features of renal involvement in sarcoidosis. (A) Calcium oxalate crystals in lumen with features of adjacent granulomatous TIN. (B) Epithelioid 
macrophage rich granuloma (arrow) with associated lymphocytic infiltrate. (C) Marked interstitial scarring typical of chronic sarcoid TIN. (D) Acid-fast bacilli (arrow) 
when tissue stained with Ziehl–Neelsen in a patient with tuberculous TIN, which is otherwise indistinguishable from sarcoidosis.
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Treatment
Corticosteroids, in spite of lack of evidence from high-quality ran-
domized controlled trials, remain the first-line agent if treatment 
of sarcoidosis is indicated. For instance, in pulmonary sarcoidosis, 
corticosteroids are indicated in the event of either symptoms or 
stage 2–4 lung disease. In renal sarcoidosis, corticosteroids are indi-
cated with AKI secondary to hypercalcaemia and biopsy-proven 
granulomatous TIN.

The starting dose is 0.5 mg/kg, doubled if the patient is also com-
menced on an empirical anti-tuberculous regimen that includes 
rifampicin (see ‘Differential diagnosis’). Once disease control is 
achieved prednisolone can be tapered by 2.5 mg per week.

The steroid can be discontinued following a successful taper if 
the patient first presented with:
u AKI secondary to hypercalcaemia
u Granulomatous TIN with no evidence of chronic damage on an 

adequate renal biopsy sample.

However, as mentioned earlier, the majority of patients with granu-
lomatous TIN present with advanced kidney injury with significant 
tubulointerstitial scarring (MDRD 4-variable eGFR < 60 mL/min) 
and therefore should be maintained on low dose of steroids (pred-
nisolone 7.5 or 5 mg) (Rajakariar et al., 2006).

Alternatives to corticosteroids include methotrexate, mycophe-
nolate mofetil (MMF), azathioprine, leflunomide, and anti-TNF 
therapies that include etanercept, infliximab, and adalimumab. The 
evidence base for the above steroid-sparing drugs is primarily from 
patients treated for pulmonary sarcoidosis. Steroid-sparing agents 
offer the advantage of decreased weight gain and hyperglycaemia, 
but with a greater prevalence of gastrointestinal side effects, leuco-
penia, infections, and raised liver transaminases.

Recurrence of sarcoidosis following transplantation
Patients with granulomatous TIN that reach CKD stage 5 will be 
considered for transplantation. As transplant recipients are on 

immunosuppression including MMF (or azathioprine) and pred-
nisolone, recurrent disease is rare. In the event this was to occur, 
third-line agents such as anti-TNF therapies need consideration.
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CHAPTER 157

The patient 
with vasculitis: overview
David Jayne

Introduction
The term vasculitis indicates a histological triad of blood vessel wall 
inflammation, fibrinoid necrosis, and thrombotic occlusion. This 
process can occur in any tissue in the body and results from a vari-
ety of immunologic, infective, or other causes. Vasculitis syndromes 
refer to a group of diseases where vasculitis is the predominant his-
tological feature and should be differentiated from non-vasculitic 
causes of vascular disease. These syndromes may occur as primary, 
presumed autoimmune syndromes, or are secondary to other dis-
ease processes. Patients with vasculitis present to a wide range of 
different medical specialties depending on the organ involvement 
and the varied presentation, complexities of classification, and diag-
nosis have impeded early diagnosis and commencement of therapy.

Vasculitis is the most common cause of rapidly progressive 
glomerulonephritis and is the cause of end-stage renal failure in 
3–4% of all cases. Unlike many other forms of renal disease, vascu-
litis is treatable and renal progression preventable provided there 
is prompt diagnosis and treatment. Thus, suspicion of a vasculi-
tis syndrome is a key step and usually one not performed by the 
nephrologist. The current understanding of the classification of 
vasculitis syndromes is described along with descriptions of clini-
cal presentations, and approaches to diagnosis.

Vasculitis classification
History
Classification has developed from descriptions of individual cases, 
as in Henoch–Schönlein purpura and polyarteritis nodosa in the 
1800s, to small series, Wegener’s granulomatosis in 1936, and 
Churg–Strauss syndrome in 1951 (Churg and Strauss, 1951; Fahey 
et al., 1954). Often based on post-mortem studies, the descriptions 
linked a pattern of clinical features with histological character-
istics. Grouping of vasculitic syndromes according to the size of 
blood vessel involved was proposed by Pearl Zeek in 1948 and a 
data-driven attempt to develop classification criteria reported in 
1990 by the American College of Rheumatology (ACR) (Zeek et al., 
1948; Hunder et al., 1990). This system did not include antineu-
trophil cytoplasmic antibodies (ANCAs), discovered in the early 
1980s, and was limited by differences in terminology and the exclu-
sion of microscopic polyangiitis (MPA). In 1993, the International 
Chapel Hill Consensus Conference (CHCC) agreed a set of defi-
nitions for the major subgroups of primary systemic vasculitis 
(Jennette et al., 1994). This recognized that the renal histology of 

Wegener’s granulomatosis and MPA was similar and featured few 
or no immune deposits, ‘pauci-immune’, and that a renal-limited 
form of pauci-immune vasculitis existed. Previously, nephrologists 
had recognized MPA when a pauci-immune necrotizing glomeru-
lonephritis was associated with extrarenal vasculitis, but had used 
the term ‘idiopathic rapidly progressive, or crescentic, glomerulo-
nephritis’ to describe renal-limited presentations.

An update of the 1993 CHCC definitions was published in 2012 
that also replaced some of the eponyms with descriptive terms 
(Fig. 157.1, Table 157.1) (Jennette et al., 2013). An initial distinc-
tion was made between primary, no identifiable cause, and second-
ary vasculitis; the small vessel group was subdivided into those 
syndromes associated with ANCA and those with immune com-
plex deposition on tissue biopsy, and a new category, single-organ 
vasculitis, was included.

Classification and diagnostic criteria
Although there are no agreed diagnostic criteria for vasculitis syn-
dromes, adaptation of the CHCC definitions or ACR classification cri-
teria have been employed successfully in clinical trials (Table 157.2) 
(Jayne et  al., 2003; Wegener's Granulomatosis Etanercept Trial 
Research Group, 2005). Studies by the European Vasculitis Study 
Group in ANCA-associated vasculitis have required a compatible 
clinical presentation with either a positive ANCA or confirmatory 
tissue biopsy, and the exclusion of other causes for the presentation 
(Table 157.2). The presence of proteinase 3 (PR3)-ANCA has been 
added as a fifth item to the ACR classification criteria for Wegener’s 
granulomatosis with polyangiitis (Wegener’s) (GPA) in North 
American studies. Long-term follow-up has indicated a high speci-
ficity for these criteria but the sensitivity is not known. Classification 
criteria for paediatric vasculitis have been developed from expert 
opinion and a data-driven study (Ozen et al., 2009).

The major overlaps in clinical phenotype and histology between 
ANCA vasculitis syndromes complicate classification of individual 
patients. Granulomatous inflammation is required for GPA but 
is often hard to demonstrate on biopsy, and although eosinophil 
infiltration is a defining feature of eosinophilic GPA (EGPA), it can 
also be found in GPA biopsies. Differences in genetic susceptibility 
between PR3-ANCA and myeloperoxidase (MPO)-ANCA vascu-
litis patients, and the stronger associations of baseline phenotype 
and outcomes with serology (PR3 or MPO-ANCA) than pheno-
type (GPA or MPA) is driving re-assessment of the current clas-
sification of ANCA vasculitis (Lyons et al., 2012).
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Medium vessel vasculitis
Polyarteritis nodosa

Kawasaki disease

Small vessel vasculitis
   ANCA-associated vasculitis
       Microscopic polyangiitis
       Granulomatosis with polyangiitis
       Eosinophilic granulomatosis with polyangiitis
Immune complex SVV
     Anti-GBM disease
    Cryoglobulinemic vasculitis
    IgA vasculitis (Henoch–Schönlein)
    Hypocomplementemic urticarial vasculitis
       (anti-C1q vasculitis)

Large vessel vasculitis
Takayasu arteritis
Giant cell arteritis

Fig. 157.1 Terminology of the major primary vasculitis syndromes classified according to the predominant size of blood vessel involved (Chapel Hill Consensus 
Conference, 2012).
From Jennette et al. (2013).

Table 157.1 Definitions of the major primary vasculitis syndrome classified according to the predominant size of blood vessel involved

CHCC 2012 names CHCC 2012 definitions

Large vessel vasculitis (LVV) Vasculitis affecting large arteries more often than other vasculitides. Large arteries are the aorta and its major branches. Any size 
artery may be affected

Takayasu arteritis (TAK) Arteritis, often granulomatous, predominantly affecting the aorta and/or its major branches. Onset usually in patients < 50 years old

Giant cell arteritis (GCA) Arteritis, often granulomatous, usually affecting the aorta and/or its major branches, with a predilection for the branches of the 
carotid and vertebral arteries. Often involves the temporal artery. Onset usually in patients > 50 years old and often associated with 
polymyalgia rheumatica

Medium vessel vasculitis 
(MVV)

Vasculitis predominantly affecting medium arteries defined as the main visceral arteries and their branches. Any size artery may be 
affected. Inflammatory aneurysms and stenoses are common

Polyarteritis nodosa Necrotizing arteritis of medium or small arteries without glomerulonephritis or vasculitis in arterioles, capillaries, or venules; and not 
associated with ANCA

Kawasaki disease Arteritis associated with the mucocutaneous lymph node syndrome and predominantly affecting medium and small arteries. 
Coronary arteries are often involved. Aorta and large arteries may be involved. Usually occurs in infants and young children

Small vessel vasculitis (SVV) Vasculitis predominantly affecting small vessels, defined as small intraparenchymal arteries, arterioles, capillaries and venules. Medium 
arteries and veins may be affected

ANCA-associated vasculitis 
(AAV)

Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small vessels (i.e. capillaries, venules, arterioles and 
small arteries), associated with MPO-ANCA or PR3-ANCA. Not all patients have ANCA. Add a prefix indicating ANCA reactivity 
(e.g. PR3-ANCA, MPO-ANCA, ANCA-negative)

Microscopic polyangiitis 
(MPA)

Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small vessels (i.e. capillaries, venules, or arterioles). 
Necrotizing arteritis involving small and medium arteries may be present. Necrotizing glomerulonephritis is very common. 
Pulmonary capillaritis often occurs. Granulomatous inflammation is absent

Granulomatosis with 
polyangiitis (Wegener’s) 
(GPA)

Necrotizing granulomatous inflammation usually involving the upper and lower respiratory tract, and necrotizing vasculitis affecting 
predominantly small to vessels (e.g. capillaries, venules, arterioles, arteries and veins). Necrotizing glomerulonephritis is common

Eosinophilic granulomatosis 
with polyangiitis 
(Churg–Strauss) (EGPA)

Eosinophil-rich and necrotizing granulomatous inflammation often involving the respiratory tract, and necrotizing vasculitis 
predominantly affecting small to medium vessels, and associated with asthma and eosinophilia. ANCA is more frequent when 
glomerulonephritis is present

(Continued)
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Attempts have been made to find subgroups within EGPA based 
on organ involvement and the presence of ANCA. Although there 
are trends for nephritis and neuropathy to be associated with a 
positive ANCA and for cardiac and gastroenterological disease to 
be associated with a negative ANCA and higher eosinophil count, 
the distinctions are not strong enough for a clinically useful system 
(Sable-Fourtassou et al., 2005; Sinico et al., 2005).

Epidemiology
ANCA-associated vasculitis
Population-based studies have indicated a prevalence of 250 
per million, higher than that estimated by clinic-based surveys 
(50–10 per million) (Mohammad et  al., 2007). With improved 
case ascertainment and survival this figure is likely to increase. 

The incidence has been stable in a UK cohort over 25  years of 
observation at 19 per million per year. Of these, 70% have renal 
involvement and 30–50% acute kidney injury at presentation. 
The incidence figure is the same in Japan but the pattern of syn-
drome differs (Table 157.3) (Fujimoto et al., 2011). The frequency 
is lower in black and Asian populations in Europe (Mahr et al., 
2004). A latitudinal gradient exists in both northern and southern 
hemispheres with GPA and EGPA being more frequent in colder, 
temperate climates and MPA more frequent in warmer climates 
(Gatenby et al., 2009).

The first genome-wide association study in GPA/MPA found 
genetic associations with GPA or PR3-ANCA but not MPA or 
MPA-ANCA, indicating that the aetiology of these syndromes 
was fundamentally different (Lyons et al., 2012). Associations were 
found with major histocompatibility complex  (MHC) class  II, 
SERPINA1 (alpha-1 anti-trypsin) and PRTN3 (proteinase 3). 
Previously reported candidate gene associations with PTPN22 
and CTLA4 were not seen but this may reflect insensitivity of the 
genomic study (Martorana et al., 2012). Candidate gene associa-
tions of MHC and interleukin-10 (IL-10) with MPA and EGPA 
await confirmation.

The peak age of onset for GPA is 50–70 years but it can present 
in childhood; there is a female sex bias in younger patients. MPA 
has an older age distribution, peak age 60–80 years. The frequent 
respiratory tract involvement in GPA has indicated a causal role 
for environmental agents and Wegener himself suspected tuber-
culosis without direct bacteriological evidence. Nasal colonization 

Table 157.3 Incidence (cases per million population per year) 
of ANCA vasculitis and GPA (Wegener’s), MPA, and EGPA 
(Churg–Strauss) in Europe and Japan

Total AAV GPA (Wegener’s) MPA EGPA (Churg–Strauss)

Europe 21.8 14.3 6.5 0.9

Japan 22.6 2.1 18.2 2.4

Fujimoto et al., (2011).

Table 157.2 Eligibility criteria for clinical trials of ANCA-associated 
vasculitis

European Vasculitis 
Study Group (all three required)

Amended American College of 
Rheumatology 1990 criteria for GPA 
(Wegener’s) (at least two required)

1.  Compatible clinical 
presentation for GPA, MPA, or 
renal-limited vasculitis

1.  Nasal or oral inflammation (oral 
ulceration or purulent or bloody nasal 
discharge)

2.  ANCA positive (C-ANCA or 
PR3-ANCA or MPO-ANCA) 
and/or biopsy confirmation of 
vasculitis

2.  Abnormal chest radiograph (nodules, 
fixed infiltrates, or cavities)

3.  Exclusion of other causes for 
the presentation

3.  Microscopic haematuria (> 5 red cells 
per high powered field) or red cell casts

4.  Granulomatous inflammation on 
biopsy (within the arterial wall or in the 
perivascular or extravascular area)

5. Positive PR3-ANCA

Jayne et al., 2003; Wegener's Granulomatosis Etanercept Trial Research Group, 2005

CHCC 2012 names CHCC 2012 definitions

Immune complex

vasculitis

Vasculitis with moderate to marked vessel wall deposits of immunoglobulin and/or complement components predominantly 
affecting small vessels (i.e. capillaries, venules, arterioles and small arteries). Glomerulonephritis is frequent

Anti-GBM disease Vasculitis affecting glomerular capillaries, pulmonary capillaries, or both, with basement membrane deposition of anti-basement 
membrane autoantibodies. Lung involvement causes pulmonary haemorrhage, and renal involvement causes glomerulonephritis 
with necrosis and crescents

Cryoglobulinaemic vasculitis Vasculitis with cryoglobulin immune deposits affecting small vessels (predominantly capillaries, venules, or arterioles) and associated 
with cryoglobulins in serum. Skin, glomeruli, and peripheral nerves are often involved

IgA vasculitis 
(Henoch–Schönlein)

Vasculitis, with IgA1-dominant immune deposits, affecting small vessels (predominantly capillaries, venules, or arterioles). Often 
involves skin and gut, and frequently causes arthritis. Glomerulonephritis indistinguishable from IgA nephropathy may occur

Hypocomplementaemic

Urticarial vasculitis (HUV) 
(anti-C1q vasculitis)

Vasculitis accompanied by urticaria and hypocomplementaemia affecting small vessels (i.e. capillaries, venules, or arterioles), and 
associated with anti-C1q antibodies. Glomerulonephritis, arthritis, obstructive pulmonary disease, and ocular inflammation are 
common

CHCC 2012 = Chapel Hill Consensus Conference, 2012.

From Jennette et al. (2013).

Table 157.1 Continued
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with Staphylococcus aureus has been associated with disease flares 
and ANCA production but it is unclear whether this is specific 
to this organism, and other infections also contribute to persist-
ing or relapsing disease (Tadema et al., 2011). Molecular mim-
icry between microbial antigens and ANCA has been suggested 
by identification of anti-leucocyte associated membrane protein 2 
(LAMP2) antibodies in vasculitis patients (Kain et al., 2012).

Occupational exposure to silica has a dose-dependent relationship 
with MPO-ANCA and MPA, and drugs, such as hydralazine and 
penicillamine, can induce an ANCA-associated vasculitis (AAV) 
often with several autoantibody reactivities (Hogan et  al., 2007). 
Cocaine and amphetamines can cause a non-inflammatory vascu-
lopathy but cocaine has also been associated with an upper respira-
tory tract disease similar to GPA in which anti-elastase antibodies 
are found. Recently, contamination of cocaine with levamisole has 
been linked with a systemic AAV with nephritis (Graf, 2013).

Immunoglobulin A vasculitis (Henoch–Schönlein 
purpura)
Immunoglobulin A  (IgA) vasculitis is the most common vascu-
litis found in children with an incidence of 150–200 per million 
children per year, and is more frequent in Asian and less frequent 
in black children (Gardner-Medwin et al., 2002). The incidence in 
adults is 3–14 per million per year (Watts et al., 1998). Candidate 
gene studies have indicated potential associations of aetiology or 
severity with polymorphisms in complement genes, CTLA4, and 
angiotensin-converting enzyme (Yoshioka et al., 1998). Upper res-
piratory tract infection with bacteria and viruses are triggers of IgA 
vasculitis. Adults with IgA vasculitis have a fivefold relative risk for 
a concurrent diagnosis of malignancy compared with the general 
population (Pankhurst et al., 2004).

Cryoglobulinaemic vasculitis
Renal involvement is frequent in ‘mixed’ type II cryoglobulinae-
mia. This arises most commonly in the context of hepatitis C virus 
infection and an immune susceptibility associated with human leu-
cocyte antigen DR11 has been suggested (Cacoub et al., 2001). Type 
II cryoglobulinaemia may be associated with other infections, such 
as parvovirus, with Sjögren syndrome, or with non-Hodgkin lym-
phoma (Matignon et al., 2009).

Presenting features
The early diagnosis of a vasculitic syndrome reduces the risk of 
end-stage renal failure and death. Diagnostic delays have been 
improving, but this remains a most important aspect of man-
agement over which the nephrologist has relatively little control 
(Takala et al., 2008). Patients with extrarenal disease present earlier 
with associated symptoms and, especially for those with ear, nose, 
and throat (ENT) disease, this translates into improved outcomes 
(de Lind van Wijngaarden et al., 2006). Those with renal-limited 
disease are at risk of late presentation with a high creatinine and 
symptoms of acute kidney injury.

Prodrome
ANCA-associated vasculitis
The majority of patients have a history of prodromal symptoms that 
precedes their diagnosis by an average of 6 months. These include 

polymyalgia, polyarthralgia, headache, malaise, fevers, night 
sweats, flitting arthritis, and weight loss. This is associated with 
elevated C-reactive protein and erythrocyte sedimentation rate, 
as well as urinary abnormalities. It is important that patients with 
such non-specific symptomatology are further investigated and the 
possibility of an autoimmune aetiology considered.

IgA vasculitis
Typically an upper respiratory tract infection precedes the emer-
gence of a purpuric rash starting in the legs then spreading to 
the buttocks and trunk. Forty-eight per cent develop evidence of 
nephritis, 2–4 weeks after the development of a purpuric rash. 
Nephritis occurs in 48% and is more frequent with older age of 
onset (> 8 years), abdominal symptoms, and recurrent disease. It 
can present as isolated or combined haematuria or proteinuria, 
nephrotic syndrome, or rapidly progressive glomerulonephritis 
(Jauhola et al., 2010).

Features of renal disease
The frequency of glomerulonephritis in AAV syndromes is 70% 
in GPA, 90% in MPA, and 15% in EGPA (Sable-Fourtassou et al., 
2005; Corral-Gudino et  al., 2011). Urinary abnormalities are 
almost universal in small vessel vasculitis where the focus of renal 
injury is the glomerulus. They are characterized by microscopic 
or macroscopic haematuria, which can appear as brown smoky 
urine, with proteinuria. In ANCA vasculitis, nephrotic range pro-
teinuria is rare as a presenting feature but this is more common 
in immune complex vasculitis. The presence of red cell casts in 
a freshly voided specimen is strongly indicative of a crescentic 
glomerulonephritis. Infection and other causes of lower urinary 
tract bleeding should be excluded. As the renal disease advances 
then fluid retention, hypertension, an elevated serum creatinine, 
and ultimately uraemic symptoms will appear. Renal imaging is 
either normal or demonstrates enhanced cortico-medullary dif-
ferentiation, with normal arterial and venous blood flows. Rare 
renal features of ANCA vasculitis include renal rupture with pain 
and retro-peritoneal haemorrhage, and ureteric vasculitis with 
hydronephrosis in EGPA. Other causes or haematuria in vasculitis 
patients include prostatic vasculitis in GPA and cystitis associated 
with cyclophosphamide.

Polyarteritis nodosa is now a rare diagnosis because current clas-
sification moves patients with both medium and small vessel vas-
culitis into the MPA category. Renal involvement in polyarteritis 
nodosa is manifested by hypertension, wedge-shaped renal infarc-
tion on renal imaging, and only minor or no urinary abnormalities. 
Renal angiography may demonstrate aneurysm formation but the 
lack of angiographic abnormalities does not exclude the diagnosis 
(Fig. 157.2).

Renal artery disease is seen in 25% of patients with large vessel 
vasculitis and is usually asymptomatic with no urinary features and 
is often detected when investigating a patient with hypertension or 
with vascular disease in other territories (Grayson et al., 2012). It 
may be unilateral or bilateral and the pattern of renal artery stenosis 
differs from atheromatous disease with long, smooth, thick-walled 
stenoses commencing at the origin of the vessel from the aorta. The 
associated kidney may be small with reduced function on isotope 
imaging. Renal artery stenosis is also seen in the antiphospholipid 
syndrome.
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Features of extrarenal disease
ANCA-associated vasculitis
GPA is characterized by granulomatous inflammation of the res-
piratory tract that presents as sinusitis, nasal crusting and epistaxis, 
collapse of the nasal bridge, deafness, trachea-bronchial stenoses, 
and cavitating lung disease. Less common granulomatous features 
are retro-orbital granuloma, perforating scleritis, pachymeningitis, 
and pituitary disease. Vasculitic features of rash, mononeuritis mul-
tiplex, alveolar infiltrates with or without cough or haemoptysis, 
episcleritis and scleritis, and gastrointestinal vasculitis are seen in 
both GPA and MPA. Cardiac disease is seen in 10% of GPA patients 
typically involving the aortic valve, but > 50% of EGPA patients 
have evidence of myocarditis.

The pulmonary-renal syndrome refers to the co-occurrence of 
diffuse alveolar haemorrhage and rapidly progressive glomerulo-
nephritis. ANCA vasculitis is the most frequent cause, either in 
the setting of GPA or MPA, and less common causes are antiglo-
merular basement membrane (anti-GBM) disease, systemic lupus 
erythematosus (SLE), IgA vasculitis, or cryoglobulinaemic vascu-
litis (Hruskova et al., 2013). Severe alveolar haemorrhage without 
nephritis is very uncommon in AAV. Early recognition of this pres-
entation is of particular importance because alveolar haemorrhage 
causing respiratory failure is the major vasculitic cause of early 
death (Flossmann et al., 2011).

Although the vasculitis manifestations seen in GPA/MPA also 
occur in EGPA, the latter is distinguished by asthma, naso-sinus 

disease with non-haemorrhagic rhinitis and nasal polyps, eosino-
philic cardiomyopathy, and gastrointestinal disease.

Approaches to diagnosis
Suspicion of vasculitis
Because the presenting features of vasculitis are so variable and 
often non-specific if vasculitis is not suspected, diagnosis will be 
delayed. A vasculitic syndrome should be suspected in patients pre-
senting with constitutional disturbance, which is unexplained and 
persistent, when there is focal extrarenal disease which could be 
part of a vasculitis syndrome, when there are unexplained renal fea-
tures of disease, or in the setting of another disease process where a 
secondary vasculitis is common (Fig. 157.3).

Investigation for suspected vasculitis
Further investigation of a patient with suspected vasculitis aims 
firstly, to identify a pattern of presenting features that makes a vas-
culitis diagnosis possible by integrating the clinical features with 
serology, histology, and radiology. Secondly, to define the extent 
and severity of the disease, with respect to organ distribution and 
function; and thirdly to identify either secondary causes of the 
vasculitis syndrome or other diseases that might mimic a vascu-
litis presentation (Fig. 157.3). The Birmingham Vasculitis Activity 
Score is a 63-item tool divided into nine organ sections. Although 
developed for clinical trials it can serve as a checklist for the inves-
tigation of a patient with suspected vasculitis.

ANCA testing should include both indirect immunofluorescence 
(IIF) and solid phase assays for PR3 and MPO-ANCA. There is no 
standardization of ANCA assays and there is large variance in per-
formance (Holle et al., 2012). IIF is usually more sensitive, but less 
specific, than antigen-specific assays. A positive antinuclear anti-
body (ANA) can produce a false-positive perinuclear (P)-ANCA 
pattern. In a patient with suspected nephritis, positivity for cyto-
plasmic (C)-ANCA and PR3-ANCA or P-ANCA and MPO-ANCA 
has a 95% positive predictive value for a biopsy demonstrating 
renal vasculitis. ANCA is negative in 10–15% of biopsy-proven, 
pauci-immune glomerulonephritis so a negative ANCA does not 
exclude the diagnosis. Complement levels are normal in AAV 
and low levels in conjunction with a positive rheumatoid factor 
and monoclonal band on serum protein electrophoresis suggests 
cryoglobulinaemia.

For small vessel vasculitis syndromes, the investigation pathway 
should include tissue biopsy with immunohistology, where possible, 
because this increases diagnostic certainty and subgroup classifica-
tion, and renal histology has prognostic significance (Table 157.1) 
(Berden et al., 2010). Limited non-renal presentations of AAV may 
be ANCA negative and respiratory tract histology has a relatively 
low diagnostic yield. Specialist ENT and respiratory opinion com-
bined with response to therapy and a period of observation will 
increase or reduce confidence in the diagnosis. Polyarteritis nodosa 
without vital organ involvement is also problematic because spe-
cific serological markers are absent and aneurysms may not be pre-
sent in early or non-severe cases. The cutaneous appearance with 
arteritis on a deep skin biopsy or muscle biopsy may confirm the 
diagnosis. Histology is available in a minority of patients with large 
vessel vasculitis with renal artery involvement if there is a classic 
giant cell arteritis presentation and temporal artery biopsy or surgi-
cal reconstruction, such as aortic root replacement. In the majority, 

Fig. 157.2 Polyarteritis nodosa. Skin appearance and renal aneurysm.
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diagnosis relies on the angiographic pattern of stenosis or aneu-
rysms with vascular inflammation, supported by presenting fea-
tures, elevated inflammatory marker and a positive FDG-positron 
emission tomography scan.

Diagnosis of vasculitis
There are no established diagnostic criteria to differentiate vas-
culitis from other diseases. Once vasculitis is thought probable, 
allocation to a vasculitic syndrome has been standardized in small 
and medium vessel vasculitides by an algorithm developed for the 
European Medical Evaluation Agency (Fig. 157.4) (Watts et  al., 
2007). The1990 ACR classification criteria with subsequent modi-
fications function reasonably well for large vessel vasculitis (Basu 
et al., 2010).

Secondary causes of vasculitis
Chronic infections with hepatitis C can cause a direct arteritis or 
through dysregulated B-cell activity, a cryoglobulinaemic vasculi-
tis. Hepatitis B has been associated with polyarteritis nodosa but 
this has become very rare in the Western world. Human immuno-
deficiency virus causes inflammatory syndromes including vascu-
litis (Patel et al., 2011). Chronic bacterial infection, especially in 
the setting of immunodeficiency, cystic fibrosis, bronchiectasis, and 
infective endocarditis, increases the risk of both an immune com-
plex vasculitis and an MPO-ANCA-positive MPA. Tuberculosis is 
an important mimic of vasculitis but ANCA vasculitis may coexist 
with active or latent tuberculosis (Gregersen et al., 2013).

Malignancy is present at the time of diagnosis of 1–4% of patients 
with ANCA vasculitis and can also be associated with subsequent 
disease flare. Propyl thiouracil is the most common drug cause of 
ANCA vasculitis, usually MPO-ANCA positive; other drugs linked 
to AAV include cocaine, penicillamine, hydralazine, and macrolide 
antibiotics (Graf, 2013).

Mimics of vasculitis
Other disorders with multisystem features that can mimic vascu-
litis syndromes include atheroembolic disease, antiphospholipid 
syndrome, and multiple myeloma. The differential diagnosis of 
the pulmonary renal syndrome also includes atypical pneumonia, 
Hantavirus infection, and left ventricular failure (see Chapter 72).

Overlap presentations
Rheumatoid vasculitis has become a less common association of 
rheumatoid arthritis but MPO-ANCA-positive MPA is recog-
nized to occur in long-standing rheumatoid arthritis patients. 
ANCA positivity, usually MPO-ANCA, occurs in SLE and can be 
associated with a pauci-immune renal histology suggesting a true 
dual pathology; its significance in most SLE patients is uncertain. 
One-third of patients with anti-GBM disease have concurrent 
ANCA at the time of diagnosis and these patients have a vasculi-
tis as well as an anti-GBM phenotype (Levy et al., 2004). Systemic 
vasculitis is associated with a hypercoagulative state and thrombo-
sis, but rare patients have a dual presentation with a transferable 
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Fig. 157.3 An approach to diagnosis in a patient with suspected vasculitis.
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anticoagulant, the antiphospholipid syndrome, and are at risk of 
devastating gangrene and tissue necrosis due to multiple arterial 
thromboses.

Special considerations in children 
and the elderly
IgA vasculitis is the most common vasculitis in children and 
can occur in the first year of life. ANCA vasculitis is very rare in 
young children and the phenotype in older children or adolescents 
is similar to that seen in adults although PR3-ANCA is the pre-
dominant serotype. Kawasaki disease is a vasculitis of infants and 
children generally < 4 years of age that can involve large blood ves-
sels. Autoinflammatory syndromes are an important differential 
diagnosis in children and may overlap because there is increased 
frequency of vasculitis in carriers of the Mediterranean fever gene 
(MEFV) (Ozen, 2009).

MPO-ANCA positive MPA predominates in the elderly and 
renal vasculitis is both more frequent and more severe in older 
patients. Subacute presentations may be seen with slowly progres-
sive kidney injury; others have no focal organ manifestations and 

present with a ‘failure to thrive’. Diagnostic delay is more common 
in the elderly, which is particularly problematic due to the severity 
of their nephritis and intolerance of vasculitis therapies.
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CHAPTER 158

The patient 
with vasculitis: pathogenesis
Peter Heeringa and Coen A. Stegeman

Introduction
Vasculitis is a clinicopathological process defined by inflammation 
and damage to blood vessels. Inflammatory cell infiltration in some 
or all tissue layers of blood vessels cause swelling, necrosis, and dis-
ruption of vessel wall structures such as the internal elastic lamina 
and endothelium, compromising antithrombotic activity, vessel 
patency, and integrity. In addition, the inflammatory response can 
lead to remodelling and proliferation of vascular structures caus-
ing fibrosis and thickening of media and intima compromising the 
vessel lumen. Vessel wall inflammation may even extend into the 
tissues adjacent to the vessels causing perivascular or angiocentric 
inflammation. The inflammatory changes and loss of vascular func-
tions lead to diverse sequelae such as aneurysmatic vessel dilatation, 
tissue ischaemia, and organ dysfunction, necrosis, and bleeding.

The clinical syndromes caused by vasculitic diseases are het-
erogeneous, as most forms are not—or only partially—restricted 
to single organs, certain vessel types, or sizes. Therefore, vasculitis 
usually is a systemic, multi-organ disease, although its presentation 
may be dominated by a single or limited number of clinical organ 
manifestations. In clinical practice, the most common forms of vas-
culitis affect the smaller blood vessels, primarily arterioles, capillar-
ies, and postcapillary venules. Given the extensive presence of small 
vascular structures in the kidney, it is not surprising that renal 
involvement is a frequent finding in systemic vasculitic syndromes.

In the approach to the patient with suspected vasculitis it is 
important to realize that vasculitis may be the primary manifesta-
tion of a disease, or, alternatively, may be a secondary manifestation 
of another underlying disease. The distinction between primary and 
secondary forms of vasculitis is important as their pathophysiology 
may be completely different, which has prognostic and therapeu-
tic consequences. From a pathophysiological point of view many 
of the secondary forms of vasculitis are associated with immune 
complex formation and deposition, or direct infiltration of the vas-
cular tissue by infectious agents. For most of the primary vasculitic 
syndromes the pathogenesis is less clear. Classification of human 
vasculitic syndromes partly reflects this distinction, but syndromes 
are mainly categorized by the vessel size primarily involved, and 
the histopathological characteristics of the lesions (Table 158.1) 
(Jennette et al., 1994; Jennette and Falk, 1997). This chapter will 
discuss the pathogenesis of human vasculitis with respect to gen-
eral pathogenic patterns and more disease-specific pathogenic 
pathways related to primary and secondary syndromes.

Immunopathological aspects  
of vasculitic inflammation
The pathogenesis of vasculitis is complex, and involves different 
mechanisms that may operate simultaneously or sequentially. It 
was long thought that antigen–antibody complex formation at the 
site of the vessel wall was the primary pathological process in all 
forms of vasculitis. The clinical association of infections or drugs 
with the development of vasculitis, in which immune depositions 
in the lesions could be demonstrated, substantiated this concept. 
From earlier work on experimental serum sickness and other mod-
els, Fauci proposed a multiple-step hypothesis for the development 
of necrotizing vasculitis in which antigen exposure and subsequent 
antibody formation would lead to circulating antigen–antibody 
complexes which, under specific circumstances, would be depos-
ited in blood vessel walls causing complement activation, recruit-
ment and activation of leucocytes, and vessel wall damage and 
necrosis (Fauci et al., 1978). Although operative in many secondary 
forms of vasculitis, the uniformity of the concept is challenged by 
the absence of demonstrable immune complexes in early lesions of 
most forms of vasculitis. In addition, in certain vasculitides the ves-
sel wall is infiltrated by activated T lymphocytes and macrophages 
in the absence of both neutrophils and immune deposits.

Immune complex-mediated vasculitis
The role of immune complexes in the pathogenesis 
of vasculitis
The role of antigen–antibody complex formation in the develop-
ment of vasculitis has been demonstrated in animal models of 
serum sickness and the Arthus reaction (Dixon et al., 1958). In the 
acute serum sickness model in rabbits, following a single intrave-
nous dose of heterologous serum albumin, necrotizing arteritis, 
glomerulonephritis, and arthritis develop after 10–14  days. The 
lesions develop at the moment when complexes of serum albumin, 
antibody, and complement can be demonstrated in the circulation 
and in the vessel wall of arteries and glomeruli. As heterologous 
antigen cannot be demonstrated in the vessel wall prior to the for-
mation of circulating and deposited immune complexes, in situ 
complex formation is not involved (Dixon et al., 1958). Chronic 
serum sickness with daily administration of heterologous protein 
results in a variety of sequelae, ranging from absence or resolu-
tion of the vasculitic process due to tolerance or rapid clearance 

 

  

 

 

 



SECTION 6 the patient with another primary diagnosis1316

of the antigen, to chronic immune complex glomerulonephritis 
and leucocytoclastic small vessel vasculitis (Brentjens et al., 1975; 
Christian and Sergent, 1976). A  likely explanation for the differ-
ences observed between acute and chronic serum sickness and the 
inconsistent features of vasculitis in animal and human immune 
complex disease is that physical and immunological characteris-
tics of complexes vary greatly. These differences in characteristics 
are caused by quantitative and qualitative differences both in the 
immune response and the antigen load, leading to different com-
position and size of the antigen–antibody complexes, depending on 
the relative amounts of antigen and antibody present. In addition, 
non-specific binding characteristics and size of the antigen, affin-
ity and isotype of the antibody, and binding of complement deter-
mine the fate of these complexes (Cochrane and Hawkins, 1968; 
Fauci et al., 1978). Antibodies present in immune complexes are 
frequently of the immunoglobulin (Ig)-G isotype, but IgM and IgA 
have also been demonstrated in circulating and deposited immune 
complexes. The mere presence of circulating immune complexes 
is, however, not sufficient to produce vasculitis (Fig. 158.1). 
Experimental data have shown that vasoactive amines increasing 

vascular permeability derived from platelets, mast cells, and baso-
phils are necessary for tissue deposition of immune complexes and 
that treatment with antihistamines prevents or attenuates vasculi-
tis (Henson and Cochrane, 1971; McCluskey and Fienberg, 1983). 
The fact that deposited immune complexes and vascular lesions are 
preferentially found at vessel branching sites, heart valves, sites of 
tissue trauma, and dependent body areas, point to the necessity of 
certain microcirculatory circumstances for deposition and inflam-
mation to occur (Ball and Bridges, 2002). In addition to low flow 
velocities, capillaries and postcapillary venules can express recep-
tors for the fragment crystallizable (Fc) region of immunoglobulins 
and for complement C3b facilitating binding of complexes (Claudy, 
1998) (Fig. 158.1). This explains, in part, the predilection for these 
vessels in immune complex-mediated vasculitis.

Inflammatory reactions following immune complex deposition
The deposition of immune complexes in vessel walls triggers a cas-
cade of inflammatory processes (Jancar and Sanchez Crespo, 2005). 
Initially, the inflammatory reaction is driven by antibody-dependent 
complement activation which will lead to formation of chemotactic 
factors C3a and C5a causing recruitment, infiltration, and activa-
tion of leucocytes (Fig. 158.1). The acute phase is characterized by 
necrosis of endothelium and disruption of the basement membrane 
of capillaries and postcapillary venules due to formation of comple-
ment C5b-9 complexes and the release of lytic enzymes and oxygen 
radials from activated polymorphonuclear cells. In larger vessels, 
this process leads to infiltration of the adventitia and media and dis-
ruption of the elastic lamina. Concomitantly, the physical integrity 
and antithrombotic capacity of the endothelium is lost causing dep-
osition in the vessel wall of plasma proteins and fibrin. In the model 
of acute serum sickness, rabbits that have been depleted of circulat-
ing complement by treatment with cobra venom do not develop 
vasculitis: deposited immune complexes can be demonstrated, but 
no complement is found and neutrophil infiltration with necrosis 
of vessel wall structures is absent (Henson and Cochrane, 1971). 
Likewise, induced neutropenia or absence of Fcγ-receptors will 
prevent the development of inflammation and vasculitis, pointing 
to the essential role of complement activation, neutrophil recruit-
ment and Fcγ-receptor engagement with immune complexes in the 
early stages of the process (Sylvestre and Ravetch, 1994; Mayadas 
et al., 2009).

The endothelial cells are, however, by no means injured inno-
cent bystanders of the attack. Early expression of P-selectin on 
endothelial cells activated by histamine, thrombin, and comple-
ment components (C5b-9) and of endothelial E-selectin by activa-
tion with tumour necrosis factor alpha (TNF-a) and interleukin 
1 beta (IL-1β) are essential for leucocyte rolling and adherence 
through binding to sialyl Lewis-X and L-selectin expressed on 
neutrophils (Ley et al., 2007). The endothelial selectin expression 
peaks within hours and disappears by 24 hours, but is taken over 
and superseded by endothelial expression of intercellular adhe-
sion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 
(VCAM-1). These adhesion molecules form ligands for clusters of 
differentiation (CD)-11/CD18 integrins expressed on leucocytes 
and expression will result in strong and irreversible binding and 
subsequent transendothelial migration of the leucocytes (Ley et al., 
2007). Activated neutrophils and monocytes will produce IL-8, 
which will further stimulate neutrophil migration and activation. 
The activated and transmigrated neutrophils will rapidly degrade 

Table 158.1 Categories of primary and secondary vasculitic syndromes 
according to the predominant vessel size involved (Jennette et al., 1994; 
Jennette and Falk, 1997)

Large vessel vasculitis (aorta and major arterial branches)

Giant cell arteritis

Takayasu arteritis

Medium-sized vessel vasculitis (larger muscularized arteries)

Polyarteritis nodosa

Kawasaki disease

Primary granulomatous vasculitis of the central nervous system

Small vessel vasculitis (small arteries, arterioles, capillaries, venules)

ANCA-associated vasculitis:

Microscopic polyangiitis

Granulomatosis with polyangiitis

Churg–Strauss syndrome

Drug-induced ANCA-associated vasculitis

Immune-complex small vessel vasculitis:

Henoch–Schönlein purpura

Cryoglobulinaemic vasculitis

Connective tissue disease-associated vasculitis, e.g. systemic lupus 
erythematosus; Sjögren syndrome; rheumatoid arthritis

Hypocomplementaemic urticarial vasculitis

Behçet disease

Goodpasture syndrome

Serum sickness

Drug-induced immune-complex vasculitis

Infection-induced immune-complex vasculitis

Paraneoplastic small vessel vasculitis

 



CHAPTER 158 the patient with vasculitis: pathogenesis 1317

the immune complexes, which will no longer be detectable after 
24–48 hours (Grunwald et  al., 1997). The temporal pattern of 
expression of endothelial adhesion molecules in combination with 
secreted chemokines such as monocyte chemoattractant protein 1 
(MCP-1) and regulated upon activation of normal T-cell expressed 
and secreted (RANTES) will change the infiltrate from predomi-
nantly neutrophils to mono- and lymphocytic.

Immune complexes in human vasculitis
Detection of immunoglobulin and complement in human leuco-
cytoclastic vasculitis, which is the histopathological prototype of 
human immune complex vasculitis, provides circumstantial evi-
dence for a role of immune complexes in the pathogenesis. These 
immune complexes, either deposited from the circulation or 
formed in situ, are found in Henoch–Schönlein purpura, vasculitis 
associated with cryoglobulinaemia, hepatitis B-associated polyarte-
ritis nodosa, and many cases of the secondary vasculitides. The 
complexes involved are supposedly composed of antibodies bound 
to microbial antigens in case of underlying infectious diseases, 
autoantigens in the connective tissue diseases, and non-microbial 
exogenous antigens in the hypersensitivity disorders (Table 158.2). 
The immune complex-associated vasculitides (Table 158.1) are all 
associated with the presence of circulating immune complexes and 
vascular deposits composed of combinations of IgM, IgG, IgA, 
and complement C3, suggesting a role of these complexes in their 
pathogenesis. Definite support for a pathogenetic role for immune 

complexes requires the simultaneous detection of a relevant antigen 
and specific antibody in the circulation and the vasculitic lesions. 
With the exception of the small and medium sized vessel vasculi-
tis associated with chronic hepatitis B infection, in which hepatitis 
B surface antigen–antibody complexes have been demonstrated in 
the circulation and in lesions of muscular arteries, dermal vessels, 
and glomeruli (Trepo et al., 1974; Michalak, 1978), the specificities 
of the antigens and their corresponding antibodies have not been 
identified in most of the cases. Although circulating immune com-
plexes can be demonstrated in many patients with vasculitis, this 
finding is very aspecific as many patients with chronic hepatitis B or 
other infections, connective tissue diseases, or tumours have circu-
lating immune complexes, of which only a very small fraction will 
develop vasculitis and glomerulonephritis.

Factors involved in immune complex formations  
and disease in humans
The fact that immune complex formation occurs frequently under 
pathological and probably also under physiological conditions, 
while vasculitis or other sequelae secondary to these complexes are 
rare, suggest that specific conditions have to be met for immune 
complexes to lead to immune complex vasculitis (Table 158.3). 
Normally, immune complexes form only transiently and are rap-
idly cleared from the circulation. Persistent or recurrent exposure 
to antigens in the circulation in combination with the presence 
of specific antibodies may lead to circulating complexes. Chronic 
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Fig. 158.1 Schematic representation of the processes involved in immune complex formation in the vessel lumen or at the endothelial cells, immune complex 
deposition, and initial inflammatory events in immune complex mediated vasculitis. (1) Immune complexes are formed between circulating, endothelial bound (*) or 
produced antigen(s) (**) and immunoglobulins. (2) Complement will be activated by the complexes through the classical or alternate pathway resulting in release 
of complement fragments C3a and C5a which will attract neutrophils and stimulate basophils to release vasoactive amines. C3b will bind to the immunoglobulin of 
the complexes and facilitate solubilization of the complex and binding to complement receptor 1 on macrophages or erythrocytes. (3) Circulating complexes not 
eliminated by binding to erythrocytes or macrophages can be deposited on the endothelial cells by: (A) binding of the Fc part of the complexed immunoglobulin 
to the Fcγ-receptors (FcγR) or (B) binding of complex bound C3b to complement receptor 1 (CR1) expressed on capillaries and postcapillary venules; (C) binding of 
antigen to endothelial cell membranes by charge interaction; (D) trapping of complexes with binding to subendothelial matrix due to increased vascular permeability 
caused by vasoactive amines. (4) Neutrophils attracted by chemotactic factors complement C3a, C5b, and locally produced cytokines (not depicted) will bind to the 
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infections such as hepatitis B and C or endocarditis, increased 
permeability for gastrointestinal antigens in Henoch–Schönlein 
purpura, and release of endogenous antigens in systemic lupus 
erythematosus or rheumatoid arthritis are all thought to pro-
vide these antigens and, in the presence of binding antibodies, to 
result in persistent or recurrent immune complex formation. On 
the other hand, the efficiency with which immune complexes are 
cleared from the circulation may be an important determinant. 
Activation of the classical and alternative complement pathways 
by the immune complexes will lead to adherence of C3b and C4b. 
C3b binding facilitates solubilization of immune complexes and 
uptake of the complex by interaction with the complement recep-
tor type 1 (CR1) on cells of the reticuloendothelial system, espe-
cially the Kupffer cells in the sinoids of the liver. In addition, CR1 
is abundantly present on the surface of erythrocytes (Fig. 158.1). 
Binding of immune complexes to these receptors on erythrocytes 
inhibits their precipitation and allows their transport to liver and 
spleen macrophages (Schifferli et al., 1986). In patients with sys-
temic lupus erythematosus, a decreased density of CR1 receptors 
on erythrocytes has been found, resulting in decreased binding of 
immune complexes to erythrocytes (Miyakawa et al., 1981; Lobatto 

et al., 1988). The association between genetic deficiencies of com-
plement components and immune complex diseases suggests that 
complement mediated clearance in vivo is important in prevent-
ing immune complex deposition. Immune complex uptake is also 
mediated by the interaction of the Fc part of complexed immu-
noglobulins and Fcγ-receptors on mononuclear phagocytic cells. 
Functional polymorphisms in the human Fcγ-receptor II and III 
have been described that modulate the affinity for different IgG 
subclasses. Associations between these functional polymorphisms 
and reduced clearance of immune complexes and risk for immune 
complex-mediated diseases such as systemic lupus erythematosus 
have been described (Dijstelbloem et al., 2000; Li et al., 2009).

Amounts of circulating immune complexes are often higher in 
patients with vasculitic disease compared to those without vascu-
litic disease activity, in diseases such as rheumatoid arthritis asso-
ciated with vasculitis, and in Henoch–Schönlein purpura. Also in 
individual patients, circulating immune complex levels can fluctu-
ate in relation with disease activity. The relation between levels of 
circulating immune complexes and vasculitis is, however, by no 
means absolute. Size and composition of the immune complexes 
are important:  in experimental models only complexes with cer-
tain sedimentation characteristics are deposited in vessel walls 
(Cochrane and Hawkins 1968). In patients with drug-induced and 
Henoch–Schönlein purpura, the development of leucocytoclastic 
vasculitis coincides with the presence of large IgA and C3 contain-
ing complexes in the circulation which disappear when the patient 
recovers (Kauffmann et al., 1980). The size of the immune com-
plex determines its fate as circulating and deposited IgA-immune 
complexes are found in both patients with IgA nephropathy and 
Henoch–Schönlein purpura, but these complexes are smaller in 

Table 158.2 Secondary vasculitides: antigens and antigen sources 
presumably involved in immune complex formation

Exogenous antigens

Microbial antigens:

Bacterial:

Streptococci

Staphylococci

Mycobacterium leprae

Treponema pallidum

Others

Viral:

Hepatitis B/C virus

Human immunodeficiency virus

Cytomegalovirus

Epstein–Barr virus

Others

Protozoal:

Plasmodia

Non-microbial antigens

Heterologous proteins (therapeutic monoclonal or polyclonal antibodies):

Allergens

Drugs

Tumour antigens (?)

Autologous antigens

Nuclear antigens (antinuclear antibodies)

Immunoglobulin G (rheumatoid factor, cryoglobulins)

Others

Table 158.3 Factors possibly influencing the in situ formation or 
deposition of circulating immune complexes and development 
of vasculitis

Immune complex characteristics

Concentration of circulating immune complexes

Size and composition of the immune complexes

Ratio of antigens and antibodies

Immunoglobulin class(es) and subclass(es)

Properties of the antigen

Charge of the antigen

Site of production of the antigen

Complement activating capacity

Patient characteristics

Capacity to efficiently remove circulating immune complexes

Expression and affinity of complement and Fcγ receptors on 
reticuloendothelial and other cells

Intact complement system

Haemodynamic conditions or factors influencing vascular permeability 
facilitating antigen trapping or immune complex deposition

Propensity to chronic or intermittent antigen exposure due to chronic or 
recurrent infection(s) or increased gastrointestinal permeability for antigens
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IgA nephropathy than in Henoch–Schönlein purpura (Davin and 
Weening, 2001).

Specific characteristics of the immunoglobulin component or 
the antigen present in the complex may determine its propensity 
to be formed or deposited at certain vascular sites. IgA1 present in 
immune complexes in Henoch–Schönlein purpura has been found 
to be abnormally glycosylated, especially when nephritis is present 
(Novak et al., 2008; Suzuki et al., 2008). Likewise, in hepatitis C 
virus-associated mixed cryoglobulinaemia, which is present in 
50% of patients with chronic hepatitis C, the small minority who 
cryoglobulinaemic vasculitis have more often IgG3 subclass in their 
complexes (Dammacco et al., 2001). Binding of endogenous anti-
gens such as nuclear histones or bacterial antigens such as staphylo-
coccal neutral phosphatase to (glomerular) basement membranes 
or endothelial cells due to charge interactions may result in deposi-
tion or in situ formation of immune complexes. Finally, endothelial 
cells may be infected by microbial agents such as cytomegalovirus 
or other herpes viruses, parvo B19 virus, hepatitis C virus, or intra-
cellular growing bacteria which, in addition to direct endothelial 
cell damage, may result in local release of antigen and thereby 
formation of immune complexes with subsequent inflammatory 
response (Lidar et al., 2009).

Pauci-immune systemic vasculitis
In contrast to the secondary vasculitides, the primary vasculitides 
are, with the exception of Henoch–Schönlein purpura and vascu-
litis associated with essential cryoglobulinaemia, characterized by 
a paucity of immune deposits in the lesions. The pathogenesis of 
most of the primary vasculitic syndromes is unclear, but autoan-
tibodies and T-cell mediated cellular immune reactions may be 
involved and will be discussed. The primary vasculitic syndromes 
are classified based on the size of the vessels involved, the histo-
pathology of the lesions, and the presence of characteristic clini-
cal symptoms. A classification scheme as well as definitions for the 
various vasculitic syndromes were proposed by an International 
Consensus Group in 1993 (Jennette et  al., 1994)  (Table 158.4). 
Potential pathogenic pathways play only a very limited role in this 
classification, although the association of certain small-vessel vas-
culitic syndromes with the presence of circulating antineutrophil 
cytoplasmic autoantibodies (ANCAs) is well established.

Autoantibodies in primary vasculitis
As for the large vessel vasculitides, no disease-specific autoantibod-
ies have been described until now. Also in medium-sized vessel vas-
culitis, specific autoantibodies are lacking. In contrast, some forms 
of primary small vessel vasculitis are strongly associated with the 
presence of circulating ANCAs directed against proteinase 3 (PR3) 
and myeloperoxidase (MPO), which are cytoplasmic constituents 
of neutrophils and monocytes. Furthermore, anti-endothelial cell 
antibodies (AECAs) have been described in patients with primary 
vasculitis. The potential role of both groups of antibodies in the 
pathogenesis of vasculitis will be discussed.

Pathogenicity of ANCA in systemic vasculitis
Following the preliminary reports on the associations of antineu-
trophil autoantibodies with idiopathic necrotizing glomerulone-
phritis and vasculitis (Davies et  al., 1982; Hall et  al., 1984), van 
der Woude et al. described in 1985 the presence of autoantibod-
ies producing a characteristic cytoplasmic immunofluorescence 
pattern on ethanol-fixed neutrophils in sera from a large series 

Table 158.4 Names, definitions, and descriptions of common features 
of vasculitides adopted by the Chapel Hill Consensus Conference 
on the nomenclature of systemic vasculitis

Large vessel vasculitis

Giant cell (temporal) arteritis

Granulomatous arteritis of the aorta and its major branches, with a predilection 
for the extracranial branches of the carotid artery

Features: often involves temporal artery. Usually in patients > 50 years and is 
often associated with polymyalgia rheumatica.

Takayashu arteritis

Granulomatous inflammation of the aorta and its major branches.

Features: usually occurs in patients younger than 50 years.

Medium-sized vessel vasculitis

Polyarteritis nodosa

Necrotizing inflammation of medium-sized and small arteries without 
glomerulonephritis or vasculitis in arterioles, capillaries, or venules.

Kawasaki’s disease

Arteritis involving large, medium-sized, and small arteries and associated with 
mucocutaneous lymph node syndrome.

Features: coronary arteries often involved. Aorta and veins may be involved. 
Usually occurs in children.

Small-vessel vasculitis

Granulomatosis with polyangiitis

Granulomatous inflammation involving the respiratory tract and necrotizing 
vasculitis affecting small- to medium-sized vessels (e.g. capillaries, venules, 
arterioles, and arteries).

Features: necrotizing glomerulonephritis is common. Strongly associated with 
the presence of anti-neutrophil cytoplasmic antibodies.

Churg–Strauss syndrome

Eosinophil-rich and granulomatous inflammation involving the respiratory 
tract and necrotizing vasculitis affecting small-to-medium-sized vessels and 
associated with asthma and eosinophilia.

Features: associated with the presence of anti-neutrophil cytoplasmic 
antibodies.

Microscopic polyangiitis

Necrotizing vasculitis with few or no immune deposits affecting small vessels 
(capillaries, venules, or arterioles).

Features: necrotizing arteritis involving small and medium-sized arteries may 
be present. Necrotizing glomerulonephritis is very common, Pulmonary 
capillaritis often occurs. Strongly associated with the presence of anti-neutrophil 
cytoplasmic antibodies.

Henoch–Schönlein purpura

Vasculitis with IgA-dominant immune deposits affecting small vessels 
(capillaries, venules, or arterioles)

Features: typically involves skin, gut, and glomeruli and is associated with 
arthralgias or arthritis

Essential cryoglobulinaemic vasculitis

Vasculitis with cryoglobulin immune deposits affecting small vessels (capillaries, 
venules, or arterioles) and associated with cryoglobulins in serum

Features: skin and glomeruli are often involved

Cutaneous leucocytoclastic angiitis

Isolated cutaneous leucocytoclastic angiitis without systemic vasculitis or 
glomerulonephritis.
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of patients with active Wegener’s granulomatosis (van der Woude 
et al., 1985), a disease which is now termed granulomatosis with 
polyangiitis (GPA) (Falk et al., 2011). Since then the close associa-
tion between antibodies directed against either PR3 or MPO and 
granulomatosis with polyangiitis, microscopic polyangiitis, renal 
limited vasculitis (isolated pauci-immune necrotizing glomeru-
lonephritis), and, to a lesser extent, Churg–Strauss syndrome has 
been extensively described (Falk and Jennette, 1988; Tervaert et al., 
1991; Hagen et al., 1998; Savige et al., 2000). Based on a relation, 
albeit not absolute, between the level of these autoantibodies and 
disease activity of the associated vasculitic syndromes, the autoan-
tibodies were suggested to be involved in the pathogenesis of the 
associated diseases (Tervaert et  al., 1990; Boomsma et  al., 2000; 
Harper and Savage, 2000; Falk and Jennette, 2002). This hypothesis 
also more firmly positions these diseases within the spectrum of 
systemic autoimmune disorders.

In humans direct evidence for a pathogenic role of ANCAS is 
not available. There is one intriguing case report of a neonate who 
developed pulmonary and renal disease after transplacental pas-
sage of MPO-ANCA suggesting development of ANCA vasculi-
tis but most evidence is indirect and circumstantial (Bansal and 
Tobin, 2004). Associations between the mere presence or rises in 
levels of ANCAs directed against PR3 and, to a lesser extent, MPO 
and risk for vasculitic disease activation have been described and 
debated. Indeed, episodes of disease activity at diagnosis or during 
relapse of GPA, microscopic polyangiitis, and renal limited vascu-
litis are nearly always accompanied by the concomitant presence 
of ANCAs. However, many patients who have been treated for one 
of the latter diseases and are in complete remission remain ANCA 
positive. Clearly, the mere presence of ANCAs directed against PR3 
or MPO is not sufficient for vasculitic disease activity to occur, 
while on the other hand ANCA is, if not directly involved in the 
pathogenesis, an important marker for disease activity. In vitro data 
and results from experimental animal models do, however, strongly 
suggest that ANCAs play a pathogenic role in small vessel vasculitic 
disease activity (Jennette et al., 2006) (Fig. 158.2).

Experimental and laboratory data on pathogenic effects 
of ANCAs
In vitro, ANCAs are able to activate neutrophils to produce reac-
tive oxygen species and to degranulate with the release of lytic 
enzymes such as elastase and PR3 (Falk et al., 1990). In order to 
get activated by ANCA, in vitro neutrophils must be in a state of 
pre-activation (‘primed’). Priming occurs in the presence of low 
amounts of pro-inflammatory cytokines such as TNF-a, IL-1, and 
IL-8. Although low levels of PR3 may be constitutively expressed 
on neutrophils, priming results in enhanced expression of the tar-
get antigens of ANCAs, that is, PR3 and MPO, at the cell surface 
and, so, makes the antigens accessible for interaction with ANCAs 
(Rarok et al., 2003). In vivo priming may be induced by infections 
or colonization of the upper airways by Staphylococcus aureus, a 
potent neutrophil activator, as this was found to be associated with 
increased risk for relapse of ANCA-associated vasculitis (Stegeman 
et al., 1994). Also, most humans display constitutive expression of 
PR3 on neutrophils, which is highly variable between different indi-
viduals but stable within one person. A high level of constitutive 
PR3 expression was found to be a risk factor for PR3-ANCA-related 
vasculitis in one study (Witko-Sarsat et al., 1999), and a risk fac-
tor for relapse in another study (Rarok et al., 2002). More recently, 

aberrant expression of genes encoding granule proteins, including 
MPO and PR3, has been demonstrated in neutrophils from patients 
with ANCA vasculitis. The aberrant gene expression of MPO and 
PR3 involves epigenetic modifications associated with gene silenc-
ing and may contribute to increased expression of the ANCA 
autoantigens in patients (Ciavatta et al., 2010).

ANCA-induced neutrophil activation requires not only binding 
of the antibodies via their F(ab)2-fragments to surface-expressed 
PR3 or MPO, but also interaction of their Fc-fragments with 
Fc-receptors on neutrophils, particularly with the FcγRIIa- and 
FcγRIIIb-receptor (Mulder et al., 1994; Porges et al., 1994; Kocher 
et al., 1998). Additional studies have shown that especially ANCAS 
of the IgG3 subclass interact efficiently with the FcγRIIa-receptor, 
and the in vitro capacity of sera to activate primed neutrophils was 
found to be closer related to the IgG3-ANCA titre than to the total 
IgG-ANCA titre (Mulder et al., 1995). Also, IgG isolated from sera 
from patients who were still PR3-ANCA positive during remission of 
the disease were shown to have lower amounts of IgG3-PR3-ANCA 
and a lesser in vitro neutrophil-stimulating capacity than sera col-
lected at the time of active vasculitis. Finally, studies on Fcγ IIa- and 
IIIb-receptor polymorphisms in humans with ANCA-associated 
vasculitis have shown that certain phenotypes with a high affinity 
for IgG3 subclass antibodies may be associated with more severe 
disease and disease relapse (Edberg et al., 1997; Dijstelbloem et al., 
1999; Tse et al., 2000). However, a large prospective study showed 
that assessment of levels of IgG3-PR3-ANCA was not better in 
predicting relapse of vasculitic disease activity than that of total 
IgG-PR3-ANCA (Boomsma et al., 2000).

Binding of membrane expressed antigen and Fcγ-receptor 
interaction by ANCA results in activation of neutrophils through 
intracellular pathways involving tyrosine phosphorylation, 
protein-kinase C translocation, and phosphatidyl-inositol 3-kinase 
activation leading to activation of neutrophil respiratory burst with 
release of reactive oxygen products, degranulation, and secretion 
of leukotrienes and inflammatory cytokines (Rarok et al., 2003). 
ANCA-induced neutrophil activation occurs efficiently when neu-
trophils are adherent to an endothelial surface, a process in which 
β2-integrins are involved (Reumaux et  al., 1995; Radford et  al., 
2001). In vitro studies have demonstrated that ANCA are able to 
induce stable adherence of rolling neutrophils to endothelial cell 
monolayers expressing adhesion molecules and that endothelial 
cells can be lysed by neutrophils in the presence of ANCA (Ewert 
et al., 1992; Savage et al., 1992; Radford et al., 2001). In vivo, this 
process is assumed to occur at the endothelial surface of small ves-
sels. Indeed, activated neutrophils adherent to the endothelium are 
observed in renal biopsies from patients with ANCA-associated 
necrotizing crescentic glomerulonephritis (Brouwer et al., 1994). In 
addition, activated neutrophils are found within the circulation of 
patients with active vasculitis, and their degree of activation corre-
lates with disease activity (Muller Kobold et al., 1998). The presence 
of circulating activated neutrophils may lead to trapping within 
dense capillary systems such as pulmonary alveoli and the glo-
merulus, with subsequent damage to endothelial cells (Harper and 
Savage, 2000). This latter concept is in agreement with the descrip-
tion of early vasculitic lesions found in GPA with local small ves-
sel thrombosis and necrosis with lysed neutrophils (Donald et al., 
1976; Brouwer et al., 1994).

In vitro stimulation of neutrophils by ANCA also induces the 
release of neutrophil extracellular traps (NETs) which are chromatin 
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structures loaded with granule derived antimicrobial proteins 
including MPO and PR3 (Kessenbrock et al., 2009). Interestingly, 
NET formation was also detected in affected glomeruli from patients 
with ANCA glomerulonephritis. Formation of NETs can induce 
injury to endothelial cells directly but may also be involved in the 
perpetuation of the autoimmune response by providing a platform 
for presenting the autoantigens to the immune system.

Neutrophils are not the only cells expressing the ANCA target 
antigens PR3 and MPO. Monocytes are known to contain and 
express PR3 and MPO, and can interact with ANCA. In vitro, 
activation of monocytes by ANCA has been shown with release 
of IL-8 and MCP-1 (Casselman et al., 1995; Ralston et al., 1997). 
Priming with TNF-a is not a prerequisite for monocyte activation 
by ANCA, but does lead to stronger activation. Infiltration by acti-
vated monocytes in crescentic glomerulonephritis associated with 

ANCA-related vasculitis has been shown. It is mediated by chemo-
taxis induced by fibrin and MCP-1 produced within the glomeruli 
and VCAM-1 expression on glomerular endothelium (Rastaldi 
et al., 1996).

Upon degranulation from activated neutrophils, PR3 and MPO 
bind to endothelial cells and can be targeted by ANCA leading to 
local in situ immune complex formation and complement depend-
ent damage (Ballieux et al., 1994). In addition, PR3 and MPO may 
also have direct effects on endothelial cells by promoting apoptosis 
and enhancing vascular permeability, endothelial cell detachment, 
and expression of adhesion molecules, thereby increasing local 
inflammation and damage (Taekema-Roelvink et  al., 2001; Yang 
et al., 2001).

ANCAS directed against PR3 may reversibly bind to PR3 
and interfere with the binding of PR3 with its main inhibitor 
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a1-antitrypsin. This may lead to diminished clearance of PR3. 
In vitro this inhibition of PR3-a1-antitrypsin complexation 
can be demonstrated and was found to correlate with disease 
activity (Dolman et al., 1993). Also, congenital a1-antitrypsin 
deficiency with an overrepresentation of PiZ and PiZZ alleles 
is associated with PR3-ANCA-related vasculitis, or to a more 
severe outcome of the disease. This suggests that interfer-
ence with the regulation of the enzymatic activity of PR3 may 
be involved in the pathogenesis of PR3-ANCA-related vascu-
litis (Harper and Savage, 2000). Likewise, binding to MPO of 
MPO-ANCA may interfere with the physiological inhibition of 
MPO by ceruloplasmin binding.

Animal models of ANCA-associated vasculitis
An important step in proving the direct pathogenic potential of 
MPO-ANCA in vivo has been the development of animal mod-
els of anti-MPO antibody mediated vasculitis. During the 1990s, 
several rodent models were developed attempting to elucidate the 
pathogenic effects of anti-MPO antibodies (reviewed in Heeringa 
et  al., 1998). These models involved induction of autoimmunity 
with the polyclonal B cell stimulator mercuric chloride, planting of 
ANCA antigens within the kidney by renal perfusion, or focusing 
the immune response to MPO on the kidney by administration of 
subnephritogenic doses of heterologous antiglomerular basement 
membrane antibodies (Heeringa et al., 1998). Although these mod-
els demonstrated the ability of anti-MPO antibodies to aggravate 
mild renal injury, the induction of vasculitis and glomerulonephritis 
was either dependent on the presence of immune complexes in the 
kidney, or the anti-MPO response was part of a broad, non-specific, 
antibody profile. Therefore, these approaches implicated ANCA as 

a co-factor but not as an independent cause of disease and do not 
accurately model the pathology of MPO-ANCA-associated vascu-
litis in humans.

A major breakthrough in this area came in 2002 when direct evi-
dence was provided that MPO-ANCA causes pauci-immune glo-
merulonephritis and vasculitis in mice (Xiao et al., 2002). In this 
model, MPO gene-deficient mice were employed to circumvent 
tolerance to MPO and allowing induction of an anti-MPO immune 
response. Adoptive transfer of anti-MPO positive splenocytes into 
immune deficient recombinase activating gene deficient mice that 
lack functioning T and B cells, resulted in circulating MPO-ANCA 
accompanied by the development of crescentic glomerulonephritis 
and vasculitis. Importantly, systemic administration of anti-MPO 
antibodies alone into wild-type C57Bl6 mice also induced 
pauci-immune, focal necrotizing crescentic glomerulonephritis 
and systemic vasculitis providing direct evidence that MPO-ANCA 
are pathogenic (Fig. 158.3).

Soon after this mouse model was developed, a rat model of systemic 
anti-MPO associated vasculitis was reported (Little et al., 2005). Upon 
immunization with purified human MPO in complete Freund’s adju-
vant, Wistar Kyoto (WKY) rats develop high titres of MPO-ANCA 
that cross-reacted with rat MPO. The induction of the anti-MPO 
response was accompanied by the development of haematuria, albu-
minuria, and small vessel vasculitis in the kidneys and lungs. The 
histopathological features of both the mouse and rat model resem-
ble to a large extent those in human ANCA vasculitis. Similar to the 
pauci-immune nature of the glomerular capillary lesions observed in 
human ANCA-associated glomerulonephritis, only limited deposits of 
immunoglobulins and complement factors are detected in affected glo-
meruli of mice and rats with anti-MPO mediated glomerulonephritis.

mpo–/–

mpo–/–

Transfer of anti-muMPO
splenocytes or lgG

Immunization with muMPO or BSA

1

2

43

Transfer of anti-BSA
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Fig. 158.3 Mouse model of anti-MPO associated glomerulonephritis and vasculitis. (1) Myeloperoxidase deficient mice (MPO −/−) are immunized with murine MPO 
(muMPO) or bovine serum albumin (BSA, control). (2) Splenocytes and IgG are obtained from immunized MPO −/− mice. (3) Adoptive transfer of BSA+ splenocytes 
into RAG2 −/− or passive transfer of BSA+ IgG into RAG2 −/− or wild−type mice induces no disease. (4) Adoptive transfer of muMPO+ splenocytes into RAG2 −/− or 
passive transfer of muMPO+ IgG into RAG2 −/− or wild-type mice induces vasculitis and necrotizing crescentic glomerulonephritis. Pictures represent glomerular lesions 
as observed 6 days after passive transfer into wild-type mice of anti-BSA IgG and anti-MPO IgG, respectively.
From Heeringa and Tervaert (2004).
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Both the mouse and rat model of MPO-ANCA vasculitis con-
vincingly demonstrate the pathogenic potential of MPO-ANCA 
but also have their limitations (Heeringa and Little, 2011). 
Essentially, both cannot be regarded as genuine autoimmune mod-
els, as they rely on active immunization in adjuvants. Also, in the 
mouse model, the MPO deficient mouse has never been exposed to 
any MPO molecule before and there is no requirement for breaking 
tolerance.

In contrast to MPO-ANCA, attempts to develop PR3-ANCA vas-
culitis models have been less successful. Using an approach similar 
to the murine MPO-ANCA model, immunization of PR3/elastase 
double knock-out mice with murine recombinant PR3 induced 
high-titre anti-PR3 antibodies (Pfister et  al., 2004). Upon sys-
temic administration into wild-type mice, these anti-PR3 antibod-
ies aggravated subcutaneous panniculitis induced by intradermal 
injection of TNFa. However, in contrast to anti-MPO antibodies, 
the presence of circulating anti-PR3 antibodies alone did not cause 
vasculitis. In a model involving transfer of splenocytes from recom-
binant Pr3 immunized mice into immunodeficient, non-obese, 
diabetic—(NOD)—severe combined immunodeficiency (SCID) 
mice high levels of anti-PR3 could be detected associated with the 
development of necrotizing glomerulonephritis (Primo et al., 2010). 
These experiments support a possible pathogenic effect of anti-PR3 
antibodies. However, transfer of splenocytes into immune deficient 
mice causes substantial immune deposits in the kidney rendering 
this approach less representative for human pauci-immune vascu-
litis. Therefore, as convincing animal models are unavailable, direct 
evidence for a pathogenic role of anti-PR3 autoantibodies is lacking.

The reasons for the discrepancy in pathogenic potential between 
anti-PR3 and anti-MPO antibodies in animal studies are unknown 
but may be due to species differences in antigen expression lev-
els and differences in physicochemical properties of the antigens 
themselves (Jenne et al., 1997). For example, the isoelectric points 
of murine and human Pr3 are far less than that of MPO (isoelectric 
points of ~ 7 and > 10, respectively) which theoretically could result 
in differential interactions of the antigens with negatively charged 
cell structures.

Inflammatory effector mechanisms in ANCA-mediated 
vasculitis: insights from animal models
The rodent models of MPO-ANCA-mediated vasculitis have been 
used to unravel the inflammatory effector mechanisms involved 
in disease induction and progression (Heeringa and Little, 2011). 
In the mouse model, neutrophils have been identified as the main 
effector cells, as neutrophil depletion completely prevented vascu-
litis induction upon injection of anti-MPO antibodies (Xiao et al., 
2005). In the same model, co-administration of anti-MPO antibod-
ies and lipopolysaccharide severely aggravated glomerulonephritis 
development, which is consistent with the contention that follow-
ing infection, pro-inflammatory stimuli and MPO-ANCA syner-
gize to cause vasculitic manifestations (Huugen et al., 2005).

Intravital microscopy of the mouse cremasteric microvascu-
lature has been used to investigate the very early events in the 
interaction of neutrophils with the endothelium. In the presence 
of a local inflammatory stimulus, anti-MPO antibodies reduced 
neutrophil rolling but at the same time promoted adhesion and 
transendothelial migration of leucocytes (Nolan et  al., 2008). 
The MPO-ANCA-mediated effects on neutrophil-endothelium 
interactions were found to be dependent on β2-integrins and 

Fcγ-receptors. The ability of anti-MPO antibodies to increase leu-
cocyte adhesion to and transmigration through the endothelium is 
also supported by intravital microscopy studies in the MPO-ANCA 
rat model (Little et al., 2005).

As described earlier, a central event in the pathogenesis of 
ANCA-associated vasculitis is the ability of ANCA to activate neu-
trophils which is greatly facilitated by minor pro-inflammatory 
stimuli such as TNFa that prime the neutrophil to interact with 
ANCA. Simultaneous engagement of the F(ab)2 portion of ANCA 
with their antigens on the cell surface and interaction of the Fc 
part of the autoantibody with Fc receptors triggers the various 
signalling cascades that lead to neutrophil activation. Using the 
MPO-ANCA rodent models interventions aimed at blocking the 
proinflammatory effects of TNFa have been tested and were found 
to ameliorate disease severity (Huugen et  al., 2005; Little et  al., 
2006). Additional interventions have focused on inhibition of sig-
nalling pathways involved in ANCA-mediated neutrophil activa-
tion. Transplantation of bone marrow from PI3Kγ deficient mice 
into irradiated MPO-immunized MPO-/-mice prevented glomer-
ulonephritis development. Similar effects were observed in mice 
transplanted with wild type bone marrow upon oral treatment with 
a PI3Kγ specific inhibitor (Schreiber et al., 2010). Another signal-
ling pathway implicated in ANCA-mediated neutrophil activation 
is the P38 mitogen-activated protein kinase (MAPK) pathway. In 
vitro, blocking P38 MAPK inhibits ANCA induced neutrophil 
activation and biopsy studies have shown that the P38MAPK path-
way is activated in glomerular lesions of ANCA vasculitis patients 
(Kettritz et al., 2001; Polzer et al., 2008). In the anti-MPO mouse 
model, oral treatment with a P38MAPK inhibitor reduced mac-
rophage influx and glomerular crescent formation but did not pre-
vent disease development (van der Veen et al., 2011).

Alternative complement pathway activation 
in ANCA-associated vasculitis
It has generally been assumed that the complement system is not 
involved in the pathogenesis of ANCA-associated vasculitis because 
there is a paucity of immune deposits in the vasculitic lesions 
and circulating complement levels in patients are unperturbed. 
However, in several biopsy studies a certain degree of immune 
complex deposition in skin lesions as well as in early lesions in the 
kidney has been reported (reviewed in Van Timmeren et al., 2009). 
Importantly, compelling evidence from animal model studies now 
indicates a pivotal role for alternative pathway complement acti-
vation in disease pathogenesis. In the MPO-ANCA mouse model, 
mice lacking complement component C5, its receptor C5aR or the 
alternative pathway component Factor B, were completely pro-
tected from disease induction (Xiao et al., 2007; Schreiber et al., 
2009). Moreover, treatment with a C5 inhibiting antibody markedly 
attenuated glomerulonephritis development (Huugen et al., 2007). 
The mechanisms responsible for ANCA-mediated complement 
activation have not been fully delineated yet. However, upon activa-
tion neutrophils release factors, including reactive oxygen radicals 
and proteases that can activate the alternative complement pathway. 
In addition, neutrophils themselves are a source of various com-
plement factors including C3 and components that are unique to 
the alternative complement pathway, factor B and properdin, sug-
gesting that at sites of neutrophilic inflammation all components 
necessary to activate the alternative pathway of complement are 
present (Van Timmeren et al., 2009). In vitro, incubation of normal 
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human serum with supernatants of ANCA activated neutrophils 
leads to complement activation as evidenced by the generation of 
C3a and C5a (Xiao et al., 2007). C5a itself is a potent chemoattract-
ant for neutrophils, primes neutrophils for ANCA-mediated neu-
trophil activation and induces release of properdin. Based on these 
observations, a mechanism emerges in which ANCA-mediated 
neutrophil activation causes the release of factors that activate the 
alternative complement pathway initiating an inflammatory ampli-
fication cascade that ultimately results in severe necrotizing vascu-
litis (Van Timmeren et al., 2009) (Fig. 158.4).

Immunogenesis of ANCA-associated vasculitis
Why immunological tolerance to PR3 and MPO is broken in 
ANCA-associated vasculitis is unknown. Specific events that trigger 
the autoimmune response have not been identified and it is gener-
ally believed that the initiation of autoimmunity involves a com-
plex interplay between genetic, environmental and, immunological 

factors. At least three hypotheses have been proposed to explain the 
generation of ANCA.

The first hypothesis posits that the initial immune response is 
not against PR3 but against an epitope on an antisense peptide that 
is complementary to a peptide on PR3 (cPR3) (Pendergraft et al., 
2004). The immune response against cPR3 results in the devel-
opment of anti-cPR3 antibodies, which in turn could trigger the 
generation of anti-PR3 antibodies via the idiotype-anti-idiotype 
pathway. This theory is based on the serendipitous observations 
that PR3-ANCA-positive vasculitis patients not only had circu-
lating anti-PR3 antibodies but also harboured antibodies to anti-
sense complementary PR3 peptides (Pendergraft et  al., 2004). 
The source of the cPR3 peptides is unknown but could be either 
endogenous or infectious microorganisms that display peptides 
that mimic cPR3.

A second theory proposes that molecular mimicry between pep-
tides on fimbriated pathogens and human lysosomal associated 
membrane protein 2 (LAMP-2) triggers autoimmunity to LAMP-2 
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Fig. 158.4 Proposed model for the involvement of alternative pathway complement activation in ANCA-mediated vascular inflammation. Neutrophils are primed by 
cytokines to express ANCA antigens (MPO and Pr3) at the cell surface. Primed neutrophils adhere to susceptible endothelium and ANCA antibodies interact with the 
ANCA antigens, resulting in neutrophil activation. The ANCA-activated neutrophils release factors (e.g. properdin, factor B, proteases, oxygen radicals, and MPO) that 
can directly damage the endothelium but also activate the alternative complement pathway with the generation of the powerful neutrophil chemoattractant C5a. This 
mechanism of complement activation amplifies neutrophil influx and activation eventually culminating in the severe necrotizing vascular inflammation as observed in 
ANCA-associated vasculitis.
From Van Timmeren et al. (2009).
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and causes the development of pauci-immune necrotizing glo-
merulonephritis (Kain et al., 2008). Besides the canonical ANCA 
directed against PR3 and MPO, a high prevalence of antibod-
ies directed against LAMP-2 was detected in patients with active 
pauci-immune focal necrotizing glomerulonephritis. A  LAMP-2 
peptide was found to have 100% homology to FimH, an adhesin 
expressed on certain Gram-negative bacteria. Also, in rats immu-
nized with FimH antibodies to rat and human LAMP-2 could be 
detected in conjunction with the development of pauci-immune 
necrotizing glomerulonephritis suggesting that anti-LAMP2 anti-
bodies are pathogenic.

The two theories on the origin of the autoimmune response in 
ANCA-associated vasculitis described above have been debated 
and are controversial because follow-up studies from other labo-
ratories could not completely confirm these observations (Preston 
and Falk, 2011; Tadema et al., 2011).

Finally, it has been suggested that ANCAs are part of the rep-
ertoire of natural autoantibodies (NAAs) since MPO- and 
PR3-specific NAAs have been detected in the plasma of healthy 
individuals at low levels (Cui et al., 2010). The NAAs against MPO 
were found to be of significantly lower titre and avidity for MPO 
compared to MPO-ANCA derived from vasculitis patients which 
could explain the non-pathogenic nature of NAAs in healthy 
individuals (Xu et  al., 2011). These observations clearly require 
confirmation in larger cohorts but do suggest that dysregulation 
of the NAA-producing B cells may underlie the development of 
high-affinity autoantibodies resulting in autoimmune pathology.

AECAs in primary systemic vasculitis
Nearly four decades ago antibodies which specifically stained the 
vascular endothelium on mouse kidney sections as a substrate 
were reported for the first time (Lindqvist and Osterland, 1971). 
Later, these AECAs have been described in the primary vasculitides 
but also in secondary vasculitides, connective tissue diseases, and 
a variety of other (inflammatory) disorders (Belizna et al., 2006). 
AECAs represent a heterogeneous group of antibodies and their 
target antigens are, generally, poorly characterized. AECAs are gen-
erally detected by enzyme-linked immunosorbent assays (ELISAs) 
using as a substrate cultured human umbilical vein endothelial cells 
(HUVECs). AECAs react with different endothelial antigens rang-
ing in molecular weight from 25 to 200 kDa. However, most of the 
antigens recognized by AECAs are not specific for endothelial cells 
as these antibodies also react with fibroblasts or peripheral blood 
mononuclear cells (Belizna et al., 2006). Whether the antigens rec-
ognized by AECAs on endothelial cells are expressed constitutively 
or upon activation of endothelial cells or are so called ‘planted’ 
antigens that adhere to endothelial cells by charge interaction, is 
unclear. Potential candidate antigens that indeed can adhere to 
endothelial cells and to which antibodies can be detected in AECA 
assays are β2-glycoprotein and deoxyribonucleic acid (Belizna 
et  al., 2006). Using a proteomics approach on HUVEC extracts, 
peroxiredoxin 2 has been identified as a possible target for AECAs 
in systemic vasculitis (Karasawa et al., 2010).

AECAs have been reported in extremely varying frequencies 
in patients with all forms of primary systemic vasculitis, but are 
clinically of little value due to lack of disease specificity. Possibly, 
full characterization of the target antigens will improve their diag-
nostic significance. However, serial levels of AECAs have been 
reported to correlate with disease activity in primary small vessel 

vasculitis and Kawasaki disease, which may point to a pathoge-
netic role, although the possibility that AECAs are a result and not 
a cause of endothelial cell injury clearly exists (Leung et al., 1986; 
Chan et al., 1993).

In vitro, AECAs have been shown to mediate complement and 
cellular-dependent cytotoxicity against cultured endothelial cell 
monolayers (Savage et al., 1991; del Papa et al., 1992). Binding of 
AECAs to endothelial cells also results in endothelial cell activation 
with expression of IL-1, -6, and -8, MCP-1, ICAM-1, and VCAM-1 
(Del Papa et al., 1996; Carvalho et al., 1999). Other in vitro effects of 
AECAs on endothelial cells that have been reported are promotion 
of thrombotic events with increased production of tissue factor and 
von Willebrand factor, shedding of heparan sulphate, and inhibi-
tion of prostacyclin production (Frampton et al., 1990; Savage et al., 
1991; Lindsey et al., 1994; Ihrcke and Platt, 1996). Finally, AECAs 
from patients with systemic vasculitis may induce apoptosis of 
endothelial cells (Bordron et al., 1998).

A definite animal model supporting a pathophysiological role 
for AECAs in the development of vasculitis has not yet been dis-
covered. However, injection of antibodies to known endothelial 
antigens such as angiotensin-converting enzyme or factor VIII von 
Willebrand complex induces lung vasculitis and glomerulonephri-
tis in rabbits and rats (Belizna et al., 2006). Taken together, these 
findings suggest that AECAs may have a direct role in the induc-
tion of endothelial damage but a definite role in the pathogenesis of 
vasculitis is unproven.

T-cell mediated immune responses in primary vasculitis
ANCA-associated vasculitis
T-cell mediated immune responses are suggested to be important 
in different forms of primary vasculitis and substantial progress 
has been made in characterizing these responses (Berden et  al., 
2009). Human biopsy material and animal models suggest that 
in small vessel vasculitis the vasculitic lesions develop over time 
from a predominantly neutrophilic lesion into a lesion in which 
activated mononuclear cells (i.e. monocytes/macrophages and T 
cells) predominate. Activated T cells can be clearly demonstrated in 
lesions of human necrotizing small vessel vasculitis in renal, lung, 
and nasal biopsies. In addition, the occurrence of granulomas in 
GPA and Churg–Strauss syndrome indicate the activation of these 
cell types. The activated T cells in these types of vasculitides are 
predominantly CD4+ with a Th1 dominant profile characterized 
by high interferon gamma (IFN-γ) and low IL-4 and -5 produc-
tion (Csernok et al., 1999; Cunningham et al., 1999). Patients with 
ANCA-associated vasculitides also show activated T cells in their 
peripheral blood, a pattern that persists even when the disease is 
in remission (Ludviksson et al., 1998; Popa et al., 1999). This pat-
tern of activated T cells is also reflected by increased serum levels 
of soluble T-cell activation markers (Stegeman et al., 1993). Finally, 
antigen-specific T cells recognizing the ANCA antigens PR3 and 
MPO have been identified in the peripheral blood of patients with 
ANCA-associated vasculitis (Brouwer et  al., 1994; Griffith et  al., 
1996; Popa et  al., 2002). However, no clear association between 
these findings and disease activity has been found, nor have these 
antigen-specific cells been isolated from vasculitic lesions. As the 
predominant type of T cells is CD4+, it is possible that these cells 
mainly are responsible for antigen specific B-cell help, a concept 
entirely compatible with the IgG-class high-affinity type of autoan-
tibodies that ANCA are.
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More recent work provides additional evidence for an important 
role of T-cell-driven immune responses in ANCA-associated vas-
culitis and has documented changes in the frequency and function 
of circulating T-cell populations (Berden et al., 2009). Proportions 
of CD4+ effector memory T cells (CD4+TEM) were shown to be 
increased in ANCA vasculitis patients in remission but decreased 
during active disease (Abdulahad et al., 2006). At the same time, 
analysis of the urinary sediment showed a remarkable increase in 
CD4+TEM during active disease again decreasing or even disap-
pearing during disease remission (Abdulahad et al., 2009). These 
changes are compatible with migration of CD4+TEM to inflamed 
tissues including the kidney. Interestingly, CD4+TEM display fea-
tures similar to natural killer (NK) cells including surface expres-
sion of the receptor NKG2D and cytotoxic capacity. The NKGD2 
molecule is an activating C-type lectin-like receptor and one of 
its ligands is the major histocompatibility complex class-I chain 
related molecule A (MICA). MICA is expressed upon cellular stress 
and injury in various cell types and has been detected in peritu-
bular endothelium and glomerular epithelium in renal lesions of 
ANCA-associated vasculitis patients (Capraru et  al., 2008). The 
interaction between NKGD2 and MICA has been demonstrated 
to mediate cytotoxicity in vitro suggesting that such a mechanism 
may contribute to tissue injury in ANCA-associated vasculitis 
(Abdulahad et al., 2009).

Natural T regulatory cells (Treg) are a subset of CD4+ T cells that 
express high levels of CD25 and the unique transcription factor 
FOXP3. These cells are important in controlling immune system 
activation and maintaining tolerance to self-antigens. Reductions 
in the numbers of Treg cells or defects in their suppressive func-
tion have been demonstrated in several autoimmune diseases. In 
patients with GPA, numbers of Treg cells are unchanged but Treg 
cells fail to suppress T-cell proliferation in response to PR3 indicat-
ing functional impairment (Abdulahad et al., 2007; Morgan et al., 
2010). In contrast, in microscopic polyangiitis patients Treg cell 
function is not defective but diminished FOXP3 levels have been 
detected (Chavele et al., 2010). Thus, disturbances in the propor-
tions and/or function of Treg cells may contribute to the initiation 
and persistence of the autoimmune response in ANCA-associated 
vasculitis.

Th17 cells are a recently defined Th cell subset characterized 
by secretion of IL-17A and other cytokines including IL17F, 
IL-21, and IL-22. Th17 cells have gained considerable inter-
est as an important pathogenic effector subset contributing to 
inflammation and autoimmunity. In ANCA vasculitis patients in 
remission, a skewing towards Th17 cells and a relative increase 
in auto-antigen specific Th17 cells following in vitro stimulation 
has been reported suggesting a role for Th17 cells in autoanti-
body production (Abdulahad et al., 2008). Moreover, increased 
serum IL-17A levels have been detected in ANCA vasculitis 
patients compared to healthy controls (Nogueira et  al., 2010). 
Of particular interest for ANCA-associated vasculitides are 
the pro-inflammatory effects of IL-17A which induces mobili-
zation, recruitment, and activation of neutrophils and stimu-
lates macrophages to produce IL-1β and TNF-a (Kitching 
and Holdsworth, 2011). These pro-inflammatory effects sug-
gest that IL-17A may directly contribute to the acute vascular 
inflammatory response in ANCA-associated vasculitis which 
is supported by the observation that IL-17A deficient mice are 
protected from disease development in a model of autoimmune 

anti-MPO-mediated glomerulonephritis (Gan et al., 2010). The 
association of PR3-ANCA-positive GPA with increased nasal 
carriage of Staphylococcus aureus seems to further strengthen the 
importance of Th17 responses in disease pathogenesis. Intranasal 
injection of peptidoglycans from S.  aureus has been shown to 
skew the immune response towards a Th17 phenotype whereas 
S. aureus derived superantigens can induce expansion and IL-17 
production in CD4+ T cells (Abdulahad et al., 2009). This sug-
gests that S.  aureus infection may drive the Th17 response in 
ANCA-associated vasculitis.

An emerging concept that may underlie the aberrant Th-cell 
polarization in ANCA-associated vasculitis is T-cell lineage plas-
ticity. In a proinflammatory environment, functional Treg cells 
have been demonstrated to convert into IL17 producing Th17 
cells which could explain the observed defective Treg function in 
conjunction with Th17 skewing in ANCA-associated vasculitis 
(Abdulahad et al., 2011).

Giant cell arteritis and other primary vasculitides
In the large vessel vasculitides, a role for T-cell mediated immune 
response is also suggested although most evidence is circumstantial. 
The most common form is giant cell arteritis, its name derived from 
the presence of many Langerhans giant cells in the lesions. The vas-
culitis, involving large muscular arteries with a predilection for the 
temporal artery, is characterized by a granulomatous inflammatory 
reaction within the medial vessel wall with accumulation of CD4+ 
T-cells, macrophages, multinucleated giant cells, and disruption of 
the internal elastic lamina (Weyand and Goronzy, 1999). The pre-
dilection of the disease for white people from northern European 
countries and northern areas in the United States suggests that 
besides environmental factors, genetic factors are also involved. 
HLA-typing has shown an association with class  II HLA-DR4 
and with HLA-DRB1 alleles, particularly with DRB*0401, *0404, 
and *0408, which points to the involvement of antigen-specific T 
lymphocytes in the pathogenesis and is in line with the predomi-
nance of CD4+ T-cell involvement seen in this disease. Clonally 
expanded T-cells, as detected by T-cell receptor β chain analysis in 
biopsies from involved temporal arteries, have been found at dif-
ferent sites in the biopsy but not in the peripheral blood. In vitro 
some of these T-cell clonotypes showed proliferation when incu-
bated with monocytes pulsed with temporal artery extracts from 
patients but not with extracts from control temporal arteries (Brack 
et al., 1997). These data point to an (auto) antigen-specific T-cell 
response in which a modified antigen present in diseased arteries 
may be involved. Actinically degenerated elastic tissue has been 
suggested as the relevant autoantigen, although characterization of 
the precise antigenic structures and their modification(s) has not 
been accomplished.

Viral or bacterial infections have also been implicated in trig-
gering the disease as temporal associations of giant cell arteritis 
with parvovirus B19 infection, parainfluenza type I  infection, 
influenza vaccination, and Chlamydia pneumoniae infection have 
been described and parvovirus B19 and Chlamydia pneumoniae 
DNA have been found in diseased arteries (Levine and Hellmann, 
2002). Analysis of cytokine patterns in biopsies from patients with 
giant cell arteritis shows mRNA expression of IL-2 and IFN-γ as 
well as IL-1β but not of IL-10 (Weyand et al., 1997). Similar to the 
ANCA-associated small vessel vasculitides, the Th17 axis has been 
implicated in giant cell arteritis (Deng et al., 2010). Proportions of 
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Th17 cells were substantially increased in the peripheral blood of 
untreated giant cell arteritis patients and accumulate in vascular 
lesions. In both compartments increased frequencies of IFN-γ pro-
ducing Th1 cells were detected as well. Interestingly, following cor-
ticosteroid therapy of the same patients, Th1 cells persisted whereas 
Th17 cells were almost undetectable in lesions and peripheral 
blood. Thus, in giant cell arteritis at least two Th cell lineages are 
activated suggesting that multiple triggers are involved in disease 
pathogenesis (Weyand et al., 2011).

In contrast to giant cell arteritis, the infiltrate in Takayasu arteri-
tis predominantly consists of CD8+ and natural killer (NK) T cells, 
which is in line with the finding that the disease is associated with 
HLA class I antigens of the B-locus and not with class II antigens. 
Moreover, the T-cell receptor a- and β-chains of these infiltrating 
cells show a restricted use of variable genes, which is similar within 
the lesions (Seko, 2002). These data suggest that the infiltrating cells 
are directed against a specific antigen.

As some have found an association with responses to 
Mycobacterium tuberculosis, especially heat-shock protein (HSP)-
65, the hypothesis that contact with mycobacteria may elicit the 
disease in susceptible individuals has been put forward. Further 
evidence for a cytotoxic T-cell response in the pathogenesis of 
Takayasu arteritis is found in an animal model in pigs in which 
granulomatous large vessel vasculitis strongly resembling Takayasu 
arteritis is induced by a cytotoxic T-cell response following gene 
transfer of a foreign HLA class  I  antigen to the vessel (Nabel 
et al., 1992).

Thus, T-cell mediated autoimmunity seems to underlie giant cell 
arteritis and Takayasu arteritis, although the relevant autoantigen(s) 
and epitopes, whether or not constitutive or modified proteins, are 
not identified. The disruption of vascular structures and expression 
of growth factors like platelet-derived growth factor (PDGF)-A 
and -B, and tumour growth factor (TGF)-β by the inflammatory 
infiltrate will lead to aneurysmatic dilatation and migration and 

proliferation of myofibroblasts in the intima and media with subse-
quent fibrosis and stenosis.

In other forms of primary vasculitis, T cells may be involved, but 
how and to what extent is unclear. In Kawasaki disease the infiltrate 
in small and medium-sized vessels is predominantly mononuclear. 
Some have suggested an association of this disease with certain 
HLA class  II antigens, but this could not be confirmed by oth-
ers. Likewise, data compatible with massive, antigen unrestricted, 
T-cell stimulation by superantigens from Staphylococcus spp. and 
Streptococcus spp. have been reported in this disease, but others 
failed to confirm this association. Again, the Th17 axis appears to 
be involved since increased proportions of Th17 cells in conjunc-
tion with decreased proportions of Treg cells has been reported (Jia 
et  al., 2010). In polyarteritis nodosa, the inflammatory vascular 
infiltrate predominantly consists of CD8+ T cells and macrophages 
suggesting cell-mediated immune mechanism in the pathogenesis 
of this disease (Panegyres et al., 1990). The precise role of these cells 
and the antigen or antigens against which these cells are directed 
are not known.

General discussion
Despite clear advances made in the last decades, the pathogenesis 
of vasculitis is not fully understood. General patterns of involve-
ment of both the innate and adaptive immune system have been 
found and allow categorizing of the inflammatory response of the 
vasculitic syndromes as primarily immune complex mediated, 
autoantibody mediated, or T-cell mediated (Table 158.5). From 
the pathophysiology of the different syndromes discussed above 
it is clear that this pathophysiological distinction in three groups 
is a gross oversimplification. In many forms of vasculitis differ-
ent types of immune responses are concurrently or sequentially 
operative. The proof that autoantibodies or autoreactive T cells 
are definitely the cause of vasculitis is for most vasculitic diseases 

Table 158.5 Immune response pathways presumed to be involved in the pathogenesis of primary systemic vasculitis

Vasculitic syndrome Immune 
complexes

Autoantibodies (Auto-)reactive 
T-cells

Known 
autoantigens

Complement

Giant cell arteritis – – + – –

Takayasu arteritis – +/– + – –

Polyarteritis nodosa +a – +/– – –

Kawasaki syndrome – +/– +/– – –

Microscopic polyangiitis – ++ +/– + ±

Granulomatosis with 
polyangiitis

– ++ +/– + ±

Churg–Strauss syndrome – + – – –

Henoch–Schönlein purpura ++ – – – +/–

Essential cryoglobulinaemic 
vasculitis

++ – – – +

Cutaneous leucocytoclastic 
angiitis

++ – – – +

– = not involved in pathogenesis; +/– = potentially involved, but maybe only in effector phase; + = likely to be involved; ++ = involved in pathogenesis.
a In hepatitis B-associated case.
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absent. Furthermore, the antigens to which the autoreactive B- 
or T-cell response is directed are either not characterized or are 
tissue non-specific structures that are ubiquitously present. As 
vasculitic diseases are infrequent, it is clear that very specific cir-
cumstances have to be met with respect to the antigens, modified 
or not, and the response to these antigens. Likewise, the seem-
ingly more elucidated pathogenesis of immune complex vasculitis 
is not understood, as the factors resulting in excessive immune 
complex formation and especially the fact that only a minority of 
these complexes result in vasculitis is concerned. How this occurs 
in a given patient at a given time is currently unclear. Models 
using inbred or genetically manipulated animals have provided 
proof of concept for some pathophysiological hypotheses like 
the role of cytotoxic T-cells in granulomatous large vessel vas-
culitis, immune complex mediated vasculitis, and ANCA-related 
vasculitis.
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CHAPTER 159

The patient 
with vasculitis: clinical aspects
Alan D. Salama

Overview
Primary systemic vasculitis is a term that encompasses a number 
of diverse immune-mediated clinical conditions, characterized 
by vessel inflammation, many of which can affect the kidney and 
lead to significant renal impairment. The most common cause of 
renal involvement is due to small vessel vasculitis, most of which 
is associated with circulating antineutrophil cytoplasmic antibody 
(ANCA) and features necrotizing inflammation of small blood 
vessels, within and outside the glomerulus. However, other vascu-
litides, involving medium- or large-sized vessels, such as polyarte-
ritis nodosa (PAN), and Takayasu arteritis may also lead to renal 
involvement, through renal ischaemia.

The systemic vasculitides are idiopathic and thus differentiate 
them from other secondary forms of vasculitis, induced by drugs, 
infections, or malignancies, which in certain circumstances may 
also be associated with ANCA—leading to some diagnostic diffi-
culties. Renal involvement from vasculitis has a significant impact 
on patient outcome, with increasing degrees of renal impairment 
being associated with greater mortality. Early diagnosis and timely 
treatment is therefore critical for improving patient outcomes. 
Patients often present due to extrarenal symptoms, while those with 
renal-limited forms of disease may present later with more estab-
lished renal damage.

Small vessel vasculitis
Primary small vessel vasculitis affecting the kidney may result from 
four diverse clinical syndromes: granulomatosis with polyangiitis 
(GPA, formerly Wegener’s granulomatosis), microscopic polyangii-
tis (MPA), eosinophilic granulomatosis with polyangiitis (EGPA, 
formerly Churg–Strauss syndrome), or renal-limited vasculitis, 
which can be considered a form of MPA. These conditions have 
different patterns and frequencies of extrarenal involvement, but 
all can manifest as a pauci-immune focal segmental necrotizing 
glomerulonephritis that cannot be easily differentiated one from 
another histologically. In addition, anti-glomerular basement 
membrane (GBM) or Goodpasture disease is also a small vessel 
vasculitis, but will not be dealt with in this chapter.

It is important to note that secondary causes of vasculitis may 
exist—precipitated by infection (bacterial endocarditis, viral infec-
tions), malignancies, or drugs (such as cocaine or propylthiouracil). 
In some secondary cases, ANCA may also be detected, producing 
some diagnostic difficulty, but titres are often lower than in subjects 

with primary systemic vasculitides (Falk et al., 1990) or in an unusual 
pattern such as with specificity for both proteinase 3 (PR3) and mye-
loperoxidase (MPO) (Malle et al., 2000; Popa et al., 2002; Mansfield 
et  al., 2011). It is therefore essential to exclude secondary causes, 
based on history and certain clinical features (Table 159.1) before 
initiating immunosuppression. Treatment of the aetiological factor 
in secondary cases can frequently lead to disease resolution without 
immunosuppression and with subsequent loss of ANCA positivity.

Classification
The vasculitides were originally classified according to criteria 
established by American College of Rheumatology (ACR) which 
considered seven different vasculitic syndromes, but excluded 
MPA (Fries et al., 1990). Subsequently, the Chapel Hill Consensus 
Criteria (CHCC) (Jennette et al., 1994) defined a nomenclature for 
the vasculitic syndromes including MPA and renal-limited vascu-
litis, mostly based on the size of vessel involved, but these were not 
intended for disease classification. More recently, the Chapel Hill 
Consensus has been updated (Jennette et al., 2012) using the new 
terminology, without eponyms for the small vessel diseases, incor-
porating ANCA, and new categories of disease such as variable 
vessel vasculitis (affecting any vessel size, such as Behçet disease). 
There have been other systems applied for classification of cohorts 
of ANCA-associated vasculitis (AAV) patients, which include 
the European Medicines Agency criteria (Watts et al., 2007). The 
European Medicines Agency criteria provided an algorithm for 
classification of all the small vessel vasculitides, including GPA, 
EGPA, and MPA.

A recent genome-wide association study (GWAS) has dem-
onstrated a clear genetic differentiation between patients with 
PR3-ANCA and MPO-ANCA (Savige et al., 1999) (see ‘Genetics’), 
which mirrors the known differences in clinical pattern that are 
found between patients with these two antibodies, suggesting that 
separating the conditions by clinical criteria may be less useful than 
considering the immunological response generated and genetic 
background, to better understand the underlying pathological pro-
cesses and disease features. Indeed, with regards relapse, classify-
ing patients based on ANCA specificity is a better predictor of flare 
compared to other methods of disease classification (Lionaki et al., 
2012). The incorporation of ANCA specificity with other clinical 
features may be a preferred basis for classifying these conditions, 
rather than the traditional constellation of clinical signs or symp-
toms. This was the approach taken by the combined French and 
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European vasculitis study groups who suggested a new subclassifi-
cation of patients with GPA or MPA, based on phenotypes which 
incorporated ANCA (Mahr et al., 2012). These authors used clus-
ter analysis to define five different subgroups of patients which had 
disparate outcomes and relapse rates, placing patients into one of 
the following categories: renal AAV with PR3-ANCA, renal AAV 
without PR3-ANCA, non-renal AAV, cardiovascular AAV, and gas-
trointestinal AAV. In future, consideration of ANCA subtypes in 
addition to the clinical phenotype seems highly appropriate to best 
define the patient’s disease course.

Critically, similar clinical features may occur in the absence of 
ANCA, such as cases of ANCA-negative EGPA (in almost 40% 
of cases), GPA (in 30% of limited disease), or renal-limited vas-
culitis which makes up almost 10% of patient cohorts present-
ing with renal disease; although these patients have not been 
assessed with regard to genetic susceptibility, in the same way as 
the ANCA-positive cohorts, they are generally considered within 
the AAV and managed in a similar manner to their ANCA posi-
tive counterparts. In EGPA, there appear to be phenotypic differ-
ences in those with or without ANCA, the former presenting with 
renal disease and polyneuropathy more often, while the latter may 
present more commonly with cardiovascular involvement (Morgan 
et al., 2011). Further work is needed to understand the basis behind 
these phenotypic variations and large cohorts are being assembled 
through various consortia to initiate genotype-phenotype analyses 
in different clinical groups.

Epidemiology
Small vessel AAV is commonest in adult, white patients, with a 
mean age of 60–75 from most series (Ntatsaki et al., 2010), with 
no significant female preponderance. Increasingly it is recognized 
in very elderly (> 80 years old) patients in whom it can account for 
almost 20% of cases biopsied for acute kidney injury (Moutzouris 
et  al., 2009). Overall incidence and prevalence appears to vary 

depending on the clinical syndrome and the country of origin 
(Table 159.2), but combined incidence of 15–20 cases/million/
year and prevalence of 100–400 cases/million are reported. Clearly, 
percentages of different syndromes in these series will also depend 
on how the conditions were classified. Geographical variations are 
reported in clinical phenotype and immunological reactivity, with 
GPA predominating in Northern Europe and MPA commoner in 
Southern Europe. In Japan, although the overall incidence of AAV 
is similar to that found in parts of the United Kingdom (Fujimoto 
et al., 2011), MPA predominates (constituting 83% of AAV) while 
many patients with GPA are found to have anti-MPO antibodies 
demonstrating a different epidemiological pattern to that found in 
Europe and Northern America. Similar findings are reported from 
Chinese cohorts (Chen et al., 2010). Additionally, demographic dif-
ferences were found between Japanese and British cases with the lat-
ter being younger at presentation (Fujimoto et al., 2011). Data from 
one French urban series, found that patients with non-European 
ancestry, mainly from North Africa, made up 14–38% of patients 
with GPA, MPA, and EGPA, although this was a small cohort of 
only 45 patients with AAV (Mahr et al., 2004). Although reported 
in Afro-Caribbean patients, the overall incidence is low, with a 
prevalence of 4.1% of a cohort of 465 patients from a large London 
teaching hospital (A. Tanna et al., unpublished data) and with a 
slightly higher prevalence in an equal sized US-based cohort in 
which African American patients made up 13% of a cohort of 449 
AAV collected by the Glomerular Disease Collaborative Network 
in North America (Cao et al., 2011). European white people are 
reported to have almost double the prevalence compared to New 
Zealand Maoris or New Zealander Asians (O’Donnell et al., 2007). 
Other ethnic susceptibility exists, with patients from the Indian 
subcontinent making up 13% of a large London cohort (A. Tanna 
et  al., unpublished data), while there are significant cohorts of 
AAV patients reported from China (Chen et al., 2010) and India 
(Shankarkumar et al., 2005).

Table 159.1 Features of secondary small vessel systemic vasculitis

Provoking factor Condition ANCA association Key features References

Infectious Infective endocarditis, chronic 
viral hepatitis

Yes, common, may be dual positivity to 
PR3 and MPO

Hypocomplementaemia, bacterial 
cultures or viral serology

Falk et al., 1990; Popa et al., 
2002; Mansfield et al., 2011

Malignancy Lymphoma,

solid organ malignancies

Recognized, but not frequent. ANCA 
positivity without evidence of vasculitis 
reported in certain haematological 
malignancies

Clinical history. Care as malignancies 
may often be diagnosed soon after 
ANCA vasculitis diagnosis and may 
not be clearly causally related

Falk et al., 1990; Shaw et al., 
1992; Dhaygude et al., 2004

Drugs Propylthiouracil carbimazole, 
cocaine

Yes, frequent, dual positivity to PR3 and 
MPO

Drug history, drug screening Schlesier et al., 1995; Malle 
et al., 2000; Voth et al., 2009

Autoimmune 
diseases

Rheumatoid arthritis, systemic 
lupus erythematosus

Yes, unusual Autoantibody screen, complement 
levels

Kerkar et al., 2011

Table 159.2 Incidence and variation of disease subtype reported from around the world

Annual incidence per million 
population

UK USA Spain Sweden Norway Greece Japan

Granulomatosis with polyangiitis 10.8 8.6 4.8 9.8 8 6.6 0

Microscopic polyangiitis 5.1 2.9 7.9 2.5 2.7 10.2 14.8
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Genetics
Genetic predisposition has long been suspected in AAV based on 
infrequent cases of familial disease, and following results of genetic 
polymorphisms found in small cohorts of patients. These polymor-
phic traits suggested that disease susceptibility was due to a num-
ber of common variants, each contributing a small amount to the 
overall susceptibility. Numerous immune gene variations have been 
implicated in susceptibility, as they are found in patients and not 
in control subjects, these include particular human leucocyte anti-
gen (HLA) complex alleles, cytokines (such as interleukin (IL)-2, 
IL-10), other immune regulatory genes (such as CTLA4, Fc recep-
tors), and anti-inflammatory genes (such as alpha 1 antitrypsin) 
(reviewed in Willcocks et al., 2010). In addition, the autoantigen 
PR3 has been implicated in cases of GPA, and its membrane-bound 
form was found to be upregulated in patients with GPA, and geneti-
cally regulated (Schreiber et al., 2003; von Vietinghoff et al., 2006).

Most recently a large European consortium conducted a GWAS 
which analysed > 1200 white, British patients with GPA or MPA 
compared with a matched healthy control population, and verified 
their findings from this discovery cohort in a validation cohort of 
over 1400 white, Northern European patients and similar numbers 
of controls (Abdulahad et al., 2009). GPA and MPA appeared to 
be genetically distinct, with separate HLA and non-HLA associ-
ated genetic risk factors. GPA was associated with HLA-DP, PR3, 
and alpha-1 antitrypsin, while MPA was associated with HLA-DQ; 
since there were many more GPA patients there may be other 
genetic risk factors for MPA which were not found due to lack of 
statistical power and further cases need to be analysed. Some of the 
previously reported associations from cohort studies did not reach 
levels of significance for GWAS and were therefore not validated in 
this study (Abdulahad et al., 2009).

Renal pathology
AAV leads to a pauci-immune, focal necrotizing glomerulonephri-
tis (FNGN) with crescents (Fig. 159.1) and in a proportion of cases 
a marked tubulointerstitial nephritis. Less commonly a necrotiz-
ing arteritis is also seen, in 10–30% of cases (Stassen et al., 2008). 
Peri-glomerular accumulation of macrophages, neutrophils, and 
lymphocytes is common, and these peri-glomerular granulomas 
are found in all forms of AAV, while true interstitial granuloma are 
significantly rarer, but are almost uniquely found in GPA (Stassen 
et al., 2008). Clinical syndromes cannot be distinguished based on 
the renal biopsy findings since all three syndromes share a similar 
histological pattern, although EGPA biopsies may contain a pre-
dominant eosinophilic infiltrate. The degree of sclerosis and chronic 
damage may be greater in patients with MPA or renal-limited dis-
ease, and this is reflected in the presenting serum creatinine and 
long-term renal outcome (Tomasson et al., 2012). Pauci-immune 
FNGN is one of the most common diagnoses in patients present-
ing with acute kidney injury (Fig. 159.2), especially in the elderly, 
where it constituted just under 20% of findings in patients older 
than 80  years, who underwent renal biopsy (Moutzouris et  al., 
2009). In patients enrolled in European Vasculitis Study Group 
(EUVAS) trials, renal outcomes appeared to depend on the sever-
ity of the glomerular lesions and the degree of glomerular sclerosis 
found on renal biopsy (Berden et al., 2010), with the best outcome 
in those who had predominant focal necrotizing lesions and the 
worst in those with mainly sclerotic lesions, and this formed the 
basis of a new histological classification system (Table 159.3). 

Attempts to replicate these original findings in patients outside the 
context of clinical trials have mostly led to agreement with regard 
to the worst and best outcomes, found in sclerotic and focal classes 
respectively, but demonstrated variations in outcome in those with 
crescentic or mixed classes, suggesting that the mixed class may be 
too heterogenous or that other factors related to treatment may be 
critical in determining outcome (Chang et al., 2012).

Clinical features
The clinical features of the small vessel vasculitides vary depend-
ing on the constellation of organs involves, and this presentation 
may be highly variable, creating a diagnostic challenge. However, 
systemic constitutional features are frequent and may have been 
present for weeks or months prior to diagnosis, unlike anti-GBM 
disease. Constitutional symptoms include malaise, lethargy, fever, 
myalgia, arthralgia, anorexia, and in some cases marked weight 
loss. In recent clinical trials, between 56% and 66% of patients had 
such constitutional symptoms at presentation (Stone et al., 2010), 
while by contrast, skin involvement, most commonly with a pur-
puric rash or skin ulceration, was only found in 16–30% of patients 
(Stone et al., 2010; De Sousa et al., 2012) and mucous membrane or 
ocular involvement (Fig. 159.3) in 26% (Table 159.4). At presenta-
tion there is generally more than one organ system involved (Jones 
et al., 2010) and although any system can be involved, commonly 
these include the renal, respiratory (Fig. 159.4), neurological, and 
ear, nose, and throat (ENT) systems, with abdominal and cardio-
vascular involvement being generally less frequent (Stone et  al., 
2010). Pulmonary involvement is frequent and varied in presenta-
tion with pulmonary haemorrhage (Pepper et al., 2013), pulmonary 
fibrosis (Arulkumaran et al., 2011), granulomatous lung nodules 
(Travis et al., 1991), or asthma. The exact proportion of patients 
presenting with particular organ involvement in reported cohorts, 
will be influenced by geographical location (see ‘Epidemiology’), 
the specialist service to which the patient was referred and the 

Fig. 159.1 Photomicrograph of a single glomerulus from a patient with AAV 
demonstrating segmental fibrinoid necrosis and thrombosis, tuft disruption, and 
an early cellular crescent (×400; haematoxylin and eosin).
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precise clinical syndrome they have. For example, cardiac disease 
is significantly more common in ANCA-negative EGPA than in 
either MPA or GPA (Stone et al., 2010; Morgan et al., 2011), while 
ENT involvement is more frequent in Northern European patients, 
who commonly present with GPA. Combined data from a num-
ber of EUVAS trials and European cohorts demonstrate the almost 
ubiquitous renal involvement in MPA, the predominant ENT and 
respiratory tract involvement in GPA, and the common neurologi-
cal involvement in EGPA (Fig. 159.5). Overall the kidney remains 
the commonest organ affected and the most important with regard 
to patient outcomes, which is influenced by the degree of renal 
impairment at presentation and its response to therapy. Without 
extrarenal involvement, diagnosis of AAV may be delayed, and at 
the time of diagnosis patients may already have advanced renal 
impairment. The combination of renal impairment and pulmo-
nary haemorrhage occurs in 25% of cases of AAV and is one of the 
commoner causes of pulmonary-renal syndrome (Fig. 159.6). The 
majority of patients with pulmonary haemorrhage have accompa-
nying rapidly progressive glomerulonephritis, and the mortality in 
this group is extremely high (Pepper et al., 2013). Venous thrombo-
embolic disease occurs in a proportion of patients at presentation 
related to the systemic inflammation (Mistry et al., 1996; Merkel 
et al., 2005; Stassen et al., 2008), and in some cases may coexist 
with haemorrhagic features (found in 20% of patients with pulmo-
nary haemorrhage) (De Sousa et al., 2012), complicating disease 
management.

In some cases, medium and larger vessel involvement may 
occur with AAV and such overlap results in a wider array of clini-
cal manifestations, such as prominent abdominal pain in patients 
who have overlapping medium vessel involvement (such as PAN) 
or headaches and polymyalgia symptoms in those with large vessel 
involvement (such as in giant cell arteritis). However, the disease is 
generally classified according to the smallest vessel involved.

Disease relapses are common (in 38% of > 500 patients enrolled 
in EUVAS trials) and occur more commonly in PR3-ANCA associ-
ated disease, in those with cardiovascular disease, and less in those 
with presenting creatinine of > 200 μmol/L (Walsh et al., 2012). 
Predicting relapses in individuals is difficult, with rising ANCA 
titres conferring only a likelihood risk of 2.8 (Tomasson et  al., 
2012). However, a particular CD8 T-cell signature appears to be 
able to separate populations at risk (McKinney et al., 2010), while 
other biomarkers such as serum calprotectin levels may also predict 
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Fig. 159.2 Graph demonstrating the incidence of different renal pathologies in renal biopsies from adults taken for acute kidney injury.
NV: necrotizing nephritis; CGN: crescentic glomerulonephritis; anti-GBM: anti-glomerular basement membrane glomerulonephritis; ATIN: acute tubulo-interstitial 
nephritis; ATN: acute tubular necrosis; SLE: systemic lupus erythematosus; MM: multiple myeloma; PIGN: post infectious glomerulonephritis; TMA: thrombotic 
microangiopathy; HSP: Henoch-Schönlein purpura; IgA: IgA nephropathy.
Adapted from Schena et al. (1997) and Haas et al. (2000).

Table 159.3 Berden-EUVAS renal biopsy classification 
of ANCA-associated glomerulonephritis

Class Diagnostic criteria (according to)

Focal ≥ 50% normal glomeruli

Crescentic ≥ 50% glomeruli containing cellular crescents

Sclerotic ≥ 50% glomeruli with global sclerosis

Mixed < 50% glomeruli normal, < 50% crescentic, < 50% sclerotic

Required for inclusion in any one of these four classes, ≥ 1 glomerulus with necrotizing or 
crescentic glomerulonephritis on light microscopy and a pauci-immune staining pattern 
on immunofluorescence.

Adapted from Berden et al. (2010).

Fig. 159.3 CT of the orbits in a patient with granulomatosis with polyangiitis 
demonstrating extraocular granulomatous infiltration on the right (left hand side 
of the illustration) which is encasing and compressing the optic nerve.
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relapse in early systemic disease (Pepper et al., 2013), but all these 
biomarker studies need to be replicated and tested prospectively in 
other populations before they can be recommended for clinical use.

Investigations
Making a diagnosis of AAV requires a combination of clinical, 
serological, radiological, and histological features. Depending on 
the combination of these, one may have lesser or greater diagnostic 
confidence. A high index of suspicion is often required to make a 
diagnosis of AAV as early clinical features may be non-specific and 
may mimic numerous infectious or inflammatory diseases. Careful 
history taking with emphasis on other possible vasculitic symp-
toms (Table 159.4) is critical as patients may often not volunteer 
certain symptoms which they think unrelated or which have been 
longstanding.

Serological testing for ANCA is performed by immunofluores-
cence and confirmed by enzyme-linked immunosorbant assay 

(ELISA) which also defines the antigenic ANCA target, as PR3 or 
MPO (Fig. 159.7), which has significant implication for outcome 
and management. Other ANCA targets (such as elastin, lactoferin, 
and bactericidal/permeability-increasing protein) have generally not 
been associated with primary systemic vasculitis. Recommendations 
are that ANCA screening be performed by immunofluorescence 
and confirmed in those positive by ELISA (Savige et al., 1999). New 
ELISA techniques with captured or immobilized antigen demon-
strate increased sensitivity and require further study as to whether 
these can provide greater information regarding disease pathogene-
sis or outcomes (Csernok et al., 2004). Recently the potential impor-
tance of immunoglobulin A (IgA) ANCA, found in 30% of GPA 
patients, in mediating upper airway manifestations has also been 
highlighted (Kelley et al., 2011). ANCA may precede clinical diag-
nosis of AAV (Olson et al., 2011) and a period of careful observation 
and follow-up may be required in some patients who have minor 
symptomatology to exclude development of AAV. Using affinity 
(PR3 or MPO antigen) purified immunoglobulin, ANCA positivity 
was found in healthy controls’ sera (Cui et al., 2010). These ANCAs 
were of significantly lower affinity than those from AAV patients 
and were not positive by conventional assays. Such data suggest that 
there is some loss of tolerance to these self-antigens, but that below 
a particular threshold, this autoreactivity is of no consequence as 
it does not lead to disease. These findings are reminiscent of other 
autoantigens to which degrees of cellular and humoral immunity 
may be found in healthy individuals.

ANCA positivity by conventional ELISA in a patient with renal 
disease and urinary abnormalities has a 95% positive predictive 
value for diagnosing AAV. However, there can be an overreliance 
on serological testing at the expense of histological confirmation 
of disease. More widespread use of ANCA testing in patients with 
a lower pre-test probability of AAV can result in a mistaken belief 
that the underlying disease is AAV. Indeed, ANCA immunofluores-
cence or even PR-3 ANCA ELISA positivity may occur in patients 
with other vasculitis mimics or secondary vasculitis syndromes, 
such as infectious endocarditis or viral disease, that can also pre-
sent with renal impairment—but can be distinguished on renal 
biopsy findings (Falk et al., 1990).

In addition, even in patients with AAV, renal deterioration is 
not always due to recurrent pauci-immune glomerulonephritis, 
but may rarely be due to a drug-related tubulointerstitial nephritis, 
necessitating a renal biopsy to confirm the diagnosis (Salama et al., 
2008). Renal biopsy is also essential for the 5–10% of patients who 

Table 159.4 Clinical features in ANCA-associated vasculitis

Organ system Symptoms and signs

General Fever, myalgia, arthralgia

Skin/mucous 
membranes

Purpura, ulceration, infarct, gangrene, mouth or genital 
ulcers

Eye Proptosis, episcleritis, scleritis, uveitis, blepharitis, keratitis, 
conjunctivitis

ENT Epistaxis, nasal crusts, nasal polyps, nasal collapse, sinusitis, 
stridor, hoarseness, tracheal stenosis, hearing loss, otitis 
media. Rarely: aural chondritis

Respiratory Breathlessness, cough, wheeze, haemoptysis, pulmonary 
nodules, pleural effusions, pleuritis, pulmonary fibrosis

Cardiovascular Ischaemic chest pain, pericarditis, cardiomyopathy, valvular 
disease

Renal Renal impairment, haematuria (macro- or microscopic) and 
proteinuria. Rarely: nephrotic syndrome, interstitial nephritis 
without glomerulonephritis

Neurological Headaches, mononeuritis multiplex, peripheral neuropathy, 
cerebrovascular disease, meningitis, seizures, confusion

Abdominal Pain, bloody diarrhoea, weight loss, peritonitis

(A) (B)

Fig. 159.4 (A) Chest radiograph and (B) CT of a patient with granulomatosis with polyangiitis demonstrating multiple cavitating lung nodules.
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are ANCA negative but have an indistinguishable disease with a 
pauci-immune focal necrotizing or crescentic glomerulonephritis 
as well as a proportion of patients who may have overlap syndromes 
(such as with anti-GBM disease, IgA glomerulonephritis, or sclero-
derma) in whom varied renal pathology may be expected and may 
inform management decisions. In those patients with predominant 

extrarenal disease, the finding of microscopic haematuria and/or 
proteinuria may prompt renal biopsy, and in many there will be evi-
dence of a glomerulonephritis, however, in the absence of urinary 
abnormalities there is a low probability of finding renal vasculitis 
on biopsy. For a biopsy to confidently exclude a focal necrotizing 
process it has to be of sufficient size and for classification purposes a 
minimal sample size of 10 glomeruli was required, although 20 glo-
meruli provides a greater degree of diagnostic certainty that a focal 
process was not missed (Corwin et al., 1988). Sampling size and the 
focal nature of disease means that decisions to treat should not be 
made on the basis of the renal biopsy alone, as even with a sclerotic 
class, following treatment, 50% of patients had independent renal 
function at 5 years (Berden et al., 2010).

Other organs may yield positive biopsy findings to allow the 
diagnosis to be established (such as from lung nodules or nerve 
biopsies), however, biopsies from the retro-orbit, nasal mucosa, 
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Fig. 159.5 Radar plot of the presenting features of patients with MPA, GPA, and EGPA from European Vasculitis Study Group and French Vasculitis Study Group 
cohorts. EGPA lung involvement excludes asthma, found in 95.7% of patients.
GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: eosinophilic granulomatosis with polyangiitis.
Adapted from Sinico et al. (2006) and Mahr et al. (2013).

Fig. 159.6 Chest radiograph of a patient with MPO-ANCA associated vasculitis 
and pulmonary haemorrhage, demonstrating widespread intra-alveolar 
shadowing. Pulmonary haemorrhage may be confirmed by bronchoscopy or lung 
function tests where volume corrected gas transfer coefficient (KCO) is > 120% 
predicted.

Table 159.5 Clinical syndromes of ANCA-associated vasculitis

Syndrome Key features

Granulomatosis 
with polyangiitis

Granulomatous inflammation of upper and lower 
respiratory tract. Sinusitis, nasal crusts, epistaxis, saddle 
nose deformity, pulmonary nodules, pulmonary 
haemorrhage, retro-orbital granuloma, subglottic stenosis. 
Renal involvement in 70–80% cases

Microscopic 
polyangiitis

Renal disease in 90–95% cases (100% of renal-limited 
vasculitis), pulmonary haemorrhage, pulmonary fibrosis, 
cutaneous and constitutional symptoms

Eosinophilic 
granulomatosis 
with polyangiitis

Asthma or nasal polyps

Eosinophilia

Myalgia, mononeuritis multiplex, cardiovascular 
involvement (40–50%), renal disease in 25% cases
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subglottis, or sinuses frequently only reveal chronic inflammatory 
changes.

Other organ involvement may require specific investigations to 
be carried out, such as nerve conduction studies (for mononeuritis 
multiplex or peripheral neuropathy), bronchoscopy, lung function 
tests, or high-resolution computed tomography (CT) scanning (for 
pulmonary fibrosis or haemorrhage).

Radiological features may aid in diagnosis and in certain circum-
stances may obviate the need for obtaining tissue for histology. For 
example, a patient with ENT symptoms, pulmonary cavitating nod-
ules on chest X-ray or CT and a positive PR3-ANCA, a diagnosis 
of GPA may be made with reasonable confidence without pursuing 
a biopsy of the nodule, so long as other AAV mimics have been 
adequately excluded (such as tuberculosis).

Aetiology and pathogenesis
The strong clinical association between ANCA and GPA, MPA, 
and EGPA suggested that the autoantibody may play an impor-
tant part in disease pathogenesis, despite the pauci-immune his-
tological findings (see also Chapter 158). The evidence for ANCA 
pathogenicity in patients is less than in animal models of disease, 
however, overall the in vitro and in vivo findings are suggestive that 
ANCAs are more than biomarkers of disease and play an active role 
in initiating tissue damage. There remains much to be understood 
surrounding the role ANCA may play during disease remission, 
when titres may remain high in the absence of any clinical disease 
manifestations, or its role in the granulomatous manifestations of 
GPA, but ongoing genotype-phenotype research may provide sig-
nificant advance in these areas.

Evidence for human ANCA pathogenicity comes from a single 
case report of a pregnant mother with relapsing AAV who trans-
ferred MPO-ANCA to her newborn (Bansal et al., 2004). However, 
other cases of MPO- or PR3-ANCA positivity and evidence of 
placental transfer, which did not lead to disease, have also been 
reported (Alfhaily et al., 2009; Silva et al., 2009).

ANCAs have been shown, in vitro, to induce cytokine-primed 
neutrophils to undergo a respiratory burst and degranulate (Falk 
et  al., 1990; Keogan et  al., 1992), release neutrophil extracellu-
lar traps (NETS) (Kessenbrock et  al., 2009)  and microparticles 
(Hong et  al., 2012), induce endothelial activation and damage 
in neutrophil-endothelial co-cultures (Savage et  al., 1992), and 
increase neutrophil adhesion to activated endothelium in vitro 

(Radford et al., 2001) and in vivo (Little et al., 2005; Nolan et al., 
2008). Following cytokine priming of neutrophils, there is an 
upregulation of PR3 and MPO on the neutrophil cell surface, allow-
ing greater ANCA binding and subsequent activation of the neu-
trophil, with further cytokine release and PR3/MPO upregulation. 
ANCAs also bind and activate neutrophils through Fc receptors, 
mediated through PI3K (Williams et al., 2003) and SyK (Hewins 
et  al., 2004)  signalling. Cytokine activation of the endothelium 
upregulates adhesion molecules and allows increased neutrophil 
adhesion and rolling along the endothelium, and following ANCA 
activation of the neutrophil, increased transmigration through 
the endothelial monolayer, with release of serine proteases and 
cytokines which in turn induce endothelial cell necrosis (Lu et al., 
2006; Tull et al., 2012). Loss of normal endothelial integrity leads to 
activation of the complement and coagulation cascades with sub-
sequent thrombosis. If this process occurs in the kidney, it leads 
to glomerular capillary thrombosis and necrosis, which may result 
in capillary wall rupture and release of the capillary contents into 
Bowman’s space, initiating crescent formation.

The effect of ANCA in mediating disease in vivo has been shown 
in a murine model, in which anti-MPO antibodies were gener-
ated following MPO immunization of MPO-deficient mice, and 
subsequently passively transferred to naive wild type recipients, 
who developed a focal necrotizing crescentic glomerulonephritis 
and pulmonary capillaritis, resembling human disease (Xiao et al., 
2002). This model is dependent on neutrophils and has been modi-
fied and refined by addition of lipopolysaccharide or priming with 
granulocyte-colony stimulating factor (Freeley et al., 2013), both 
manoeuvres leading to augmented disease, potentially through 
neutrophil recruitment and activation. Other modifications of this 
model, involve irradiation of the immunized MPO-deficient mice, 
which are then transplanted with wild-type bone marrow, to cre-
ate chimeras with MPO-specific plasma cells making anti-MPO 
antibodies and leucocytes expressing MPO (Schreiber et al., 2006). 
A rat autoimmune model of MPO-ANCA vasculitis has also been 
generated, in which susceptible WKY rats are immunized with 
human MPO in adjuvant and develop anti-MPO antibodies, that 
cross react with rodent MPO-expressing leucocytes and induce a 
focal necrotizing crescentic glomerulonephritis with alveolar capil-
laritis (Little et al., 2009). Until recently, there was no convincing 
evidence for PR3-ANCA pathogenicity in vivo, as there was little 
disease induced following anti-PR3 antibody transfer, in a murine 

Fig. 159.7 Indirect immunofluorescence of ethanol fixed human neutrophils demonstrating positive ANCA staining with (A) perinuclear and (B) cytoplasmic staining 
patterns.
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model where anti-PR3 antibodies were induced in PR3/elastase 
deficient mice (Pfister et al., 2004). However, a single report of pas-
sive human PR3-ANCA transfer into humanized mice, immunode-
ficient mice which had been reconstituted with human stem cells, 
suggested that some mild glomerular abnormalities were produced, 
which were not found following transfer of control immunoglobu-
lin (Little et al., 2011). These data require replication, but may now 
confirm pathogenicity of both MPO-and PR3-ANCA.

Cellular immunity is also implicated in AAV with T lymphocytes 
and monocytes/macrophages playing critical roles and showing 
evidence of persistent activation even during disease remission 
(Schlesier et al., 1995). T cells are found in the pathological lesions 
in AAV (within the kidney and within granulomata) and help in 
class switching of ANCA-producing B cells. Autoantigen-specific 
CD4+ T cells are found in patients, reactive to PR3 or MPO (Griffith 
et al., 1996; Popa et al., 2002), with expansion of effector memory 
cells (Abdulahad et al., 2006), which migrate into tissues during dis-
ease flares and whose peripheral numbers inversely correlate with 
disease activity (Abdulahad et al., 2009). Moreover, an increased 
CD4+CD28− T-cell population is found in the periphery and within 
granuloma which is related to chronic cytomegalovirus infection 
and immune exhaustion, with evidence that the proportion of these 
cells represents an independent risk factor for mortality (Morgan 
et al., 2011). In addition to the expanded effector compartment, 
there are abnormalities in regulatory T-cell (Treg) function, phe-
notype, or number that have been found in both PR3-ANCA- and 
MPO-ANCA-associated disease (Abdulahad et al., 2007; Chavele 
et  al., 2010; Morgan et  al., 2010), and linked with these defects 
are augmented Th17 cell populations with elevated IL-17 levels 
also implicated in disease pathogenesis (Abdulahad et  al., 2008; 
Nogueira et al., 2010).

B-cell subsets may also influence disease activity apart from their 
role in ANCA production, with evidence that a regulatory B-cell 
population may exert immune suppressive effects, mediated in 
part through IL-10. The precise role of these B cell subsets in AAV 
remains to be clarified.

Although pauci-immune in nature, it has become apparent that 
complement plays an important role in the pathogenesis of AAV. 
This was first established in animal models, in which alternative 
pathway complement factor B or C5 deficiency was associated 
with attenuated disease, while blockade of the complement path-
way with a C5 antagonist produced similar effects (Huugen et al., 
2007; Xiao et al., 2007). More recently, analogous alternative path-
way complement abnormalities have been reported in patients with 
AAV (Xing et al., 2009). For example, factor B, factor P, and C3d 
were found in renal biopsies from AAV patients, in association with 
the membrane attack complex C5-9, while elevated serum levels of 
C5a and its receptor C5L2 were measured in patients with active 
AAV (Pepper and Salama, 2012)  and C5a signalling through its 
receptor was demonstrated to be critical in neutrophil priming of 
ANCA-mediated respiratory burst (Schreiber et al., 2009).

The mechanism of breakdown in immune tolerance that results 
in the generation of ANCAs remains unknown, but recent find-
ings suggest that it may be related to abnormal macrophage medi-
ated clearance of apoptotic PR3-expressing neutrophils (Kantari 
et al., 2007) or presentation of neutrophil autoantigens, contained 
within NETs (Fig. 159.8), to antigen-presenting cells and subse-
quent stimulation of T and B lymphocytes (Sangaletti et al., 2012). 
This failure to clear autoantigens, in combination with particular 

susceptibility  genes, including different HLA alleles which con-
strain the antigenic peptide presented to T cells, may explain why 
ANCAs are generally directed at either PR3 or MPO but rarely 
both, outside the context of drug induced cases.

Environmental risk factors for disease
Genetic predisposition (see earlier) and environmental triggers are 
both necessary for disease initiation. There are many potential aeti-
ological factors that may precede disease, but it is difficult to prove 
causality for many of these.

Infectious prodromes have long been recognized in AAV 
(Pinching et  al., 1980), and more recently molecular mimicry 
between infectious agents and autoantigens have been proposed, 
with evidence for a high proportion of patients with FNGN hav-
ing urinary tract infections with fimbriated bacteria in the months 
prior to presentation (Kain et al., 2008). The bacterial fimbrial pro-
tein, FimH, shares homology with an autoantigen, lysosomal mem-
brane protein (LAMP)-2 present on neutrophils and glomerular 
endothelial cells, and a significant number of patients with FNGN 
have antibodies to this antigen at the time of presentation, link-
ing bacterial reactivity to autoimmunity. Rodents immunized with 
FimH develop pauci-immune FNGN and antibodies to LAMP-2 
(Kain et al., 2008), data which are reminiscent of earlier studies in 
which rats immunized with sonicated bacterial proteins developed 
ANCAs and evidence of glomerulonephritis (Savige et al., 2002). 
There has been some debate regarding the reproducibility and clini-
cal significance of these anti-LAMP-2 antibodies, and further work 
is needed to confirm their precise role (Schebendach et al., 2012; 
Pepper et al., 2013). In addition, nasal carriage of Staphylococcus 
aureus has been associated with increased risk of disease activ-
ity and relapse (Stegeman et al., 1994; Laudien et al., 2010), while 
prophylactic antibacterial therapy appears to reduce relapse rates 
(Stegeman et al., 1996). CpG motifs found in bacterial DNA can 
stimulate patients’ B cells to produce ANCAs in vitro, again link-
ing infections with disease activation (Tadema et  al., 2011a). 
Recently, others have proposed that following infection with for 
example Staphylococcus aureus, complementary PR3 antibodies are 
formed, which act as a template for anti-PR3 antibodies, through 
an anti-idiotypic network. They found increased proportions of 

Fig. 159.8 Neutrophil extracellular traps stained for MPO (green) and nuclei 
(DAPI blue stain) demonstrating the chromatin fibres which contain significant 
quantities of MPO, which in turn may be taken up and presented by antigen 
presenting cells to T and B cells to initiate autoimmunity.
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patients with anti-complementary PR3 antibodies compared to 
controls (21% in PR3-ANCA patients vs 1% in healthy and disease 
controls) (Pendergraft et al., 2004), but these data were not repli-
cated in a separate European AAV cohort using similar techniques 
(Tadema et al., 2011b).

Other environmental factors have been associated with disease 
including drugs (such as propylthiouracil, contaminated cocaine 
and anti-tumour necrosis factor (TNF) biologics) (Schlesier et al., 
1995; Malle et al., 2000; Saint Marcoux et al., 2006; Ashok et al., 
2008; Arends et al., 2010; Hirohama et al., 2010) and prolonged 
exposure to silica dust (Beaudreuil et al., 2005; Hogan et al., 2007), 
although this later compound is widespread and causality is again 
hard to establish.

Medium and large vessel vasculitides 
and the kidney
Vessels other than the small glomerular vessels can be affected by 
necrotizing inflammation and lead to renal impairment, predomi-
nantly through ischaemic renal insults and renal hypertension; 
diagnosis is established radiologically and renal biopsy is generally 
not necessary.

Polyarteritis nodosa
PAN is significantly rarer than small vessel AAV, and is related 
to hepatitis B viral (HBV) infection in approximately a third of 
adult patients but few paediatric cases (Dillon et al., 2010) while 
other adult cases may be associated with other viral infections or 
malignancies.

Renal involvement in PAN is common, as a consequence of an 
ischaemic nephropathy, with > 66% of patients demonstrating renal 
artery aneurysms or stenoses (Fig. 159.9A) and a third of patients 
presenting with recent onset of hypertension in one large French 
cohort (Pagnoux et al., 2010). Although hypertension is generally 
mild, in 5% cases it may follow an accelerated phase and this is 
more common in HBV-associated PAN. Urinary abnormalities 
were not as frequent with 15–22% of patients presenting with hae-
maturia or proteinuria (> 0.4 g/24 hours) respectively, while renal 
impairment (as defined by a serum creatinine >140 μmol/L) was 
only found in 15% of subjects, and mean presenting creatinine in 
this cohort of 348 patients was 112 μmol/L (Pagnoux et al., 2010). 
Advanced renal impairment requiring dialysis is less common, 

but well recognized and may be a consequence of renal infarction 
(Fig. 159.9B), more common in HBV-associated cases, or bilateral 
renal haemorrhage following rupture of renal microaneurysms (El 
Madhoun et al., 2009). Aneurysms may rupture spontaneously or 
following renal biopsy and can be treated with embolization or in 
some cases necessitate nephrectomy.

Diagnosis is based on finding elevated acute-phase reactants, 
erythrocyte sedimentation rate, C-reactive protein, and plate-
lets, an absence of ANCAs, and positive angiographic evidence of 
microaneurysms and stenoses in medium-sized vessels.

Kawasaki disease
Kawasaki disease (KD) is a medium vessel vasculitis which usually 
occurs in children and is associated with a mucocutaneous lymph 
node syndrome. Larger vessels may also be involved, such as the 
aorta, but it is common to find coronary artery involvement in 
15–25% of cases (Dillon et al., 2010). Renal dysfunction in KD may 
result from renal artery vasculitis, which frequently coincides with 
coronary artery involvement (Wang et al., 2007) and may be found 
in approximately 50% of subjects and rarely due to tubulointersti-
tial nephritis (Bonany et al., 2002). Six months following presenta-
tion 46% of patients were found to have evidence of renal scarring 
on DMSA scanning, which was more common in those patients 
with an abnormal renal ultrasound at presentation and demon-
strated the long term renal impact of acute KD (Wang et al., 2007).

Takayasu arteritis
Takayasu arteritis (TA) is an idiopathic, chronic, granulomatous, 
large vessel vasculitis that principally affects the aorta, its branches, 
and the pulmonary artery. It may affect the renal vasculature with 
development of renal artery stenoses and result in renovascular 
hypertension and chronic kidney disease. In one cohort of Mexican 
patients, 47% had renal artery involvement with partial or complete 
occlusion (Soto et al., 2008), and between 33% and 73% patients 
had hypertension at presentation. In one autopsy series, higher 
levels of arterial wall inflammation were associated with a diffuse 
mesangial glomerulonephritis (de Pablo et al., 2007), while others 
have reported other glomerular lesions, such as glomerulosclero-
sis and mesangiocapillary glomerulonephritis (Li et al., 2009), in 
patients without renal artery involvement. Whether these really 
represent pathological associations or are coincidental findings is 
not clear.

(A) (B)

Fig. 159.9 Renal angiogram in two patients with polyarteritis nodosa demonstrating (A) numerous microaneurysms and (B) renal artery thrombus causing significant 
occlusion of the renal artery and additional evidence of tapering of the intrarenal vasculature.
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Introduction
Prior to the modern therapeutic era, granulomatosis with poly-
angiitis (GPA) (formerly known as Wegener granulomatosis) had 
a mortality of 80% at 1 year, largely due to renal failure (Walton, 
1958). Glucocorticoids were first used in GPA and polyarteritis in 
the late 1940s and a randomized trial of adrenocorticotrophic hor-
mone performed by the Medical Research Council (UK) reported 
better survival of polyarteritis at 1  year (Collagen Diseases and 
Hypersensitivity Panel, 1957). A follow-up report at 3 years found 
no difference in survival due to an excess of deaths related to 
drug-induced adverse events, highlighting the balance of benefits 
and harms that have continued in vasculitis therapy. In a retro-
spective survey of polyarteritis, mortality was lower with combi-
nation azathioprine/glucocorticoid therapy than glucocorticoids 
alone or no therapy (Leib et al., 1979). Cyclophosphamide was first 
used in GPA by Novack and Pearson in 1967 and subsequently by 
Fauci and colleagues at the US National Institutes of Health (NIH) 
(Novack and Pearson, 1971). It became apparent that the combina-
tion of cyclophosphamide and glucocorticoids resulted in stable 
remissions in GPA and polyarteritis and permitted reduction or 
withdrawal of glucocorticoids. The effectiveness of cyclophos-
phamide was linked to its ability to induce lymphopenia and, in 
particular, reduction in B-cell counts (Fauci et al., 1971). A 1992 
retrospective study of the NIH experience in GPA, in 135 patients, 
confirmed the effectiveness of this approach but highlighted the 
greatly increased frequency of urothelial and lymphoproliferative 
malignancy attributed to the high cumulative exposure to cyclo-
phosphamide (Hoffman et al., 1992). With the association of anti-
neutrophil cytoplasmic antibody (ANCA) with GPA in 1985 and 
microscopic polyangiitis (MPA) in 1986, and evidence supporting 
the pathogenesis of ANCA in small vessel vasculitis, a rationale 
evolved to combine these disorders in therapeutic studies (van 
der Woude et al., 1985; Savage et al., 1987). Along with eosino-
philic granulomatosis with polyangiitis (EGPA) (formerly known 
as Churg–Strauss syndrome) they were termed ANCA-associated 
vasculitis (AAV); however, EGPA patients are usually excluded 
from AAV trials in view of perceived differences in treatment 
response and pathogenesis.

The last 20 years have seen attempts to reduce the toxicity of ther-
apy by lowering exposure to cyclophosphamide and glucocorticoids, 

by the use of alternate immunosuppressives and other therapies, 
and by adjusting the intensity of therapy to the severity of the clini-
cal presentation (Rasmussen et  al., 1995). Although therapeutic 
monoclonal antibodies were first used in vasculitis in 1990, their 
use has only recently become widespread with the demonstration 
of the effectiveness of rituximab (Mathieson et al., 1990; Jones et al., 
2010; Stone et al., 2010). Over a similar period, improved tools have 
been developed to assess the outcomes of therapy that have, in turn, 
emphasized the frequently poor current outcomes with respect to 
organ damage, chronic morbidity, and poor quality of life (Bacon 
et al., 1995).

Approaches to therapy
The goals of therapy are to achieve a remission in disease activity, 
recover renal function, prevent relapse, and minimize drug toxic-
ity. Definitions of disease activity terminology have been agreed by 
consensus (Table 160.1) (Hellmich et al., 2007). Current regimens 
employ high doses of toxic agents to suppress manifestations of dis-
ease activity and achieve a ‘remission’ in order to avoid further vital 
organ damage, rescue renal function, and reduce constitutional dis-
turbance. This accepts a higher level of drug toxicity. This induction 
phase lasts 3–6 months and is followed by a longer remission main-
tenance phase when less toxic therapy is used. Prolonged follow-up 
is then required to manage the consequences of vasculitic damage, 
drug toxicity, and increased cardiovascular and malignancy risks. 
Future goals are safer regimens, more rapid remission induction to 
minimize tissue damage, better relapse prevention, and restoration 
of quality of life.

Following the association of ANCA with GPA and MPA, clinical 
trials have combined the two subgroups (Rasmussen et al., 1995). 
This has been considered appropriate for renal disease, due to simi-
larities in pathogenesis. However, differences in histopathology, 
treatment response and outcomes, and differences in genetic asso-
ciations argue for a revision of this approach (Hauer et al., 2002; 
Lyons et al., 2012). Attempts have been made to subgroup patients 
at diagnosis according to disease extent and severity in order to 
design treatments of ascending strength. The European Vasculitis 
Study Group (EUVAS) have defined four subgroups and a refractory 
subgrouping while US investigators have separated presentations 
into limited or non-severe, and generalized or severe (Table 160.2) 
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(Carrington and Liebow, 1966; Rasmussen et al., 1995; Wegener's 
Granulomatosis Etanercept Trial (WGET) Research Group, 2005). 
The French Vasculitis Study Group have identified factors predict-
ing increased mortality to develop the five factor score and pro-
tocols for patients with good or poor prognosis (Guillevin et al., 
2011). However, avoiding diagnostic delay and the early institution 
of therapy are of primary importance in all subgroups.

Renal vasculitis causing a glomerulonephritis is also seen in 
immune complex vasculitis (immunoglobulin A  (IgA) vasculi-
tis (Henoch–Schönlein) and cryoglobulinaemia), and vasculitis 
involving larger renal arteries occurs in polyarteritis nodosa and 
Takaysu arteritis. Less evidence exists to guide therapy in these 
disorders.

Treatment
Induction therapy
The combination of cyclophosphamide and high-dose glucocorti-
coids, introduced over 40 years ago, remains the ‘standard of care’ for 
new patients with AAV (Mukhtyar et al., 2008). Cyclophosphamide 
is equally effective as a daily oral or pulsed intravenous (IV) 
administration for the induction of remission (Table 160.3) (de 
Groot et al., 2009). However, the IV protocols expose the patient 
to a lower cumulative cyclophosphamide dose and permit bladder 
protection. Leucopenia is more common with daily oral cyclophos-
phamide and is an important risk factor for severe infection (Little 
et al., 2010). Weekly monitoring of the full blood count is required 
to detect a falling white count and appropriate dose adjustment of 
daily oral cyclophosphamide is required to avoid leucopenia. The 
leucocyte nadir after IV cyclophosphamide occurs at 10–14 days 
and subsequent cyclophosphamide dosing is reduced if leucopenia 
occurs. Cyclophosphamide is continued for 3–6 months, by which 
time remission will have been achieved in 80–90%. IV methyl pred-
nisolone is widely used for severe presentations at total doses of 
1000–3000 mg without a robust evidence base (Bolton and Couser, 
1979). Daily oral prednisolone commences at 1.0 mg/kg/day, maxi-
mum 80 mg/day, for 1–4 weeks, then reduces in steps to 10–15 mg/
day by 12 weeks (Jayne et al., 2003; WGET Research Group 2005).

Severe presentations
Plasma exchange improves the chances of renal recovery in those 
presenting in renal failure, creatinine above 500 μmol/L but does 
not influence the high mortality risk of this subgroup (Jayne et al., 
2007). A  meta-analysis failed to confirm a significant benefit of 
plasma exchange on the composite outcome of death and end-stage 
renal disease (ESRD) (Walsh et al., 2010). There is also evidence 

Table 160.1 Consensus disease state definitions

Activity state Definition

Remission Absence of disease activity attributable to active vasculitis 
qualified by the need for ongoing stable relapse prevention 
therapy. ‘Active disease’ is not restricted to vasculitis only, but 
includes other inflammatory features, such as granulomatous 
inflammation in GPA or tissue eosinophilia in CSS

Response 50% reduction of disease activity score and absence of new 
manifestations

Relapse

Major relapse

Minor relapse

Reoccurrence or new onset of disease attributable to active 
vasculitis

Reoccurrence or new onset of potentially organ- or 
life-threatening disease

Reoccurrence or new onset of disease which is neither 
potentially organ-threatening nor life-threatening

Refractory 
disease

1.  Unchanged or increased disease activity in acute AAV 
after at least 4 weeks treatment with standard induction 
therapy, or

2.  Lack of response, defined as ≤ 50% reduction in the disease 
activity score, after at least 6 weeks of treatment, or

3.  Chronic, persistent disease defined as the presence of 
at least one major or three minor items on the disease 
activity score list, after ≥ 12 weeks of treatment

Low-activity 
disease state

Persistence of minor symptoms (e.g. arthralgia, myalgia) that 
respond to a modest glucocorticoid increase and do not 
necessarily warrant an escalation of other therapies

CSS = Churg–Strauss syndrome; GPA = granulomatosis with polyangiitis.

From Hellmich et al. (2007).

Table 160.2 Disease subgrouping, US and EUVAS systems, according to disease severity and extent

Subgrouping by severity or extent Organ involvement Constitutional symptoms ANCA status Serum creatinine (μmol/L)

US EUVAS

Limited or non-severe Localized One site, typically the upper 
respiratory tract in GPA

No Positive or negative < 120

Early systemic Any, except renal or 
imminent vital organ failure

Yes Positive < 120

Generalized or severe Generalized

(or renal)

Imminent vital organ failure 
or renal vasculitis

Yes Positive < 500

Severe Vital organ failure, typically 
renal

Yes Positive > 500

(renal presentations)

Refractory Progressive disease despite 
conventional therapy

Yes Positive or negative Any

From Carrington and Liebow et al. (1966) and Rasmussen et al. (1995).

 

 

 



SECTION 6 the patient with another primary diagnosis1346

that plasma exchange improves renal outcomes in renal vasculitis 
with deteriorating renal function below a creatinine of 500 μmol/L, 
but this requires confirmation (Gregersen et al., 2012). The increas-
ing evidence for the pathogenicity of ANCA in renal vasculitis 
provides a rationale for its use, but removal of coagulation factors, 
cytokines, or other substances may also be important. Pulmonary 
haemorrhage results from an alveolar capillaritis and is treated in 
a similar manner to renal vasculitis (Kostianovsky et  al., 2012). 
Plasma exchange has been recommended for severe haemorrhage 
with hypoxia on the basis of uncontrolled studies. Exacerbation of 
bleeding by removal of coagulation factors is a theoretical concern 
and confirmation of efficacy is needed. Plasma filtration or cen-
trifugation appears equally effective and, on average, seven daily or 
alternate day exchanges of 1–1.5 plasma volumes are used. Double 
filtration apheresis, selective IgG, and myeloperoxidase (MPO)-
ANCA selective immunoabsorption have also been employed but 
until there is better understanding of the mechanisms of plasma 
exchange, non-selective procedures are preferred. The procedure 
usually requires central vascular access, and may be complicated by 
haemorrhage and thrombocytopaenia. Volume replacement with 
albumin is recommended but plasma or coagulation factor-rich 
plasma fractions are used in the setting of increased bleeding 
risk, such as after a renal biopsy or in the presence of alveolar 
haemorrhage.

Non-severe presentations
Cyclophosphamide substitution by methotrexate, dosed at 20–25 
mg/week, for non-severe AAV presentations was found to be effec-
tive in the NORAM trial with similar remission rates at 6 months 
(de Groot et al., 2005). One-third of patients in this trial had hae-
maturia with normal renal function indicating early renal vasculi-
tis. Enthusiasm for this approach has waned with a higher relapse 
rate following methotrexate induction and higher subsequent glu-
cocorticoid and cyclophosphamide requirement (Faurschou et al., 

2012). Mycophenolate mofetil has been shown to have potential as 
an alternative to cyclophosphamide in MPO-ANCA-positive MPA 
in preliminary studies (Hu et al., 2008; Silva et al., 2010).

Rituximab
B-cell depletion with rituximab is as effective as cyclophosphamide 
for the induction of remission in AAV (Jones et al., 2010; Stone 
et  al., 2010). The RITUXVAS trial employed two cyclophospha-
mide pulses with rituximab 375 mg/m2/week × 4, but the results in 
the RAVE trial, with the same rituximab dose but no cyclophospha-
mide, were similar. No early benefits of cyclophosphamide avoid-
ance were observed in either trial. Rituximab can be recommended 
for remission induction when cyclophosphamide is contraindi-
cated, for example, by infection, cytopenia, intolerance, malignancy, 
or fertility protection (Guerry et al., 2012). A simpler regimen of 
rituximab 1 g repeated after 14 days appears to be similar in efficacy 
to the four-dose regimen (Jones et al., 2009). Relapse is frequent 
after rituximab with 26% in the RITUXVAS trial and 40% in the 
RAVE trial relapsing in the second year, relapse being more com-
mon in those with a history of relapse. The time to achieve remission 
of renal vasculitis, and the renal outcomes were the same for rituxi-
mab or cyclophosphamide in the RAVE trial. Concomitant initial 
cyclophosphamide was used with rituximab in the RITUXVAS 
trial but not in the RAVE trial. The latter excluded patients with 
creatinine > 360 μmol/L, but extrapolation suggests routine cyclo-
phosphamide is not required with rituximab for the more severe 
presentations. Because rituximab is removed by plasma exchange 
when both therapies are employed, at least 48 hours should elapse 
between rituximab infusion and the next plasma exchange and at 
least 50% of the rituximab total dose should be administered after 
the plasma exchange course has been completed.

Treatment in other forms of renal vasculitis
Immune complex vasculitis
IgA vasculitis in children remits spontaneously and therapy is only 
indicated in the more severe cases. Adolescents and adults are more 
likely to have a persistent or relapsing course of disease, however 
many will spontaneously remit and non-severe cases do not require 
treatment. High-dose glucocorticoids are widely used and plasma 
exchange has a rationale based on the removal of circulating IgA 
or IgA-containing immune complexes. There is support for plasma 
exchange and IV immunoglobulin from cohort studies. It is unclear 
whether immunosuppressives, including cyclophosphamide or 
azathioprine, contribute to remission induction in this disease with 
one small randomized trial reporting no benefit with cyclophos-
phamide in severe renal or gastrointestinal IgA vasculitis (Pillebout 
et al., 2010).

Polyarteritis nodosa has been treated with IV cyclophosphamide 
and high-dose glucocorticoids as for AAV. Remission and relapse 
rates are also similar (Guillevin et al., 2003). Results of uncontrolled 
studies suggest that hepatitis B virus (HBV)-associated polyarte-
ritis nodosa should be treated with antiviral agents, short-term 
corticosteroids, and plasma exchange. Relapse in HBV-associated 
polyarteritis nodosa is rare and never occurs once viral replica-
tion is stopped and seroconversion occurs (Guillevin et al., 2005). 
The management of Takayasu renal arteritis includes endovascular 
procedures including angioplasty or surgical bypass and assess-
ment and control of inflammatory disease by glucocorticoids 

Table 160.3 Cyclophosphamide dosing for IV pulsed and daily oral 
regimens as defined in the EUVAS CYCLOPS protocol

Pulsed cyclophosphamide dosing (mg/kg/pulse) with reductions for 
impaired renal function and age

Age (years) eGFR > 30 mL/min eGFR ≤ 30 mL/min

< 60 15 12.5

60–70 12.5 10

> 70 10 7.5

Timing of cyclophosphamide pulses

Weeks: 0, 2, and 4, then every 3 weeks (weeks 7, 10, 13, 16, 19, 21, and 24)

Daily oral cyclophosphamide dosing

Age (years) Dose (mg/kg/day)

< 60 2.0

60–70 1.5

> 75 1.0

eGFR = estimated glomerular filtration rate.

From de Groot et al. (2009).
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with or without immunosuppressives or anti-cytokine antibodies 
(Mukhtyar et al., 2008).

Assessing response
Control of renal vasculitis is judged by improvement or stability of 
renal function, absence of extrarenal vasculitis, and normalization 
of C-reactive protein (CRP). Microscopic haematuria persists for 
many months after the onset of therapy and proteinuria typically 
increases during the recovery period, occasionally to levels suffi-
cient to cause the nephrotic syndrome especially in those uncom-
mon patients with evidence of immune complex deposition. The 
level of proteinuria during the recovery phase indicates the degree 
of glomerular injury and is associated with worse renal outcomes 
(Bakoush et al., 2006). The significance of persistent low-level hae-
maturia is unclear. Repeat renal biopsy in the presence of ≥ 2+ by 
urine dipstick or > 30 red cells/high powered field is usually asso-
ciated with active lesions on biopsy. The value of ANCA levels to 
guide the duration or intensity of induction therapy has not been 
assessed and has not been of prognostic significance. For patients 
who are dialysis dependent at presentation, if recovery occurs 
it is usually seen within 2–3 weeks, although later renal recovery 
can occur. If no recovery has been seen after a course of plasma 
exchange has been completed, a persisting high ANCA level, high 
CRP attributed to vasculitis, or poor control of extrarenal vasculitis 
suggest that renal vasculitis is likely to be still active and further 
glucocorticoid and plasma exchange would be beneficial. However, 
if there is no recovery by 4–6 weeks further intensive therapy is 
likely to be unproductive. The severity of the renal histology at 
diagnosis should not deter the commencement of induction ther-
apy; however, repeat renal biopsy can be useful in refractory cases 
when the presence of active vasculitis and degree of sclerosis would 
influence subsequent treatment decisions. For those presenting 
with renal-limited vasculitis, induction therapy can be withdrawn 
if there is no recovery by 12 weeks.

Induction treatment in children and the elderly
The approach to therapy and responsiveness to medication is the 
same in the young and the old to those in other age groups but drug 
selection and dosing may differ. In view of the fertility and malig-
nancy risks of cyclophosphamide, alternative use of mycophenolate 
mofetil or rituximab has been suggested. Higher glucocorticoid 
doses, up to 2 mg/kg/day, are used in children due to increased 
rates of elimination. The elderly are more likely to present with 
renal impairment and have a high risk of infective complications. 
It is important to reduce cyclophosphamide accordingly. Lower 
cyclophosphamide dosing, fixed at 500 mg IV pulses, and reduced 
glucocorticoid exposure with more rapid tapering have been pro-
posed. Glucocorticoid withdrawal in the remission period is desir-
able to reduce the risk of osteoporosis.

Remission maintenance therapy
Disease relapse occurs in 75% of GPA and 30% of MPA and EGPA 
cases by 5 years (Booth et al., 2003; Walsh et al., 2012). Predictors of 
relapse include anti-proteinase 3 (PR3) antibodies, lung and upper 
respiratory involvement (Hogan et  al., 1996), age (Koldingsnes 
et  al., 2002), nasal carriage of Staphylococcus aureus (Stegeman 
et al., 1994), and absence of severe renal involvement (Koldingsnes 
and Nossent, 2002; Pierrot-Deseilligny Despujol et  al., 2010). 

Granulomatous relapses are more frequent and earlier than those 
with predominant vascular disease (Pierrot-Deseilligny Despujol 
et al., 2010). Patients with ESRD have low rates of relapse (Weidanz 
et al., 2007; Little et al., 2010). Lower cyclophosphamide exposure 
during induction therapy increases later relapse risk (Harper et al., 
2012). A CD8+ T-cell transcription signature has been identified 
that can predict patients at risk of relapse. The subset of genes defin-
ing the poor prognostic group were enriched for genes involved in 
the interleukin (IL)-7 receptor pathway, T-cell receptor signalling, 
and genes expressed by memory T cells (McKinney et al., 2010).

Changes in ANCA do not correlate closely with disease activ-
ity and rises should not trigger increases in therapy on their own. 
A persistent ANCA after induction therapy, a rise in ANCA during 
remission therapy, and ANCA positivity at the time of treatment 
withdrawal indicate a higher relapse risk (McKinney et al., 2006; 
Tomasson et al., 2012) (Table 160.4).

The goals of maintenance therapy are to prevent disease relapse 
while minimizing drug toxicity. Cyclophosphamide is withdrawn 
after 3–6 months and substituted by azathioprine 2 mg/kg/day, or 
methotrexate, up to 25 mg/week. They were equally effective for 
remission maintenance with similar safety risks in the WEGENT 
trial (Pagnoux et al., 2008). Methotrexate is excreted by the kidneys 
and should be avoided in the presence of renal impairment, glo-
merular filtration rate (GFR) < 50 mL/min. Although rare, concerns 
over methotrexate pneumonitis complicate its use in the presence 
of pulmonary vasculitis. Leflunomide, 20 mg/day, was superior to 
methotrexate for the prevention of relapse in a small GPA study; 
however, this was at the expense of an increased frequency of 
adverse events. Mycophenolate mofetil was less effective than aza-
thioprine for relapse prevention after cyclophosphamide induction 
therapy (Metzler et al., 2007; Hiemstra et al., 2010). Mycophenolic 
acid plasma level monitoring may increase the safety and efficacy of 
mycophenolate mofetil but this requires confirmation in vasculitis.

Prednisolone is either continued in conjunction with an immu-
nosuppressive at doses of 5–10 mg/day or is withdrawn at the end 
of the induction phase. There is an increased relapse risk following 
steroid withdrawal which has to be balanced against the toxicity of 
long-term administration (Walsh et al., 2010). Long-term steroids 
are often required in patients with EGPA due to persistent asthma.

There is no clear guidance as to how long remission maintenance 
treatment should be continued. The IMPROVE trial withdrew 
therapy 42 months after diagnosis, but withdrawal after 24 months 
has also been suggested. The various factors that influence relapse 
risk should be considered (Table 160.4) along with the likely con-
sequences of relapse for the individual patient. Most relapses 
are minor and do not increase the risk of death or organ failure, 

Table 160.4 Factors increasing relapse risk in ANCA-associated 
vasculitis

Clinical presentation Serology Treatment related

Diagnosis of GPA 
(Wegener’s)

PR3-ANCA positive at 
diagnosis

Steroid withdrawal

Ear, nose and throat 
involvement

Persistent ANCA positivity 
after induction therapy

Immunosuppressive 
withdrawal

Serum creatinine 
< 200 μmol/L

Rise in ANCA during 
remission

Lower cyclophosphamide 
exposure
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but delayed relapse diagnosis is a real concern and renal relapse 
increases the risk of ESRD. There should be consideration for pro-
longed low dose immunosuppression in cases at high risk of relapse. 
Regular monitoring and patient education will permit relapse to be 
detected early, especially if therapy has been withdrawn.

Relapse is frequent after rituximab, with 26% in the RITUXVAS 
trial and 40% in the RAVE trial relapsing in the second year, and 
is more frequent in patients with a history of relapse. There are 
no current recommendations for remission management after 
rituximab with patients either being observed and re-treated with 
rituximab at the time of relapse, being administered rituximab at 
fixed intervals or on the basis of ANCA levels or B-cell counts, or 
a conventional immunosuppressive, such as azathioprine, used 
(Cartin-Ceba et al., 2012; Smith et al., 2012). Immunosuppressives 
did not reduce the subsequent relapse rate in one multicentre sur-
vey, and relapses can occur without B-cell repopulation or rises 
in ANCA. Fixed-interval repeat-dose rituximab, 1000 mg every 
6 months for 2 years, has reduced relapse rates when rituximab is 
used in relapsing patients (Smith et al., 2012).

Management of relapse
The symptoms and signs of relapse in an individual patient reflect 
those present prior to the original diagnosis. The diagnosis of 
relapse needs to be differentiated from infection or other potential 
causes, including malignancy. Infection may precede and precipi-
tate relapse and this is a particular issue with bacterial infections 
in respiratory tract relapse in GPA. Relapse is categorized as minor 
(non-severe), or major (severe) when vasculitic activity threatens 
vital organ function. Renal relapse is initially manifested by a return 
or increase in haematuria with proteinuria with subsequent dete-
rioration in renal function and is usually, but not always, associated 
with ANCA positivity and rises in erythrocyte sedimentation rate 
and CRP. Repeat renal biopsy is indicated if there is uncertainty as 
to whether or not renal relapse is occurring.

Minor relapse is treated by optimization of the background 
immunosuppressive, such as azathioprine, and increase in predni-
solone to 0.5–1.0 mg/kg/day with a reducing regimen back to 5–10 
mg/day. When the immunosuppressive dose is limited by adverse 
events, or if minor relapses recur, an alternative immunosuppres-
sive or switch to rituximab should be considered. Major relapse is 
treated by the introduction of cyclophosphamide or rituximab and a 
similar increase in prednisolone (Mukhtyar et al., 2008). The RAVE 
trial found a higher rate of response to rituximab than to cyclo-
phosphamide in relapsing patients and rituximab is now recom-
mended for this subgroup (Stone et al., 2010; Guerry et al., 2012).

Refractory disease
Progression of vasculitis despite induction therapy, failure to attain 
disease remission, and disease relapse while receiving maintenance 
therapy are defined as refractory disease (Table 160.3) (Hellmich 
et al., 2007). Before therapy is enhanced, causes for refractory dis-
ease, including infection, malignancy, and drugs, should be con-
sidered as well as non-concordance with the prescribed regimen. 
Drug intolerance, especially to glucocorticoids or cyclophospha-
mide, and reductions in dosing due to intercurrent infection may 
also lead to primary treatment failure. This situation is associated 
with a high mortality due to the presence of organ failure and the 
risks of prolonged therapy (Seror et al., 2010).

Progressive or non-responsive disease occurs in 5–10% and 
is treated with an increase in glucocorticoid, typically IV pulsed 
methylprednisolone 1000–3000 mg. Relative cyclophosphamide 
underdosing is indicated by a failure to induce lymphopenia and 
is more common with IV pulsed administration. A switch to daily 
oral cyclophosphamide or an increase in IV dosing has been sug-
gested. Changing from cyclophosphamide to rituximab is now 
more attractive because rituximab is less likely to increase the infec-
tive risk. Failure to induce B-cell depletion indicates that rituximab 
will be ineffective. Where the response to rituximab appears slow, 
pulse cyclophosphamide can be added until a response is seen, but 
cyclophosphamide is not routinely required with rituximab.

Plasma exchange can be considered for resistant renal vasculi-
tis or alveolar haemorrhage, and IV immunoglobulin reduces dis-
ease activity in refractory AAV but the effect lasts less < 3 months 
(Jayne et al., 2000). This option can be considered if conventional 
therapy is contraindicated, for example, by infection or in preg-
nancy. A  potential mechanism of immunoglobulin, as proposed 
in Kawasaki disease, is the neutralization of microbial toxins. 
Blockade of tumour necrosis factor alpha (TNF-α) with infliximab 
or etanercept has led to remission when used as an additional agent 
but prolonged use appears ineffective and it may increase the risks 
of infection (Booth et al., 2004a; WGET Research Group, 2005). 
Concerns over malignancy risk with anti-TNF therapy in vasculitis 
have not been supported by longer-term studies (Silva et al., 2011).

Patients failing to achieve remission by 6  months, or possibly 
before, should have their non-glucocorticoid treatment reassessed 
as for progressive disease. Deoxyspergualin (gusperimus) is an 
immunosuppressive with a range of activity on the innate and cog-
nate immune systems that has demonstrated high response levels 
in refractory GPA (Flossmann et al., 2009). Leucopenia is common 
but rapidly reversible and not accompanied by increased infection 
frequency. There does not appear to be a sustained effect after deox-
yspergualin withdrawal when relapses are common. Lymphocyte, 
eosinophil, and macrophage depletion with the anti-CD52 thera-
peutic antibody alemtuzumab has led to sustained treatment-free 
remissions (Walsh et al., 2008). The profound, transient lymphope-
nia induced by alemtuzumab is poorly tolerated in those > 60 years 
or with impaired renal function.

Those relapsing are treated as described above with multiple 
minor relapses or at least one major relapse requiring a change of 
immunosuppressive. Changing the non-cyclophosphamide immu-
nosuppressive, for example, from azathioprine to methotrexate, or 
vice versa, or switching to mycophenolate mofetil or leflunomide, 
can be considered (Koukoulaki and Jayne, 2006; Stassen et  al., 
2007). After a major relapse or after a failure of at least one alterna-
tive immunosuppressive for minor relapses, rituximab is indicated.

Management of damage
Chronic kidney disease resulting from renal vasculitis is managed 
in a similar way to other causes of renal disease. Proteinuria rises 
during the recovery phase of renal vasculitis reflecting glomerular 
damage. Angiotensin-converting enzyme inhibition has been rec-
ommended to improve long-term renal outcomes without direct 
supporting evidence. Patients with reduced renal function are at 
high risk of ESRD if they have a further episode of renal vasculi-
tis and need to be monitored with this in mind. Those developing 
ESRD can be supported by dialysis and their immunosuppres-
sive treatment withdrawn in the absence of extrarenal disease. 
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Peritoneal dialysis carries an increased risk of peritonitis and need 
for ongoing immunosuppression is a relative contraindication. 
Patients who develop ESRD should be considered for transplanta-
tion, which is a safe and effective option (Geetha et al., 2011). It 
has been conventional to wait at least 6 months after an episode of 
active vasculitis before transplanting. ANCA positivity at the time 
of transplantation does not appear to affect graft or patient survival, 
although an increase in graft vasculopathy was noted in one series 
(Little et al., 2009).

Ear, nose, and throat (ENT) disease in GPA has a high risk 
of causing irreversible damage and chronic symptomatology. 
Collapse of the bridge of the nose can be corrected by bone or car-
tilage grafts and restorative procedures should be performed when 
the disease is thoroughly controlled and glucocorticoid doses at 
remission maintenance levels. Damage to the nasal mucosa results 
in nasal crusting which provides a focus for infection as well as 
causing nasal obstruction. Regular nasal douching to remove 
the crusts and use of a topical aseptic cream, such as mupirocin, 
reduces associated symptoms and risk of infection (Laudien et al., 
2009). Hearing loss is usually caused by Eustachian tube obstruc-
tion and recurrent otitis media but may also result from damage 
to the eighth cranial nerve. Although some recovery may occur, 
chronic hearing loss is frequent. Subglottic, tracheal, or bronchial 
stenoses can be fibrotic in origin reflecting previous episodes of 
vasculitis damage to the airways. They can progress to cause res-
piratory obstruction or, if at bronchial level, cause segmental or 
lobar obstruction, infection, and collapse. Physical dilatation by 
bougie or balloon can restore the lumen and antibiotics are usu-
ally required to control secondary infection. Multiple procedures 
may be required as well as subsequent intermittent surveillance by 
nasendoscopy or bronchoscopy.

The long-term outcome of alveolar haemorrhage is usually good 
with stable lung function but a minority of patients present with 
overlapping features of ANCA vasculitis and pulmonary fibrosis 
(Hervier et al., 2009; Arulkumaran et al., 2011). The lung fibrosis 
can precede or follow vasculitis and be progressive leading to res-
piratory failure despite control of vasculitis. This pattern is more 
commonly associated with the MPO-ANCA subtype.

Adverse events
Improvement in survival has resulted from modern treatment 
strategies; however, adverse events associated with these treatments 
remain an important cause of death and morbidity. In the EUVAS 
studies mortality at 1 year was 11%. The cause of death was related 
to an adverse event of treatment in 59%, with infection being the 
most common factor (Fig. 160.1) (Little et al., 2010). Active vasculi-
tis only accounted for 14% of deaths. This study highlights the bur-
den of using non-selective immunosuppressant agents. Infection is 
also a common cause of morbidity with 25% of patients developing 
infection in the first year, with respiratory tract and generalized sep-
ticaemia being the most common infections. Glucocorticoid and 
cytotoxic therapy both contribute to the increased risks of infec-
tion. An older study of 158 patients over a median of 8 years, which 
used prolonged oral cyclophosphamide, found that 50% of serious 
bacterial, fungal, and opportunistic infections occurred during 
periods of daily glucocorticoid therapy, with only 21% occurring 
on alternate-day glucocorticoids, 16% on single-agent cytotoxic 
therapy, and 12% whilst therapy free (Hoffman et al., 1992).

Infections
Those at risk of infection should be identified and interventions 
undertaken to reduce risk. Factors predictive of infection include 
age, severity of renal dysfunction, leucopenia, and intensity and 
duration of immunosuppression. Pneumocystis jirovecii infection 
occurs in AAV with an incidence of 0.85–12% usually within the 
first few months after diagnosis, when immunosuppressive ther-
apy is most intense. Presentation is more acute than that com-
monly seen in HIV patients, with 41% having symptom duration 
of 3 days or less and high fevers with rapid onset of respiratory 
failure being common. Mortality rates of 47–62.5% are reported. 
Pneumocystis infection is associated with lymphopenia, oral cyclo-
phosphamide, and steroid use. Prophylaxis against Pneumocystis 
jirovecii with low-dose sulphamethoxazole/trimethoprim is recom-
mended in patients receiving cyclophosphamide (Mukhtyar et al., 
2008). Herpes zoster varicella (HZV), shingles, occurs in AAV 
with a frequency of 4.5 episodes per 100 patient years. While viral 
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Fig. 160.1 Causes of death in 535 patients enrolled at diagnosis into prospective EUVAS trials in the first year, the second to fifth year, and after 5 years.
From Flossmann et al. (2011).
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reactivation is linked to the intensity of immunosuppression, infec-
tions also occur following the switch to maintenance therapy.

Leucopenia is common, especially in those receiving oral cyclo-
phosphamide, and is directly associated with infection and death 
(Booth et al., 2003). It should be avoided with close monitoring. 
Leucopenic patients can be treated with granulocyte-colony stimu-
lating factor although in a mouse model this has associated with 
exacerbation of disease (Freeley et al., 2013). Influenza immuniza-
tion was safe and effective in 230 GPA patients and is recommended 
for AAV patients (Stassen et al., 2008). Pneumococcal vaccination 
is recommended but response rates are often poor when using 
the polysaccharide vaccine, Pneumovax®. Live vaccines should be 
avoided in all patients taking immunosuppressives or prednisolone 
doses > 5 mg/day. In those AAV patients on standard maintenance 
therapy, maintenance of protective levels of antibody to other vac-
cines such as diphtheria, tetanus, and polio may be shorter than 
in immunocompetent patients and may require more frequent 
booster vaccinations (van Assen et al., 2011).

Malignancy
The incidence of cancer in treated AAV patients is 1.6–2.4 times 
higher than that of the general population. Immunosuppressive 
drugs contribute to this risk, especially a 4.8–33-fold risk of 
urothelial cancer and 4.2–11-fold risk of leukaemia or lymphoma, 
attributed to cyclophosphamide, but proportionally higher rates 
of lymphoma and non-melanoma skin also occur (Hoffman et al., 
1992). Data collected from the EUVAS studies on patients recruited 
between 1995 and 2003 found an increased risk of all cancers of 
1.7, largely driven by non-melanoma skin cancer (Heijl et al., 2011). 
The previously observed increased risk of bladder cancer and leu-
kaemia was not seen, reflecting the reduced cyclophosphamide 
exposure in the EUVAS protocols. The low relative risk and blad-
der cancer frequency seen in this study may have been a feature 
of relatively short follow-up. A French cohort study found a five-
fold increase in risk for bladder cancer in AAV patients who had 
received cyclophosphamide, with cumulative cyclophosphamide 
dose and oral cyclophosphamide treatment being important risk 
factors. A single-centre Danish cohort study of 293 GPA patients 
recruited from 1973 to 1999 found an overall increased risk of 2.1, 
rising to 3.6 for bladder cancer and leukaemia, with no increased 
risk for these cancers in those receiving a cyclophosphamide expo-
sure of < 36 g (Faurschou et al., 2008). It appears probable that the 
bladder cancer risk is associated with cyclophosphamide exposure 
and length of follow-up, and strategies such as IV pulse administra-
tion with hydration and mesna will minimize this risk. However, 
patients who have received cyclophosphamide require lifelong 
follow-up with prompt investigation by cystoscopy and urine cytol-
ogy for the new onset or persistence of haematuria. Azathioprine 
increases the risk of skin malignancy and may contribute to lym-
phoma risk. Increased risks are detectable with > 3 years’ exposure 
in inflammatory bowel disease but have not been quantified in vas-
culitis. Patients receiving azathioprine should receive appropriate 
advice to minimize sun exposure and should be counselled and 
reviewed with these risks in mind.

Cardiovascular disease
Myocardial infarction rates were increased with a hazard ratio of 
3.6 in a retrospective review of GPA patients enrolled in the Danish 
National Hospital Register. In addition, a retrospective study 

showed that patients with GPA and MPA, when matched for renal 
function and other traditional risk factors, had double the rate of 
cardiovascular events. Of 535 GPA and MPA patients enrolled 
in the EUVAS trials, 74 (14%) had had a cardiovascular event 
by 5 years, an increased risk of 3.7 (Suppiah et al., 2011). Those 
who were MPO-ANCA positive had higher risk than those with 
PR3-ANCA. Theories for the increased event rates in AAV include 
systemic inflammation and endothelial dysfunction, factors asso-
ciated with increased cardiovascular risk in other inflammatory 
diseases. AAV patients in remission have impaired endothelial 
function and increased stiffness of large arteries, which has been 
reversed by TNF-α blockade (Booth et al., 2004b). Renal dysfunc-
tion is an independent predictor of cardiovascular disease. Patients 
with AAV may also have an increased prevalence of traditional 
risk factors for atherosclerotic disease due to glucocorticoid treat-
ment, which causes hypertension, dyslipidaemia, diabetes, and 
weight gain.

Thromboembolic disease
Although microthrombosis is a component of vasculitic pathol-
ogy, the frequency of deep venous thrombosis and pulmonary 
embolism is also increased, being highest during periods of dis-
ease activity. A rate of 15% was reported in a prospective trial and 
in retrospective surveys rates of 1.8%/year for all AAV patients 
rising to 6.7–9%/year for those with active disease (Merkel et al., 
2005). Autoantibodies to plasminogen and tissue plasminogen 
activator occur in the sera of 25% and 14% of AAV patients. Their 
presence has been associated with more severe renal outcomes 
and increased risk for thromboembolic events. Anticoagulants 
have been used historically in the treatment of renal vasculitis but 
thromboprophylactic strategies have not been developed for AAV 
in the current era. Until further data emerges of the clinical utility 
of anti-plasminogen autoantibody testing it is advisable to address 
conventional risk factors and maintain a high threshold for suspi-
cion of thromboembolism.

The coincidence of the pulmonary-renal syndrome, with lung 
haemorrhage, and thromboembolic disease has been reported 
in seven patients with AAV. Therapeutic anticoagulation did not 
appear to exacerbate the lung haemorrhage (De Sousa et al., 2012).

Other drug-specific toxicity
Glucocorticoids
Glucocorticoids have a broad adverse event profile, including 
steroid-associated diabetes, avascular necrosis, and ocular cataract 
formation. Prophylaxis against osteoporosis and peptic ulceration 
has become routine, especially in those receiving high-dose gluco-
corticoids. Reduced bone mineral density is common in patients 
with AAV; in one study of 99 patients with AAV, 57% had osteope-
nia and 21% had osteoporosis in at least one site, seven out of 99 
patients sustained fractures. Other studies also report high rates of 
fractures in AAV patients of 2.5–15%. Bisphosphonates are con-
traindicated in those with a GFR < 30 mL/min.

Cyclophosphamide
The adverse events specific to cyclophosphamide, other than infec-
tion and bone marrow suppression, include hair loss, haemorrhagic 
cystitis, and infertility. Haemorrhagic cystitis occurs with a fre-
quency of 0.5/100 patient-years and is associated with oral cyclo-
phosphamide use and total exposure. Prevention of haemorrhagic 
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cystitis is important as an episode increases the risk of bladder can-
cer by five to seven times. The risk of haemorrhagic cystitis can be 
reduced by increased hydration and by concomitant treatment with 
mesna, which binds to the cyclophosphamide toxic metabolite, acr-
olein. Fertility risks are discussed in ‘Fertility and pregnancy’.

Azathioprine
Myelosuppression is common with azathioprine and can occur 
early or later during its administration. Mutant polymorphisms 
in the thiopurine S-methyltransferase (TPMT) gene are associ-
ated with rapid and profound myelosuppression. Patients can be 
screened for common TPMT polymorphisms or for the biochemi-
cal activity of TPMT before commencing azathioprine. The signifi-
cance of heterozygous states and borderline low activity levels is less 
clear as many such patients tolerate azathioprine well. A recent ran-
domized controlled trial investigating whether genotyping prior to 
starting azathioprine reduced the number of adverse drug reactions 
showed no benefit (Newman et al., 2011). Azathioprine allergy or 
intolerance occurs in 5–10% and hypersensitivity reactions can be 
difficult to distinguish from infection or vasculitic relapse, but their 
onset within 2–3 weeks of commencing azathioprine is an indica-
tor. Reactions are manifested by fevers, chills, rash, and interstitial 
nephritis can occur. Hepatotoxicity and cirrhosis are less common.

Rituximab
The use of rituximab is increasing in patients with AAV. No change 
in infection rates was observed when rituximab was substituted 
for cyclophosphamide in two induction trials (Jones et al., 2010; 
Stone et  al., 2010). Whether this reflects an infection risk with 
rituximab similar to cyclophosphamide or the role of concomitant 
high-dose steroid is unclear. Progressive multifocal leucoencepha-
lopathy, caused by the JC virus, has occurred in systemic lupus ery-
thematosus (SLE) patients treated with rituximab but it is unclear 
whether the prevalence of PML is actually increased by rituximab 
in SLE. There has not been evidence of increased PML risk with 
rituximab in AAV but patients should be counselled that such a 
risk might exist. Infusion reactions to rituximab occur in 20% but 
have been mild without sequelae and have not prevented repeat 
treatment. Hypogammaglobulinaemia occurs after rituximab in 
a minority and is related to the use of previous immunosuppres-
sives, cumulative exposure to rituximab, and length of follow-up, it 
may be more frequent in those previously treated with cyclophos-
phamide (Venhoff et al., 2012). While mild reductions of IgG do 
not appear to influence infective risk, severe deficiency to < 3 g/L 
has occurred and led to recurrent infection and need for immuno-
globulin replacement. Rituximab impairs the humoral response to 
immunizations, and, where possible, these should be administered 
at least 2 weeks before, or 4 months after, rituximab.

Fertility and pregnancy
Vasculitis activity and its therapy are threats to the fertility of 
patients with vasculitis. Loss of fertility is an important conse-
quence of the disease, but the risks of this occurring can be consid-
erably reduced with newer forms of treatment. As a chronic disease, 
vasculitis also causes psychosexual and relationship problems due 
to effects on self-esteem and mental well-being. Chronic kidney 
disease is a common consequence of renal vasculitis and depressed 
kidney function itself affects fertility in both women and men.

The major threat to fertility is cyclophosphamide exposure 
that can result in primary ovarian failure. This is related to the 

total amount of cyclophosphamide administered and the age of 
the patient. Data from lupus nephritis suggests that a total cyclo-
phosphamide exposure of 14–20 g results in infertility in > 50% of 
women aged > 32 years (Hickman and Gordon, 2011). The risk of 
infertility in those < 32 years is lower, around 10% in one series. 
Even if infertility is not induced, less severe ovarian damage leads 
to early menopause. Drugs that temporarily suppress ovarian func-
tion, such as Zoladex®, are used to reduce the risk of cyclophos-
phamide toxicity. Rituximab has been shown to be as effective 
as cyclophosphamide and can be used when cyclophosphamide 
avoidance is desirable. There have been concerns that cyclophos-
phamide, through damage to DNA in the unfertilized egg, results 
in an increase in birth defects but this has not proved to be the case. 
However, it is advisable to wait at least 6 months between stopping 
cyclophosphamide and attempting to conceive.

Cyclophosphamide directly affects sperm production in men 
but there is more potential for recovery by the generation of new 
sperm-forming cells when cyclophosphamide is withdrawn, 
although pre-pubertal boys are at greater risk of infertility than 
girls with a threshold of 200 mg/kg deduced from nephritis trials. 
Sperm production does not usually recover to pre-treatment levels 
and healthy sperm counts can remain depressed. It is likely that, in 
combination with non-specific effects of chronic illness, cyclophos-
phamide reduces male fertility. An alternative immune suppressive 
used in vasculitis, methotrexate, also reduces sperm formation but 
has a lower risk of sustained effects after withdrawal. Egg preser-
vation in women can be difficult due to the urgency in starting 
therapy but semen preservation is quite feasible in men and can be 
considered before cyclophosphamide is commenced.

Methotrexate and mycophenolate mofetil, damage the fetus and 
must not be used in pregnant women or those attempting to con-
ceive. Anti-inflammatory drugs and high-dose steroids also reduce 
fertility. The infective risks of the coil are increased in those receiv-
ing immune suppression. Sexually transmitted diseases can be 
more problematic in immune suppressed patients and Chlamydia 
trachomatis results in infertility in women. Drug effects, especially 
high-dose steroids, vasculitic activity, and chronic illness reduce 
testosterone levels that can lead to reduced libido and erectile fail-
ure. Testosterone levels in the blood are readily measured and tes-
tosterone supplementation can correct the problem.

GPA has been diagnosed during pregnancy but this is rare and 
there is no evidence of an increased relapse risk during pregnancy 
or the post-puerperal period. The risks of pre-existing damage to 
the pregnancy, in particular to the kidneys, lungs, or heart, need 
to be considered before conception, and appropriate changes to 
medication made. Transmission of ANCA and a self-limiting 
vasculitis syndrome has been reported in the neonate, but this is 
probably a rare occurrence. The largest review of 22 pregnancies 
in AAV reported good fetal outcomes, the adverse events being 
pre-eclampsia in two pregnancies and one newborn with hypothy-
roidism and one with a cleft palate.

Outcomes
Survival
Over the last 30  years treatment has improved the outcome for 
patients with AAV. Most patients respond to treatment with 85% of 
patients achieving remission. Factors predicting treatment resist-
ance include older age (Pagnoux et  al., 2008). Patient survival 
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is reported as 45–91% at 5  years and 75–88% at 10  years com-
pared with 80% mortality at 2  years if left untreated (Mukhtyar 
et al., 2008).

Despite advances in therapy, patients continue to have a sub-
stantially higher mortality than a matched background popula-
tion as shown by a recent study of long-term outcomes of patients 
recruited to the EUVAS studies (Flossmann et al., 2011). The mor-
tality rate ratio was 2.6 compared to the normal population, with 
advanced renal failure, increasing age, and a high Birmingham 
Vasculitis Activity Score being the main predictors of an adverse 
outcome. Several other studies have identified increasing age and 
worsening renal function as poor prognostic markers (Hogan et al., 
1996; Reinhold-Keller et al., 2000). Interestingly, in those patients 
recruited to the EUVAS studies there was no difference in survival 
between patients with GPA or MPA (Flossmann et  al., 2011)  in 
contrast to other studies (Hogan et al., 1996; Weidner et al., 2004). 
Mortality is highest in the first year with 1-, 2-, and 5-year survival 
being 88%, 85%, and 78% respectively. Disease and therapy-related 
deaths, particularly infection, account for the majority of deaths in 
the first year. Infection remains an important cause of death even 
beyond 1 year, but malignancy and cardiovascular disease are also 
common (Flossmann et al., 2011).

Renal outcome
End-stage kidney disease (ESKD) is not uncommon in patients with 
AAV; approximately 20% of those presenting who have evidence of 
renal involvement will develop ESKD by 5 years (Nachman et al., 
1996; Booth et al., 2003). In a multivariate analysis renal survival 
was best predicted by presenting serum creatinine and percent-
age of normal glomeruli in the diagnostic biopsy (de Lind van 
Wijngaarden et al., 2006; Day et al., 2010). However, even in those 
presenting with severe histological findings and very low numbers 
of normal glomeruli, treatment should be given as the chance of 
renal recovery is greater than for therapy-related death (de Lind 
van Wijngaarden et al., 2007).

A simple histological classification of ANCA-associated renal 
vasculitis divides biopsies into focal (> 50% normal glomeruli), 
crescentic (> 50% glomeruli have cellular crescents), sclerotic  
(> 50% glomeruli have fibrotic change), and mixed (crescentic/
sclerotic) (Berden et  al., 2010). These categories associated well 
with risk of ESRD (Fig. 160.2). The interstitium contains T- and 
B-cell infiltrates and T-cell tubulitis predicts a worse renal outcome 
(Berden et al., 2012).

Patients who develop ESKD should be considered for transplan-
tation, which is a safe and effective option. Using United Network 
for Organ Sharing (UNOS) data from 1996 to 2007, 919 patients 
with ESKD secondary to GPA were identified. Adjusted outcomes 
for graft loss, death, or functional graft loss were better in those 
patients with GPA compared to other causes of ESKD (Shen et al., 
2011). Relapses are uncommon following transplantation (Geetha 
et al., 2011). Similar to other patients with ESKD, survival is better 
in AAV patients who receive a kidney transplant compared to those 
who remain on dialysis (Merino et al., 2011). Outcome in those 
patients who remain on dialysis is similar to other causes of ESKD 
(Weidanz et al., 2007; Merino et al., 2011).

Quality of life
Despite resolution of disease activity, poor quality of life often 
persists in AAV patients with fatigue often described as the main 

contributor (Basu et al., 2010; Herlyn et al., 2010). In one study, 
92% of 265 AAV patients ranked fatigue as their most signifi-
cant symptom. Fatigue is not easily explained by disease factors 
(Faurschou et al., 2010). The mechanisms of fatigue are likely to 
be complex, with a balance between disease and psychosocial fac-
tors being important. Interestingly, despite many patients having 
significant organ damage due to disease, quality of life measures do 
not appear to correlate with the extent of damage.

Future directions
Reducing diagnostic delay will have a major impact on outcomes 
but requires understanding of where patients present and subse-
quent referral pathways. Improved education of referring medical 
specialties and wider use of ANCA testing and urine analysis will 
facilitate earlier referral. Management in a sub-specialist vasculitis 
clinic with rapid access to associated specialities including ENT and 
respiratory medicine allows a coordinated approach to patient care 
and optimal assessment of disease extent and treatment response. 
Careful supervision of therapy, especially cyclophosphamide and 
high-dose glucocorticoids, has led to major reductions in severe 
adverse events over the last 20  years and late treatment-related 
toxicity. This is likely to be further improved by the availability of 
rituximab as an alternative to cyclophosphamide.

Glucocorticoids, delayed treatment response, and a high relapse 
rate are important components of the unmet need of current vas-
culitis therapies. Potential alternatives to glucocorticoids, such as 
IV immunoglobulin or TNF-α blockade, have proved impractical 
or ineffective. Targeted therapies at other cytokine, complement, or 
immune components may provide an opportunity to reduce gluco-
corticoids, such as the use of anti-TNF or IL-6 receptor antibodies. 
Rituximab has not led to a lower relapse rate than cyclophospha-
mide and there is uncertainty as to how to prevent relapse after 
rituximab induction. Other B-cell targeted therapies may be more 
effective or B-cell therapies may need to be continued during the 
remission phase.

The causes of impaired quality of life despite vasculitis remission 
are not understood, although subclinical disease activity is likely 
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in some patients. Other factors include ongoing treatment toxicity 
and irreversible damage. Newer therapies may impact on quality of 
life but there is no evidence for rituximab doing so currently.
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CHAPTER 161

The patient with systemic 
lupus erythematosus: overview 
and pathogenesis
Johan van der Vlag and Jo H. M. Berden

Overview
Systemic lupus erythematosus (SLE) is a systemic autoimmune 
disease with various clinical manifestations. The hallmark of SLE 
is the presence of antibodies against nuclear constituents, like 
double-stranded (ds)DNA, histones, and nucleosomes (Mohan 
et al., 1993; Burlingame et al., 1994). Local deposition of antinu-
clear antibodies in complex with nuclear autoantigens induces 
serious inflammatory conditions that can affect several tissues and 
organs, including the kidney (Tsokos, 2011).

The levels of antinucleosome and anti-dsDNA antibodies seem 
to correlate with glomerulonephritis and these autoantibodies can 
often be detected years before the patient is diagnosed with SLE 
(Arbuckle et al., 2003). Apoptotic debris is present in the extra-
cellular matrix and circulation of patients with SLE (Rumore 
and Steinman, 1990; Grootscholten et al., 2003; van Bavel et al., 
2011) due to an aberrant process of apoptosis and/or insufficient 
clearance of apoptotic cells and apoptotic debris (Dieker et al., 2004; 
Munoz et al., 2008). The non-cleared apoptotic debris in patients 
with SLE may lead to activation of both the innate (myeloid and 
plasmacytoid dendritic cells) and adaptive (T and B cells) immune 
system (Fransen et  al., 2010; Bouts et  al., 2012). In addition to 
the activation by apoptotic debris and immune complexes, the 
immune system in SLE may be deregulated at the level of (a) pres-
entation of self-peptides by antigen-presenting cells, (b) selection 
processes for both B and T cells, and (c) regulatory processes of 
B- and T-cell responses (Tsokos, 2011; Guerra et al., 2012; Liu and 
Davidson, 2012).

Lupus nephritis (see Chapter 162) may be classified in different 
classes based on histological findings in renal biopsies (Weening 
et  al., 2004). The chromatin-containing immune complexes 
deposit in the capillary filter, most likely due to the interaction of 
chromatin with the polysaccharide heparan sulphate (van Bavel 
et al., 2008; O’Flynn et al., 2011; van der Vlag and Berden, 2011). 
A decreased renal expression of the endonuclease DNaseI further 
contributes to the glomerular persistence of chromatin and the 
development of glomerulonephritis (Zykova et al., 2010; Fismen 
et al., 2011; Seredkina and Rekvig, 2011). 

Current treatment of lupus nephritis (see Chapter 163) is not 
specific and aims to reduce the inflammatory response with 
general immunosuppressive therapies. However, research has 

revealed novel potential therapeutic candidates at the level of den-
dritic cells, B cells, T cells, and cytokines (Tsokos, 2011; Liu and 
Davidson, 2012).

Pathogenesis: introduction
SLE particularly affects women during their fertile age. In the 
United States, the prevalence of SLE is about 50 per 100,000 per-
sons. Autoantibodies against double-stranded (ds)DNA, nucle-
osomes, histones are characteristic for SLE (Mohan et  al., 1993; 
Burlingame et  al., 1994). Glomerulonephritis is one of the most 
serious clinical manifestations in SLE. The American College of 
Rheumatology (ACR) has designated 11 criteria for lupus cover-
ing the major clinical and laboratory features of the disease (see 
Table 161.1). A patient meeting four or more criteria out of 11 is 
diagnosed with SLE with 95% specificity and 85% sensitivity (Tan 
et al., 1982; Hochberg, 1997).

SLE has a multifactorial aetiology that is still not fully under-
stood. The pathogenesis depends on a genetic predisposition, with 
contributing factors that may include infections, environmental 
factors, like sunlight and toxins, and hormonal factors (Tsokos, 
2011). In the online database Online Mendelian Inheritance in Man 
((OMIM) <http://www.ncbi.nlm.nih.gov/omim>) > 140 genes have 
been genetically associated in one way or another with SLE, while in 
PubMed (<http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed>), 
the term lupus reveals > 66,000 scientific articles, which under-
scores the complexness of the pathogenesis of SLE.

The levels of antinucleosome and anti-dsDNA antibodies seem 
to correlate with glomerulonephritis and are already detectable 
before disease manifestations (Arbuckle et  al., 2003). The main 
question that can be raised is how in SLE an autoimmune response 
is mounted against chromatin that normally is shielded from the 
immune system due to its location in the nucleus. Apoptotic mate-
rial is present in the extracellular matrix and the circulation of 
patients with SLE (Rumore and Steinman, 1990; Grootscholten 
et al., 2003; van Bavel et al., 2011). The presence of apoptotic mate-
rial may be the result of an aberrant process of apoptosis, either 
caused by an increased rate of apoptosis or apoptosis at the wrong 
moment or location (see Table 161.3 for an overview of factors) 
(Dieker et al., 2004; Munoz et al., 2008; Fransen et al., 2009). An 
insufficient clearance of apoptotic cells and debris provides an 
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additional explanation for the persistent presence of apoptotic 
material in patients with SLE (see Table 161.4 for an overview) 
(Dieker et al., 2004; Fransen et al., 2009). The innate and adaptive 
immune system may thereby be activated in several ways: (a) apop-
totic blebs and apoptotic chromatin, containing apoptosis-induced 
modifications, may lead to activation of myeloid dendritic cells 
(mDCs) via ligation of toll-like receptors (TLRs).These activated 
mDCs may present histone peptides in an immunogenic fash-
ion to autoreactive T cells. Activated autoreactive T cells may 
activate autoreactive B cells specific for chromatin; (b) particular 
RNA-containing immune complexes may activate plasmacytoid 
dendritic cells (pDCs) via ligation of TLR7, leading to the produc-
tion of type I  interferons like IFN-α. Also chromatin-containing 
constituents of granulocytes, NETs (neutrophil extracellular traps) 
lead to activation of pDCs; (c) autoreactive B cells may be directly 
activated by apoptotic chromatin (Ronnblom et al., 2009; Fransen 
et al., 2010; Tsokos, 2011; Bouts et al., 2012; Liu and Davidson, 
2012). This chapter will mainly focus on the first two pathways 
of immune activation. In addition to the three aforementioned 
pathways of immune activation, the immune system in SLE may 
be deregulated at the level of (a) presentation of self-peptides by 
antigen-presenting cells, (b)  selection processes for both B and 
T cells, and (c)  regulatory processes of B- and T-cell responses, 
including cytokines (Tsokos, 2011; Guerra et  al., 2012; Liu and 

Davidson, 2012). See Table 161.2 for an overview of key factors 
implicated in the pathogenesis of SLE.

The pathogenesis of lupus nephritis is as complex as the aetiology 
of SLE, and several histological classifications have been proposed 
(Weening et al., 2004). The chromatin-containing immune com-
plexes deposit in the capillary filter, most likely due to the interac-
tion of positively charged histones in chromatin with the negatively 
charged polysaccharide heparan sulphate in the glomerular base-
ment membrane and endothelial glycocalyx (van Bavel et al., 2011; 
van der Vlag and Berden, 2011; O’Flynn et al., 2011). A decreased 
renal expression of the endonuclease DNaseI further contributes 
to the development of glomerulonephritis (Zykova et  al., 2010; 
Fismen et al., 2011; Seredkina and Rekvig, 2011). Current treatment 
of lupus nephritis is not specific and aims to reduce the inflamma-
tory response with general immunosuppressive drugs. However, 
research in the last decade has revealed novel therapeutic targets 
at the level of dendritic cells, B cells, T cells, and cytokines (Tsokos, 
2011; Kulkarni and Anders, 2012; Liu and Davidson, 2012).

Apoptosis and survival defects in systemic 
lupus erythematosus
Background of apoptosis and survival defects in SLE
Apoptosis is the process of programmed cell death and is involved 
in the formation, shaping, and maintenance of tissues and organs, 
including the regulation of the immune response by deletion of B 
and T cells. Apoptosis can be induced by intrinsic factors, such as 
DNA damage, and by extrinsic factors, such as, for example, the 
binding of Fas ligand to the Fas receptor. Apoptosis follows a cas-
cade of signal transduction pathways that include caspases and 
endonucleases. Characteristic for apoptosis at the molecular level 
is the fragmentation of chromatin and at the cellular level the seg-
regation of apoptotic blebs. Apoptotic blebs contain autoantigens 
targeted in SLE. In patients with SLE, apoptotic cells and immune 
complexes with nuclear autoantigens, such as nucleosomes, have 
been observed in several tissues, such as the germinal centre of the 
lymph nodes, the epidermis, the kidneys, and the circulation. A list 
of factors associated with apoptosis and SLE is provided in Table 
161.3 (Fransen et al., 2009; Guerra et al., 2012). Data are derived 
from studies in both patients and mice, and some key factors will 
be briefly discussed.

Aberrant apoptosis induction and survival 
signals in SLE
One of the classical pathways which lead to the induction of apopto-
sis involves the Fas receptor (CD95; FasR) and Fas ligand (CD95L; 
FasL) couple. FasL is only expressed on immune cells, whereas FasR 
is expressed on non-immune cells as well. Mice deficient in FasR 
(lpr) or FasL (gld) show lymphoproliferation and development of 
SLE-like features. Mutations in the genes encoding FasR or FasL 
in humans lead to familial autoimmune lymphoproliferative syn-
drome, but not to SLE. In patients with juvenile onset of SLE an 
increased expression of FasR on T cells has been detected (Fransen 
et al., 2009).

Proteins of the Bcl-2 family are important regulators of apoptosis 
associated with SLE, and can be either anti-apoptotic (e.g. Bcl-2) 
or pro-apoptotic (e.g. Bim). Defects in Bim lead to the persistence 
of autoreactive B and T cells, the survival of antigen-presenting 

Table 161.1 ACR revised classification criteria for systemic lupus 
erythematosus

Criterium Definition

Malar rash Fixed erythema, flat or raised, over the malar eminences, 
tending to spare the nasolabial folds

Discoid rash Erythematous raised patches with adherent keratotic 
scaling and follicular plugging

Photosensitivity Skin rash as a result of unusual reaction to sunlight

Oral ulcers Oral or nasopharyngeal ulceration

Arthritis Non-erosive arthritis involving two or more peripheral 
joints

Serositis A. Pleuritis or

B. Pericarditis

Renal disorder A. Persistent proteinuria (> 0.5 g/day) or

B. Cellular casts

Neurologic 
disorder

A. Seizures, or

B. Psychosis

Haematologic 
disorder

A. Haemolytic anaemia or

B. Leucopenia or

C. Lymphopenia or

D. Thrombocytopenia

Immunologic 
disorder

A. Abnormal titre of antibodies to native DNA or

B. Presence of antibody to Sm nuclear antigen or

C. Positive finding of antiphospholipid antibodies

ANA Abnormal titre of antinuclear antibodies

From Tan et al. (1982) and Hochberg (1997).
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cells, like DC, and are thereby facilitating the induction of auto-
immunity. An increased expression of Bcl-2 on the other hand 
leads to apoptosis-resistant (autoreactive) lymphocytes (Fransen 
et al., 2009).

Integrin alpha-M, (ITGAM (CD11/CD18)) has been identi-
fied in genome-wide screens to be associated strongly with SLE. 
ITGAM functions in the regulation of apoptosis in neutrophils, 
but also in leucocyte adhesion and complement C3b binding. The 
precise function of ITGAM in neutrophil survival remains unclear 
(Nath et al., 2008).

A lack of survival signals also can lead to apoptosis. B-cell 
survival signals affected in SLE include the cytokine B-cell acti-
vating factor (BAFF), also known as BLyS, which binds to the 
BAFF-receptors, BAFFR, TACI, and BCMA. BAFF signalling is 
required for the maintenance of autoreactive B cells in the mar-
ginal zone, and an increased BAFF expression in mice results in 
the development of autoimmunity and SLE-like manifestations. 
Mouse models for lupus, like MRL/lpr and (NZBxNZW)F1, are 
characterized by a high expression of BAFF, whereas treatment 
of these lupus mice with a soluble receptor for BAFF, TACI, 
decreases mortality and inhibits the development of proteinuria 
(Cancro et al., 2009). In patients with SLE, elevated BAFF levels 
are present, which correlate with anti-dsDNA titres. In patients 

with SLE, a polymorphism in APRIL, related to the BAFF pro-
tein, has been identified as well. Recently a monoclonal antibody 
directed against BAFF, belimumab, was successfully used in 
patients with SLE (Dooley et al., 2013). Coronin-1A was identified 
in genome-wide screens to be associated with SLE and appeared 
to be a survival signal for T cells. Coronin-1A is associated with 
the actin cytoskeleton and a mutation in Coronin-1A is able to 
suppress autoimmunity and lupus nephritis in animal models for 
SLE (Haraldsson et al., 2008).

Neutrophil extracellular traps in SLE
Neutrophils may play an important role in the pathogenesis of 
SLE. Neutrophils can spill so-called neutrophil extracellular traps 
(NETs), which consist of their total chromatin and associated pep-
tides with anti-microbial activity like LL37 and HNP. This process 
of NET formation is called NETosis and can be considered as a spe-
cial case of apoptosis (Fuchs et al., 2007). The NETs are meant to 
capture microbes, but can also have adverse effects, as insufficient 
degradation of NETs is linked to SLE and lupus nephritis. Serum 
of patients with SLE contains anti-LL37 and anti-HNP antibodies, 
which correlate with anti-DNA antibody titres, indicating that these 
DNA-antimicrobial peptide complexes may serve as B cell autoan-
tigens. These anti-LL37 and anti-HNP antibodies further facilitate 

Table 161.2 Pathogenic factors associated with SLE

Factor name Abbreviation Function

Major histocompatibility complex class II HLA-DRB1 Binding and presenting antigenic peptides to T cells

Protein C-ets-1 ETS1 Transcription factor controlling differentiation and activation of B and T lymphocytes

Ikaros family zinc finger protein 1 IKZF1 Transcription factor controlling differentiation and activation of B and T lymphocytes

Protein tyrosine phosphatase, non-receptor type 
22

PTPN22 Tyrosin phosphatase involved in B- and T-lymphocyte activation

Tumour necrosis factor (ligand) superfamily4 TNFSF4 Activation and adhesion of T cells

Programmed cell death-1 PDCD-1

(PD-1)

Negative regulator of activated T cells; required for development of regulatory T cells

Src homology 2 domain-containing transforming 
protein C1

Shc1 or 
p66Shc

Negative regulator of activated T cells

Signal transducer and activator of transcription4 STAT4 Transcription factor regulating T-cell development, T-cell activation, and cytokine 
production

cAMP-responsive element modulator CREM Transcription factor regulating IL-2 and IL-17 transcription in T cells

B-cell scaffold protein with ankyrin repeats BANK1 Activation of B cells

B-lymphocyte kinase BLK Tyrosine kinase involved in B-cell activation

Toll-like receptor 2 TLR2 Receptor on phagocytes; binds nucleosome-associated high mobility group box protein 1 
(HMGB1)

Toll-like receptors 7 and 9 TLR7 and -9 Endosomal receptor in phagocytes; binds single-stranded RNA/DNA, double-stranded 
DNA, respectively

Interleukin-1 receptor-associated kinase1 IRAK1 Kinase in downstream signalling pathways of the interleukin-1 receptor and toll-like 
receptors

Interferon regulatory factors 5 and 7 IRF5 and 7 Transcription factors regulating interferon alpha and beta production

Interferon regulatory factor 8 IRF8 Transcription factor controlling differentiation and activation of dendritic cell subsets

Interferon alpha IFN-α Cytokine with multiple effector functions (e.g. affecting T- and B-cell responses and survival)

Factors related to apoptosis and clearance are listed in Tables 161.3 and 161.4.

From Fransen et al. (2009), Guerra et al. (2012), and Tiffin et al. (2012).
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the process of NETosis (Bouts et al., 2012). In particular, the NETs 
are able to activate plasmacytoid dendritic cells (see ‘The role of 
plasmacytoid dendritic cells and IFN-α in SLE’) (Hakkim et  al., 
2010; Garcia-Romo et al., 2011; Kaplan, 2011; Lande et al., 2011; 
Bouts et al., 2012). Histones within NETs contain post-translational 
modifications including acetylation and methylation, which also 
may play a role in breaking the tolerance to NET-associated pro-
teins; however, this mechanism has not yet been confirmed (Liu 
et al., 2012).

Apoptosis-induced autoantigen modifications 
in systemic lupus erythematosus
Autoantigens can be modified during apoptosis, whereby these 
modifications may facilitate breaching of tolerance. Autoantigens in 
SLE are prone to cleavage by caspases and endonucleases. Cleavage 
products of caspase and granzyme B, a protease that is activated 
in cytotoxic T-cell-induced apoptosis, appear to be more immu-
nogenic than the intact molecules (Casciola-Rosen et al., 1999; Utz 
et al., 2000). In addition, autoantigens, including chromatin, may 
be post-translational modified through covalent addition of acetyl, 
phosphoryl, methyl, ubiquitin, citruline, ADP, or glutamine moie-
ties. Autoantibodies against the aforementioned modifications are 
present in patients with SLE (Utz and Anderson, 1998; Doyle and 
Mamula, 2005; Munoz et  al., 2008). Specific apoptosis-induced 
hyperacetylation patterns on histones H2A, H2B, and H4, as well as 
a specific methylation pattern on H3 have been associated with SLE 
(Dieker et al., 2007; van Bavel et al., 2009, 2011; Price et al., 2012). 
Plasma from patients with SLE and lupus mice reveal a higher reac-
tivity with the identified acetylation and methylation patterns on 
histones, whereas hyperacetylated nucleosomes lead to maturation 
of DC from lupus-prone mice (see ‘Dendritic cells in SLE’) (Dieker 
et al., 2007).

In summary, several factors involved in the induction of apopto-
sis, anti-apoptotic factors, and survival factors are associated with 
SLE and glomerulonephritis. See Table 161.3 for an overview of fac-
tors related to apoptosis and survival defects in SLE. In addition, 
apoptosis-induced chromatin modifications and NETs have been 
linked to SLE.

Clearance defects in systemic lupus 
erythematosus
Background of clearance defects in SLE
The mechanisms described in the previous paragraph explain how 
normally inaccessible autoantigens can become exposed to the 
immune system. In addition to an aberrant apoptosis, an impaired 
removal may lead to the accumulation of apoptotic cells and debris. 
Normally, apoptotic cells are swiftly removed through phagocyto-
sis by professional phagocytes, such as macrophages, B cells and 
dendritic cells in a non-inflammatory or even anti-inflammatory 
manner. Depending on the context, phagocytosis of apoptotic cells 
may also result in a pro-inflammatory response, as will be detailed 
in later sections. The swift removal of apoptotic cells and debris 
normally prevents potentially harmful molecules being released. 
In the case of SLE the clearance capacity is apparently insufficient, 
and consequently apoptotic blebs will segregate from apoptotic 
cells. These apoptotic blebs contain clustered SLE-autoantigens, 
such as (modified) chromatin (Rosen and Casciola-Rosen, 1999). 

As discussed, in addition to apoptotic blebs, NETs can be released 
from neutrophils and be considered as apoptotic chromatin as 
well. The release of apoptotic chromatin autoantigens not only 
leads to the induction of autoimmunity but also to the formation 
of immune complexes. These immune complexes can deposit in 
the glomerular basement membrane thereby inciting a severe 
glomerulonephritis. So, both for the initiation of the immune 
response and the local inflammatory response, insufficient clear-
ance may be a contributing factor in SLE. There is convincing evi-
dence for clearance defects of apoptotic cells and debris in SLE. 
In fact it was clearly demonstrated that the clearance of apoptotic 
material by phagocytes is impaired in both lupus mice and patients 
(Herrmann et al., 1998; Licht et al., 2004). Downregulation of the 
expression of the endonuclease DNaseI in the kidney further con-
tributes to the development of lupus nephritis (Seredkina and 
Rekvig, 2011). Factors associated with clearance defects in SLE are 
listed in Table 161.4 (Fransen et al., 2009; Guerra et al., 2012). Data 
are derived from studies in both patients and mice, and some key 
factors will be briefly discussed.

Aberrant recognition and opsonization  
of apoptotic cells in SLE
Cells undergoing apoptosis display ‘come and get me’ signals, like 
the lipid phosphatidylcholine (PC) or the protein thrombospondin, 
and ‘eat me’ signals, like the lipid phosphatidylserine (PS). These 
signals attract phagocytes and facilitate phagocytosis mediated by 
receptors on phagocytes. Bridging molecules, such as, for example, 
opsonins, serve as an additional link between the signals on the 

Table 161.3 Factors associated with apoptosis and survival 
defects in SLE

Factor name Abbreviation Function

Integrin alpha M ITGAM (CD11/
CD18)

Regulator of apoptosis in 
neutrophils and binds to 
C3b-coated apoptotic cells

Fas receptor FasR (CD95) Inducer of apoptosis

Fas ligand FasL (CD95L) Inducer of apoptosis

BCL2-like 11 (apoptosis 
facilitator)

BCL2L11 or Bim Inducer of apoptosis

B-cell lymphoma protein 
family

Bcl-2, BFl-1, Bcl-XL Inhibitor of apoptosis

Src homology 2 
domain-containing 
transforming protein C1

Shc1 or p66Shc Mediator of apoptosis  
in T cells

B-cell activating factor 
receptors

BAFFR

TACI

BCMA

Survival signal for B cells

B-cell activating factor BAFF (BLyS) Survival signal for B cells 
(binds to all BAFF receptors)

A proliferation-inducting 
ligand

APRIL Survival signal for B cells 
(binds to TACI and BCMA)

Coronin-1A Coro1a Survival factor for T cells

From Fransen et al. (2009) and Guerra et al. (2012).
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surface of the apoptotic cell and the receptors on the phagocyte. 
Deficiencies in these components can lead to decreased clearance 
of apoptotic cells and to the development of SLE in humans and 
mice (Savill et al., 2002; Munoz et al., 2008; Fransen et al., 2009).

An important apoptotic cell signal for clearance is PS that is pre-
sent at the outer cell membrane rapidly after the induction of apop-
tosis. PS is bound directly by receptors on the phagocyte or indirectly 
via bridging molecules or opsonins. The phagocytic cells express 
multiple receptors including the PS receptor, Milk fat globule-EGF 
factor 8 protein (MFGE8), complement factor C1q receptor, c-Mer 
proto-oncogene tyrosine kinase (MERTK), ITGAM, and mac-
rophage receptor with collagenous structure (MARCO), which all 
enable binding of apoptotic cells. Macrophages deficient in these 
receptors show an impaired clearance of apoptotic cells and mice 
deficient in these receptors develop an increased number of anti-
nuclear autoantibodies, indicating that defects in these receptors 
play a role in the development of SLE (Munoz et al., 2008; Fransen 
et al., 2009).

Bridging molecules and opsonins that play an important role 
in the clearance of apoptotic cells include complement C1q, pen-
traxins (PTX3), mannan-binding lectin (MBL), C-reactive protein 
(CRP), and serum amyloid P protein (SAP). Targeting of these 
molecules leads to autoimmunity and SLE-like features, includ-
ing glomerulonephritis. The complement molecules C1q and MBL 
bind to late apoptotic cells in particular. C1q is an opsonin and 
required for uptake of degraded chromatin. Mice lacking C1q 
develop SLE, while in humans C1q deficiency always is associ-
ated with SLE. Polymorphisms in the MBL gene and low serum 
levels of MBL have been associated with SLE as well. CRP bind-
ing to apoptotic debris in conjunction with anti-CRP antibod-
ies facilitates phagocytosis with a pro-inflammatory outcome. 
Binding of autoantibodies to apoptotic cells and particles is the 
classical example of opsonization, thereby facilitating phagocyto-
sis via Fc-receptors on phagocytes (Sarmiento et al., 2007). Both 
the FcγRIIA and FcγRIIB receptor are genetically associated with 
the susceptibility to develop lupus nephritis (Munoz et al., 2008; 
Fransen et al., 2009).

DNaseI, the major endonuclease that fragments chromatin dur-
ing apoptosis, is associated with SLE. DNaseI deficiency leads to the 
accumulation of non-fragmented apoptotic chromatin (Napirei et al., 
2000). The 3′–5′ repair exonuclease (TREX1), another DNA metabo-
lizing enzyme, is also associated with SLE (Rice et al., 2009). TREX1 
facilitates the degradation of the reversed transcribed single-stranded 
DNA from retroviral elements. TREX1 deficiency leads to the accu-
mulation of single-stranded DNA and the production of IFN-α by 
pDCs. Insufficient endonuclease activity also leads to the persistent 
presence of NETs (see ‘Neutrophil extracellular traps in SLE’).

Aberrant clearance of apoptotic cells in germinal 
centres in SLE
In addition to the systemic presence of apoptotic chromatin in the 
extracellular matrix and circulation, the accumulation of apoptotic 
debris in germinal centres of patients with SLE has been shown. In 
normal lymph nodes, apoptotic nuclei can be detected inside tan-
gible body macrophages. Non-ingested apoptotic nuclei are often 
found outside these cells in SLE. Sometimes nuclear debris can be 
observed at the surfaces of follicular dendritic cells, which normally 
retain complement-opsonized immune complexes on their sur-
faces, thereby facilitating affinity maturation of B cells. Therefore, 

in SLE, clearance deficiency leads to the accumulation of apoptotic 
material on the follicular dendritic cells. The presence of not cleared 
apoptotic material at those sites may explain the loss of peripheral 
B-cell tolerance (Baumann et al., 2002; Munoz et al., 2008).

In summary, several factors involved in the attraction, recog-
nition, and phagocytosis of apoptotic cells, and fragmentation of 
chromatin, are associated with SLE and glomerulonephritis. See 
Table 161.4 for an overview of factors related to clearance defects 
in SLE.

Dendritic cells in systemic lupus 
erythematosus
The role of myeloid dendritic cells in SLE
Two main subsets of dendritic cells can be distinguished, mDCs 
and pDCs, which differ in their lineage and their expression of 
receptors, including the TLRs. In patients with SLE, soluble apop-
totic chromatin is present in the circulation and the extracellular 
matrix (Rumore and Steinman, 1990; Grootscholten et al., 2003; 

Table 161.4 Factors associated with clearance defects in SLE

Factor name Abbreviation Function

Integrin alpha M ITGAM

(CD11/CD18)

Binds to C3b-coated apoptotic 
cells and regulates apoptosis in 
neutrophils

Milk fat globule-EGF 
factor 8 protein

MFGE8 Binds to PS on apoptotic (B) cells and 
mediates uptake by phagocytes

c-mer 
proto-oncogene 
tyrosine kinase

MERTK Mediates uptake of apoptotic cells by 
phagocytes

Macrophage 
receptor with 
collagenous 
structure

MARCO Binds and clears apoptotic cells in the 
marginal zone of the spleen and in 
the thymus

Mannan-binding 
lectin

MBL Binds to apoptotic cells and mediates 
uptake by phagocytes

Complement 
component 1, q 
subcomponent

C1q Binds to apoptotic cells and mediates 
uptake by phagocytes

Pentraxin-related 
gene

PTX3 Binds to apoptotic cells and mediates 
uptake by phagocytes

Serum amyloid 
P-component

SAP Binds to apoptotic cells and mediates 
uptake by phagocytes

C-reactive protein CRP Binds to apoptotic cells and mediates 
uptake by phagocytes

Fcγ receptor IIB FCGRIIB 
(CD32)

Clears IgG immune complexes

Fcγ receptor IIA FCGRIIA

(CD32)

Clears IgG immune complexes

3′–5′ repair 
exonuclease 1

TREX1 Degrades single-stranded DNA 
reversed transcribed from retroviral 
elements

Deoxyribonuclease I DNase1 Fragments chromatin

From Fransen et al. (2009) and Guerra et al. (2012).
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van Bavel et  al., 2011). In addition, apoptotic blebs are present 
that contain clustered autoantigens, including apoptosis-induced 
chromatin (Rosen and Casciola-Rosen, 1999). The classical view is 
that macrophages can ingest apoptotic cells, blebs, and debris in an 
anti-inflammatory manner, which is characterized by the produc-
tion of transforming growth factor beta and interleukin (IL)-10.  
In addition, dendritic cells encountering autoantigens without 
being activated will induce immunological tolerance. The balance 
between immunity and tolerance apparently is skewed towards 
autoimmunity in SLE. mDCs can be activated by apoptotic blebs 
and modified chromatin, and after ingestion mDCs present the 
modified histone peptides in a pro-inflammatory manner to T cells, 
thereby initiating an autoimmune response (Fransen et al., 2010). 
In vitro apoptotic bleb and apoptotic chromatin-matured mDCs 
show an increased expression of co-stimulatory molecules (CD86 
and CD40) and increased secretion of proinflammatory cytokines 
(IL-1β, IL-6, and tumour necrosis factor alpha (TNF-α)) (Boule 
et al., 2004, 2012; Fransen et al., 2009a, 2009b). Chromatin of via-
ble cells is less potent in activating mDCs. The effect of apoptotic 
blebs on mDCs is probably independent from TLR-3, -7, and -9.  
High-mobility group protein B1 (HMGB1) remains attached to 
apoptotic chromatin and appears crucial in activation of mDCs. 
TLR2 binds the HMGB1-complexed chromatin (Urbonaviciute 
et al., 2008). Presentation by activated mDCs of the ingested modi-
fied chromatin to autoreactive T cells may be the first step in break-
ing the immunological tolerance that may occur in patients with 
SLE. The secretion of IL-2, IFN-γ, and IL-17 in co-cultures of 
mDCs and T cells suggests T-cell polarization towards the T helper 
(Th)-1 and Th17 subtypes, while there is proof for a Th17 response 
in patients with SLE (Fransen et al., 2009b, 2010). IL-6 concentra-
tions, produced by activated mDCs, are high in patients with SLE, 
which inhibit the development of regulatory T cells (TREG) while 
it stimulates the development of Th17 cells, a feature linked to 
other autoimmune diseases as well. Th17 cells may activate auto-
reactive B cells and recruit inflammatory cells to specific organs 
(Garrett-Sinha et al., 2008). Activated autoreactive T cells, specific 
for apoptosis-modified histone peptides can also activate B cells 
which recognize either modified or unmodified parts of chroma-
tin with their receptor, which results in the production of autoan-
tibodies directed to modified and unmodified chromatin (DNA, 
histones, nucleosomes) via epitope spreading. After formation of 
autoantibodies, immune complexes with circulating chromatin are 
formed that can activate mDCs, thereby creating an amplification 
loop in the immune response against apoptotic chromatin.

The role of plasmacytoid dendritic cells  
and IFN-α in SLE
Plasmacytoid DC express TLR7 and TLR9, whereas mDCs from 
human blood do not abundantly express these specific TLRs. pDCs 
are not so big eaters as mDCs, and, for example, do not ingest 
apoptotic blebs. Immune complexes composed of nucleic acids and 
antibodies specific for these nucleic acids or associated proteins are 
ingested by pDCs via FcγRIIA. Subsequently, via ligation of TLR7 
and TLR9 the pDCs are activated, thereby initiating the production 
of type I IFNs, with IFN-α as key cytokine. In patients with SLE, 
a type I IFN response is frequently observed, indicating that pDC 
activation is a central event in the pathogenesis of SLE. IFN-α has 
a broad range of effector functions, which include mDC matura-
tion, B-cell activation, T-cell activation, and enhancing NETosis, 

thereby amplifying the autoimmune response against chromatin 
(Ronnblom et  al., 2009). In addition to nucleic acid-containing 
immune complexes, the previously introduced NETs also trigger 
pDCs to produce IFN-α (Garcia-Romo et al., 2011; Kaplan, 2011; 
Lande et al., 2011; Bouts et al., 2012).

Renal pathogenicity of antichromatin 
autoantibodies in lupus nephritis
The deposition of immune complexes containing anti-chromatin 
and chromatin in basement membranes is typical for a type III 
immunological reaction of which SLE is the prototype disease. 
Essentially two models exist to explain the pathogenicity in lupus 
nephritis of anti-chromatin antibodies in general, and anti-dsDNA 
antibodies in particular. In the first model, cross-reactivity of 
anti-dsDNA antibodies with intrinsic glomerular structures such as 
laminin, type IV collagen, or α-actinin initiates the inflammatory 
reaction. In the second model, chromatin mediates the binding of 
anti-chromatin antibodies to glomerular structure such as heparan 
sulphates that are present in the glomerular basement membrane 
and in the glomerular endothelial glycocalyx (van Bavel et al., 2008; 
van der Vlag and Berden, 2011). Most evidence is in favour of the 
second model. The presence of chromatin bound to anti-dsDNA 
antibodies used in research could serve as an explanation for appar-
ent cross-reactive binding, since removal of chromatin from these 
antibody preparations leads to loss of the cross-reactivity (Termaat 
et  al., 1990). Now it is clear that in vivo bound anti-chromatin 
antibodies in lupus nephritis only co-localize with deposited chro-
matin, and not with intrinsic glomerular structures (Kalaaji et al., 
2006a, 2006b; van Bavel et  al., 2008). The accumulation of large 
chromatin fragments in the kidney is enhanced and facilitated by a 
specific and local shutdown of DNaseI (Zykova et al., 2010; Fismen 
et al., 2011; Seredkina and Rekvig, 2011).

Treatment of lupus nephritis
For the treatment of SLE four primary classes of drugs can be 
distinguished:  non-steroidal anti-inflammatory compounds 
(NSAIDs), antimalarials (e.g. hydroxychloroquine), corticosteroids 
(e.g. prednisone), and cytotoxic/immunosuppressive agents (e.g. 
azathioprine, mycophenolate mofetil, ciclosporin, and cyclophos-
phamide). Current therapies in general are not lupus specific and 
aim to suppress the autoimmune response. However, novel thera-
pies for lupus are emerging; they include antibodies against B cells 
(e.g. rituximab, ocrelizumab, and epratuzumab) and compounds 
affecting the survival of B cells (e.g. belimumab and belatacept 
that bind BlyS and APRIL). Antibodies neutralizing key cytokines 
in the pathogenesis of SLE (e.g. for TNF-α, IFN-α, or IL-6), com-
plement inhibitors, and blockers for the costimulatory interac-
tions between B and T cells, and APC and T cells (e.g. for CD40L, 
CTLA4-Ig) are currently available or developed (Tsokos, 2011; 
Kulkarni and Anders, 2012; Liu and Davidson, 2012). Although 
promising, these novel therapies are not specific for treatment of 
SLE and lupus nephritis. The holy grail in treatment of SLE is to 
induce tolerance against chromatin. Histone-peptides can induce 
tolerance in mouse models for lupus, which is characterized by 
autoantigen-specific expansion of regulatory T cells and contrac-
tion of Th17 cells (Kang et al., 2005, 2007). A leading example of a 
lupus-specific tolerizing peptide is Lupuzor™ (P140 peptide), which 
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is in the clinical trial phase. Lupuzor™ is based on a peptide (pep-
tide 140) derived from the U1-70K snRNP protein, which contains 
a residue (serine 140) that is phosphorylated during apoptosis. In 
lupus mouse models, administration of the P140 peptide reduces 
mortality and proteinuria. In a phase 2a study, Lupuzor™ led to a 
significant reduction of anti-DNA antibodies and improvement 
of the SLE disease activity index (SLEDAI) (Baumann et al., 2002; 
Dieker et al., 2008; Muller et al., 2008).

Concluding remarks
Despite the research conducted and the large number of papers 
published, we do not yet fully understand the aetiology of SLE. 
During the last decades, important factors and processes have been 
identified that may contribute to the development of autoimmun-
ity and lupus nephritis. In Fig. 161.1, an integrated hypothesis for 
the initiation and amplifying processes in SLE is depicted. Central 
processes in the pathogenesis of SLE seem to be apoptosis, includ-
ing NETosis, and the clearance of apoptotic material and NETs. 
Apoptosis-induced chromatin modifications, present in soluble 
chromatin, apoptotic blebs, and immune complexes may lead to 
the activation of mDCs and pDCs. Activated mDCs may initiate a 
mixed Th1/Th17 response, whereas activated pDCs produce type 
I IFNs, with IFN-α as a key player, affecting B and T cells, which 
chronifies the disease. Novel therapeutics should interfere with 
these central processes and aim to induce tolerance.
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CHAPTER 162

The patient with systemic lupus 
erythematosus: clinical features, 
investigations, and diagnosis
Marie Condon, Philippa Dodd, and Liz Lightstone

Introduction
Systemic lupus erythematosus (SLE) is a chronic, relapsing, inflam-
matory, often febrile multisystemic disorder, characterized by 
involvement of the skin, joints, visceral organs, and serosal mem-
branes. Symptoms and manifestations vary widely over an unpre-
dictable relapsing and remitting course.

Clinical features: symptoms 
and physical signs
The presentation of SLE is highly variable, ranging from mild 
forms to severe disease requiring hospitalization. Most commonly 
it manifests as a combination of constitutional symptoms with 
cutaneous, musculoskeletal, mild haematological, and serological 
involvement (Von Feldt, 1995); however, it can be more severe, and 
even life-threatening, when renal, haematological, or central nerv-
ous system (CNS) disease predominates. There is a tendency for 
the disease pattern present at the time of onset to prevail during 
subsequent exacerbations (Fessler and Boumpas, 1995).

Constitutional symptoms
Non-specific fatigue, fever, weakness, anorexia, and unintentional 
weight loss are the most common symptoms of new presentations 
and recurrent disease flares. Fatigue is often multifactorial in origin 
and may be a symptom of an affective disorder (Wang et al., 1998; 
Wolfe et al., 2009) but is perhaps the hardest symptom to evaluate 
and the impact of which on daily life is often underestimated. Fever 
is also common but non-specific with multiple aetiologies includ-
ing active disease, infection, and drug reaction; careful exclusion of 
infection should be sought prior to attributing fever to active SLE, 
particularly in the immune-compromised patient.

Mucocutaneous manifestations
Mucocutaneous manifestations are present in > 80% of patients with 
SLE. Cutaneous manifestations have been categorized according to 
the Gilliam classification of lupus erythematosus (LE) skin disease 
(Sontheimer, 1997). Skin disease falls into three categories—acute 
cutaneous (ACLE), subacute cutaneous (SCLE), and chronic cuta-
neous lupus erythematosus (CCLE). Localized ACLE is widely 

recognized as a classic photosensitive erythematous rash affecting 
the malar eminences and nasal bridge with characteristic sparing of 
the nasolabial folds—the ‘butterfly’ rash of SLE. SCLE lesions exist 
as two morphological variants—annular and papulo-squamous 
types and are also photosensitive. CCLE, more commonly known 
as classic discoid LE, occurs in up to 20–25% of patients with SLE 
(Pistiner et al., 1991). It presents as erythematous papular or macu-
lar lesions, which develop into discoid plaques. Lesions are most 
commonly found on the face, ears, neck, and extensor forearms 
(Rothfield et al., 2006).

Musculoskeletal manifestations
Musculoskeletal manifestations occur in > 95% of patients with SLE 
(Rothfield et al., 2006). Arthralgias are typically migratory affecting 
any joint, usually for less than a 24-hour period. Any joint may be 
affected but most commonly those of the small joints of the hands 
and fingers and the knees. Elbows, shoulders, hips, and sacroiliac 
joints are less commonly affected. Although SLE arthropathy is 
generally considered to be non-deforming, approximately 15–50% 
of patients will suffer deformity akin to that of rheumatoid arthritis 
(van Vugt et al., 1998; Grossman, 2009). Erosions are rarely notable 
on plain radiographs and require more sensitive imaging such as 
magnetic resonance imaging (MRI) for detection (Ostendorf et al., 
2003). Anti-CCP antibody positivity correlates strongly with ero-
sive arthropathy (Chan et al., 2008) and deforming arthropathies 
correlate with anti-Ro and/or -La antibodies (Franceschini et al., 
1994). Femoral osteonecrosis is not uncommon especially in those 
who have received high-dose and/or long-term corticosteroids. 
There is an association between loss of bone mineral density and 
corticosteroid use; however, even those who have never received 
corticosteroids are also at risk.

Ophthalmological manifestations
Ocular disease can occur via immune complex deposition, 
antibody-related mechanisms, vasculitis, and thrombosis. The 
most common ocular disorder occurring in SLE is keratoconjunc-
tivitis sicca due to lacrimal gland dysfunction leading to a reduc-
tion in the aqueous component of tears causing a sensation of 
‘gritty’ eyes. Complications include corneal ulceration and infec-
tion. Episcleritis can occur and is usually self-limiting. Scleritis is 
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much more serious and may threaten sight, especially in associa-
tion with anterior uveitis and may require systemic therapy (Sivaraj 
et al., 2007). Retinal vasculitis can also be present; it may threaten 
sight when there is occlusion of retinal arterioles and consequential 
infarction. Large vessel occlusions from thrombotic vascular dis-
ease typically occur in association with antiphospholipid or anti-
cardiolipin antibody (Ravelli et al., 1993).

Haematological manifestations
Anaemia is a common clinical finding occurring in most through-
out the disease course. The most common aetiology is anaemia 
of chronic disease but iron deficiency anaemia, autoimmune 
haemolytic anaemia (AIHA), anaemia of chronic renal failure, 
and drug-induced myelotoxicity can all contribute significantly. 
Aetiological mechanisms often coexist. Leucopenia is common, 
often reflective of disease activity but may be pharmacologically 
induced (Keeling and Isenberg, 1993). Lymphopenia, affecting par-
ticularly suppressor T cells, is associated with several clinical and 
immunological manifestations of SLE, most often observed dur-
ing periods of higher disease activity (Nossent and Swaak, 1991). 
Neutropenia most often occurs as a result of drug induced mar-
row suppression but may be the result of antineutrophil antibod-
ies, hypersplenism, or primary bone marrow failure such as that 
observed in the haemophagocytic syndrome (Martinez-Banos 
et al., 2006). Thrombocytopenia occurs frequently, almost invari-
ably due to antibody-mediated platelet destruction but severe 
bleeding is unusual. Rarely, platelet consumption may occur in 
conjunction with microangiopathic haemolysis.

Non-coronary cardiac manifestations
Cardiac disease is categorized as pericardial, valvular, myo-
cardial, and coronary in origin. Historically it was severe and 
life-threatening but now, although common, is often mild and 
asymptomatic. Pericardial disease, acute or chronic, is documented 
in up to 54% of patients but often asymptomatic (Doria et al., 2005). 
Valvular cardiac disease is either functional, due to anaemia, fever, 
and tachycardias, or more commonly structural. Thickening of 
valve leaflets, caused by valvulitis then healing with fibrosis, is the 
most common lesion. The mitral valve, including prolapse which 
occurs more frequently in SLE, is more commonly affected then 
the aortic valve. Disease is generally asymptomatic and detected 
clinically by a mild to moderate murmur (Roldan et  al., 1996). 
Libman–Sacks endocarditis is referred to as a more extreme pheno-
type affecting mitral, aortic, and/or tricuspid valves. Approximately 
10% have lesions detectable by transthoracic echocardiography but 
40% by transoesophageal echocardiography (Roldan et al., 2008). 
The valvular lesions consist of immune complexes, mononuclear 
cells, fibrin, and platelet thrombi and healing of the lesions causes 
fibrosis, scarring, and calcification with valve damage and regur-
gitation (Moder et  al., 1999). Although typically asymptomatic, 
systemic embolization and increased risk of secondary infective 
endocarditis occur. Myocarditis manifests clinically as a resting 
tachycardia, cardiomegaly and ST-T wave abnormalities on elec-
trocardiography. Symptoms and signs of cardiac failure, arrhyth-
mias, and conduction abnormalities may accompany cardiomegaly 
(Moder et al., 1999). Myocardial biopsy may be indicated to dif-
ferentiate active myocarditis of SLE from other causes. Conduction 
abnormalities can occur due to fibrosis.

Vascular manifestations
Coronary artery disease (CAD) is a major cause of premature mor-
bidity and mortality with a prevalence of 6–10% in patients suffer-
ing with SLE. Atherosclerosis, coronary arteritis, thrombotic events 
(with or without antiphospholipid antibodies (aPL)), vasospasm, 
and embolization have all been implicated in the development of 
CAD. Accelerated atherosclerosis occurs due to higher rates of tra-
ditional risk factors seen in SLE patients and underlying systemic 
vascular inflammation (Rahman et al., 2000) coupled with the side 
effects of glucocorticoid therapy. Control of secondary risk factors 
and disease control, using steroid-sparing agents where possible, 
underpins treatment strategies. These risk factors also contribute to 
a higher risk and prevalence of cerebrovascular disease. Raynaud’s 
phenomenon and livedo reticularis are also typical features of SLE. 
Increased rates of vascular thrombosis, with or without aPL positiv-
ity, may occur and can result in recurrent thromboembolic disease.

Pulmonary manifestations
Pulmonary involvement may affect the airways, parenchyma, vas-
culature, the pleura, and/or the diaphragm and constitutes the 
presenting problem in 4–5% of cases (Bencivelli et al., 1992) with 
complaints of pleurisy, coughing, and shortness of breath. Pleural 
disease is the most common thoracic manifestation of SLE 
(Crestani, 2005; Torre and Harari, 2011). Effusions are typically 
bilateral, with immune complex deposition thought to underlie 
the pathogenesis. Respiratory tract infection is common due to the 
effect of glucocorticoids, other immunosuppressive medications, 
and the underlying immunological dysfunction characteristic of 
SLE particularly the hypocomplementaemia. Acute disease, mani-
festing as acute lupus pneumonitis (prevalence of 1–4%) and dif-
fuse pulmonary haemorrhage (prevalence of 0.5–5.7%, associated 
with renal disease (Torre and Harari, 2011)), although uncommon 
are potentially life-threatening. Interstitial lung disease affects up to 
one-third of patients with variable degrees of severity. Pulmonary 
embolism has a significantly greater prevalence in SLE sufferers, 
with the presence of aPL leading to a further sixfold increase in risk 
(Wahl et al., 1998).

Gastrointestinal manifestations
Gastrointestinal manifestations affect approximately half of patients 
reflecting the effect of lupus or medications used in its treatment 
(Ebert and Hagspiel, 2011). Dysphagia is a common complaint 
usually resulting from hypomotility attributable to ischaemia or 
vasculitis affecting Auerbach’s plexus, or inflammatory changes 
within the oesophageal musculature (Castrucci et al., 1990). Other 
causes include strictures, reflux disease, candidiasis, ulceration 
and medication-induced oesophagitis. The use of NSAIDs and 
corticosteroids significantly increases the risk of peptic ulcer dis-
ease (Griffin and Smalley, 1995) thus prophylactic therapy should 
be employed (Sultan et  al., 1999). When there is a complaint of 
abdominal pain, infection (such as cytomegalovirus), peritonitis, 
peptic ulcer disease, mesenteric vasculitis with infarction and per-
foration, and pancreatitis should be considered. Hepatic abnor-
malities are common, often limited to abnormal biochemistry but 
are potentially progressive particularly in the context of coexist-
ent liver disease (Matsumoto et al., 1992; Chowdhary et al., 2008). 
Abnormal liver chemistry reflects disease activity, medication use, 
or other coincidental liver diseases. Jaundice is a rarity, usually 
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indicative of haemolysis rather than hepatic impairment. If SLE is 
causative, appropriate treatment of SLE should result in normaliza-
tion of liver chemistry. Coexisting autoimmune liver diseases are 
rare but should be established via the presence or absence of appro-
priate antibodies and biopsy.

Neuropsychiatric manifestations
Neuropsychiatric manifestations are protean occurring in 10–80% 
of patients either prior to diagnosis or during the disease course 
(Wong et al., 1991; Futrell et al., 1992; Sibley et al., 1992; Joseph 
et al., 2007). Common neurological syndromes include cognitive 
dysfunction; seizure activity; peripheral neuropathy; mononeuritis 
multiplex (Vina et al., 2005); cranial neuropathies (Bertsias et al., 
2010); stroke (Mikdashi et al., 2007); transient ischaemic attacks 
and recurrent small vessel infarcts, most commonly associated 
with aPL (Toubi et al., 1995); CNS vasculitis occurs in the context 
of active lupus, manifesting as fever, headache, and acute confu-
sional states prior to the onset of psychosis, seizures, and coma; 
organic psychosis attributable to CNS lupus but also glucocorticoid 
therapy (Ward and Studenski, 1991); and depression and anxiety 
(Schneebaum et al., 1991). Other neuropsychiatric manifestations 
include transverse myelitis, movement disorders (Joseph et  al., 
2007), and septic or aseptic meningitis. SLE has also been associ-
ated with reversible posterior leucoencephalopathy syndrome (also 
known as PRES) (Streck Ade et al., 2012).

Lupus nephritis
Histologically, almost all patients have evidence of lupus-associated 
renal disease despite the absence of clinical signs of renal dis-
ease. Up to 75% of patients have been reported to manifest clini-
cal evidence of nephropathy at some stage during the disease 
(Cervera et al., 1993, 2003; Seligman et al., 2002; Kasitanon et al., 
2006). Nephropathy is often an early manifestation usually within 
6 months and 3 years (Nossent et al., 1990; Seligman et al., 2002) fol-
lowing diagnosis and nearly 50% within the first year (Seshan and 
Jennette, 2009) although a rise in plasma creatinine is uncommon 
within the first few years following diagnosis. Age, gender, and eth-
nicity are significantly influential in the time course for its develop-
ment (Seligman et al., 2002; Patel et al., 2006). Lupus nephritis (LN) 
is much more common in patients not of European white descent 
and is often more severe.

Renal involvement is usually first diagnosed on the basis of urine 
dipstick testing for microscopic haematuria and proteinuria—hence 
dipstick testing should be a routine part of the clinical evaluation of 
patients at each visit. The most common clinical manifestation of 
LN is proteinuria, frequently nephrotic range with development 
of nephrotic syndrome. Patients can present with ‘frothy urine’ or 
oedema in the context of nephrotic syndrome (peripheral or peri-
orbital classically) but are often asymptomatic. Microscopic haema-
turia is highly prevalent affecting approximately 80% of patients but 
rarely appears in isolation. Tubular abnormalities are common due 
to immune complex deposition in tubular basement membranes 
and the effects of interstitial nephritis. In a registry of patients from 
Spain, renal impairment (glomerular filtration rate (GFR) < 60 
mL/min) was present in approximately 40% of patients at diagno-
sis (Vozmediano et al., 2012) with progression to end-stage renal 
failure in approximately 17% overall; however, this is significantly 
higher in the black population (Adler et al., 2006). A small propor-
tion of patients, 1–2%, will suffer acute kidney injury attributable 

to thrombotic microangiopathy (TMA), often in association with 
aPL, acute interstitial nephritis, renal vascular thrombosis, or wide-
spread glomerular crescentic disease. Other features associated 
with LN include the presence of red cell and/or granular urinary 
casts, hypertension, and hyperkalaemia in the context of renal 
tubular acidosis (Cameron, 1999).

The prevalence of each feature is variable and non-uniform across 
and within each class of nephritis thus renal pathology cannot be 
predicted with any real degree of certainty from the clinical pic-
ture; however, there are certain clinical features that in combination 
are more likely to occur with the class of LN. For a full histologi-
cal description of the classes of LN please go to the ‘Investigations’ 
section.
u Classes I and II: mild haematuria and/or proteinuria (<1 g/24 

hours); mildly reduced creatinine clearance in < 15%.
u Class  III:  50% have active urinary sediment; up to 30% have 

nephrotic range proteinuria; renal insufficiency in 10–25%; 
dsDNA antibodies and reduced serum complement in > 50%.

u Class IV: proteinuria universal and up to 50% nephrotic; active 
urinary sediment in most, 30–40% hypertensive, > 50% have 
renal insufficiency, dsDNA antibodies and/or reduced serum 
complement in up to 85%.

u Class V: virtually all patients have proteinuria in pure class V; up 
to 70% nephrotic; 50% haematuria; renal insufficiency uncom-
mon; anti-dsDNA antibodies are less frequently elevated and 
ANA antibodies may be undetectable; complement levels may 
be normal or slightly reduced. Can manifest prior to and in the 
absence of any other systemic or immunological manifestations 
of SLE.

Similarly, clinical outcomes are highly variable, dependent upon 
the class of disease and extent of activity and chronicity pertain-
ing to each lesion as well as the effectiveness of and adherence to 
a particular treatment regimen. With this in mind, the duration of 
untreated renal disease is also of paramount importance.

Investigations
Investigating SLE depends to an extent on the presentation of the 
individual. However, a number of haematological, biochemical, 
and immunological investigations provide useful diagnostic infor-
mation, either for the disease itself or in context of organ system 
involvement, and should be performed routinely.

Laboratory tests
Full blood count, renal, bone, and lipid profiles, liver function tests, 
inflammatory markers, urinalysis, and urine protein:creatinine 
ratio on a spot urine should be performed routinely to assess the 
presence of target organ disease (Bertsias et al., 2012). Complement 
assay is very useful as consumption, particularly of C3, is com-
monly associated with disease activity. Creatinine kinase measure-
ment is useful in cases of suspected myositis as are the Coombs test 
and reticulocyte count to exclude autoimmune haemolysis in the 
presence of anaemia.

Antibodies
Clinical research to date has identified a large number of 
auto-antibodies associated with SLE and its various manifestations.

 

 

 

 

 

 



SECTION 6 the patient with another primary diagnosis1368

u Antinuclear antibody (ANA) is one of the best diagnostic tests 
and in high titre is almost invariably associated with SLE and 
therefore should be measured in all suspected cases. Whilst 
its sensitivity is high, specificity is low, therefore results need 
to be correlated appropriately with clinical features and other 
immune parameters.

u Anti-double-stranded DNA (dsDNA) antibodies are highly spe-
cific for a diagnosis of SLE. Anti-dsDNA antibodies are docu-
mented to have a specificity of 75–100%, sensitivity of 66–95%, 
and positive predictive value of 89–100%. Titres can correlate 
strongly with disease activity and consequently are used as 
a monitor of disease. High titres of immunoglobulin (Ig)-G 
anti-dsDNA antibodies have been associated with active glo-
merulonephritis both in serum and in the form of glomerular 
deposits. The importance of anti-histone antibodies has also 
been documented in the context of LN.

u Anti-Sm antibodies are also highly specific for SLE, 55–100% 
but with a sensitivity of only 25%. They are detectable in the 
absence of anti-dsDNA antibodies but tend to remain stable 
rather than fluctuate with disease activity.

u Anti-ribonucleoprotein (RNP) antibodies bind antigens that are 
related to Sm antigens and are found in up to 69% of patients 
with SLE and are associated with severe disease and Raynaud’s 
phenomenon.

u Anti-Ro/SSA antibodies are found in 10–60% of patients with 
SLE depending on the method of assay and have been associated 
with lymphopenia, SCLE, neonatal lupus, and Sjögren syndrome.

u Anti-La/SSE antibodies are positive in 10–35% of patients with SLE 
and usually occur in combination with anti-Ro antibodies—they 
are associated with neonatal lupus and Sjögren syndrome.

u Anti-ribosomal P protein antibodies are reported in 10–50% of 
patients, depending on the population studied. Their diagnostic 
value is reported to be limited due to low sensitivity but when 
present, these antibodies have 80% specificity for neuropsychi-
atric manifestations.

u The various aPL are present in an estimated 30% of patients with 
SLE. They have been proven to act as an independent risk factor 
for premature death in patients with SLE therefore they are rou-
tinely measured. The antiphospholipid syndrome is discussed in 
Chapter 164.

u Anti-C1q antibodies have relatively fair sensitivity and speci-
ficity in the diagnosis of LN, suggesting that the presence of 
anti-C1q antibodies may be a valuable adjunct for predicting LN 
and assessing renal activity (Yin et al., 2012); however, currently 
they are not generally in clinical use.

From the perspective of monitoring disease activity, the combi-
nation of falling C3 and rising anti-dsDNA antibody titres would 
cause concern that a flare is imminent—however, the presence 
of the changes should prompt closer follow-up and warning the 
patient to report symptoms early rather than pre-emptive addi-
tional immunosuppression.

Imaging
No imaging technique is diagnostic of SLE but may be useful in 
investigating specific symptoms or laboratory abnormalities. 

Imaging techniques include plain X-rays usually of painful joints 
and the chest, ultrasonography of kidneys or liver following detec-
tion of biochemical abnormalities, echocardiography to assess 
potential pericardial or valvular disease, computed tomography 
scans of the chest or abdomen in suspected cases of interstitial lung 
disease or pancreatitis respectively, MRI scans of the brain in cases 
of focal neurological deficits or cognitive impairment, and contrast 
angiography in cases of suspected pulmonary embolism or mesen-
teric and limb ischaemia.

Renal biopsy
As per Kidney Disease:  Improving Global Outcomes  (KDIGO) 
guidance from 2012 (KDIGO GN Work Group, 2012), the pres-
ence of LN should be considered in any lupus patient with impaired 
kidney function, proteinuria, hypertension, or an active urine sedi-
ment. An active sediment includes haematuria, especially acan-
thocytes suggestive of glomerular bleeding, leucocyturia in the 
absence of infection, and red and white blood cell casts. LN must 
be confirmed by kidney biopsy. The histologic findings provide the 
basis for treatment recommendations for LN (Radhakrishnan and 
Cattran, 2012). The importance of this lies in the variable clinical 
manifestations of each class of nephritis and the limitation of cur-
rent biomarkers of renal involvement to differentiate milder dis-
ease from more aggressive forms and those with a less favourable 
prognosis or identify the degree of chronic damage. Initial biopsy 
is also a valuable tool in determining therapeutic regimens (Hill 
et al., 2001). It may confirm a diagnosis of SLE in patients who have 
uncertain diagnoses such as no convincing serological evidence 
or the presence of proteinuria with bland urine (Adu et al., 1983; 
Christopher-Stine et  al., 2007). It should be performed as soon 
as possible, as early diagnosis and treatment have been proven to 
benefit outcome. Repeat renal biopsy is generally performed in 
those who fail to respond to treatment, those who relapse following 
induction of remission, and those who exhibit progressive disease 
with new or worsening proteinuria and active urinary sediment, or 
a falling GFR/rising creatinine.

Patterns of glomerular injury
Glomerular immune complex deposition is the hallmark of LN, 
with their location, number, and ability to provoke an inflamma-
tory response correlating strongly with the severity and pattern 
of injury (Fries et al., 1988). Three distinct patterns of glomerular 
injury have been identified—mesangial, endothelial, and epithelial.
u Mesangial immune complex deposits result in variable degrees 

of mesangial cell proliferation and matrix accumulation. 
Histologically this manifests as mesangial hypercellularity and 
increased matrix deposition (Fig. 162.1) and clinically as subne-
phrotic proteinuria with microscopic haematuria usually in the 
context of well-preserved or minimally impaired renal function.

u Subendothelial patterns of deposits are associated with an exu-
dative component to lesions with accumulation of leucocytes, 
endothelial cell injury, and endocapillary proliferation with 
destruction of capillary walls, immune complex deposition, and 
variable mesangial proliferation (Fig. 162.2). The mesangium 
and subendothelial spaces are in direct contact with one another 
lying proximal to the glomerular basement membrane (GBM), 
therefore having access to the vascular space. Persistent accu-
mulation of deposits within these spaces leads to more severe 
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injury as the deposits activate complement, generate chemoat-
tractants, and recruit neutrophils and mononuclear cells from 
the circulating vascular supply. Histologically this results in a 
proliferative glomerulonephritis, focal or diffuse, presenting 
clinically with an active urinary sediment, significant, often 
nephrotic range, proteinuria, and declining renal function.

u Subepithelial immune complex deposits cause injury via 
antibody- and complement-mediated cytotoxicity directed 
at the podocyte. A  non-exudative, non-proliferative lesion of 
the capillary wall ultimately results (Fig. 162.3). The absence 
of inflammatory cell infiltration due to the separating effect of 
the GBM confines damage to the glomerular epithelial cells. 
Histologically this manifests as a membranous nephropathy and 
clinically with a bland urinary sediment and significant, often 
nephrotic range, proteinuria (Weening et al., 2004).

A variety of differing morphological lesions have been described as 
a result of these patterns of injury and it should be remembered that 
lesions often coexist, overlapping in any given combination, thus 
leading to a complex clinical expression of disease.

Immunohistochemistry
Typically ‘full house’ that is, deposition of IgG, IgA, IgM, C1q, 
C3, C4. Presence of C1q and C4 indicates classical pathway acti-
vation and should always raise the suspicion of SLE as should the 
finding of immune deposits in multiple sites, that is, mesangial, 

subendothelial, and subepithelial. Fig. 162.4 demonstrates IgG 
staining on immunofluorescence,

Classification of lupus nephritis
The first publication attempting to classify LN was in 1964 by Pollak 
et al. titled ‘The natural history of the renal manifestations of sys-
temic lupus erythematosus’. Using a classification based solely on 
light microscopy, the authors subdivided LN into normal, lupus 
glomerulitis, active lupus glomerulonephritis, and membranous 
lupus glomerulonephritis and they also scored active and inactive 
lesions (Fig. 162.5C). They followed 87 patients from 7  months 
to 8 years. They demonstrated a good prognostic value with only 
2/40 patients with normal biopsies, glomerulitis, or membranous 
dying of renal failure, compared with 26/47 with active lupus glo-
merulonephritis dying of renal failure (Pollak et al., 1964). In 1974, 
the World Health Organization (WHO) first divided LN into five 
different histological patterns (Fig. 162.5A). This was modified in 
1982 to include subdivisions relating to activity and chronicity of 
lesions at which time classification of class VI lesions was also intro-
duced. Further modification in 1995 placed emphasis upon the 
significance of segmental necrosis, reflecting an increasing under-
standing of the pathogenesis of LN. The WHO classification was 
revised in 2004 under sponsorship of the International Society of 
Nephrology (ISN) and the Renal Pathology Society (RPS) in order 

Fig. 162.1 LM of glomerulus with mesangial hypercellularity.

Fig. 162.2 LM of glomerulus with subendothelial cell swelling and endocapillary 
proliferation.

Fig. 162.3 LM of glomerulus with GBM swelling (membranous) lesion.

Fig. 162.4 IgG deposition within the glomerulus.

 

 



Fig. 162.5 Original WHO and ISN/RPS classifications. (A) Original 1974 WHO classification of LN. (B) 2003 ISN/RPS classification of LN. (C) Active and chronic 
glomerular lesions.

Class I Normal glomeruli (by light microscopy, immunofluorescence, and electron 
microscopy)

Class II Purely mesangial disease
a.  Normocellular mesangium by light microscopy but mesangial deposits 

by immunofluorescence or electron microscopy
b.  Mesangial hypercellularity with mesangial deposits by 

immunofluorescence or electron microscopy
Class III Focal proliferative glomerulonephritis (<50%)
Class IV Diffuse proliferative glomerulonephritis (≥50%)
Class V Membranous glomerulonephritis

From Appel et al. (1978).

Class I Minimal mesangial lupus nephritis
Normal glomeruli by light microscopy, but mesangial immune deposits by immunofluorescence

Class II Mesangial proliferative lupus nephritis
Purely mesangial hypercellularity of any degree or mesangial matrix expansion by light microscopy, with mesangial immune deposits
May be a few isolated subepithelial or subendothelial deposits visible by immunofluorescence or electron microscopy, but not by light 
microscopy

Class III Focal lupus nephritis
Active or inactive focal, segmental or global endo- or extracapillary glomerulonephritis involving <50% of all glomeruli, typically with focal 
subendothelial immune deposits, with or without mesangial alterations

Class III (A) Active lesions: focal proliferative lupus nephritis
Class III (A/C) Active and chronic lesions: focal proliferative and sclerosing lupus nephritis
Class III (C) Chronic inactive lesions with glomerular scars: focal sclerosing lupus nephritis

Class IV Diffuse lupus nephritis
Active or inactive diffuse, segmental or global endo- or extracapillary glomerulonephritis involving ≥ 50% of all glomeruli, typically with 
diffuse subendothelial immune deposits, with or without mesangial alterations. This class is divided into diffuse segmental (IV-S) lupus 
nephritis when ≥ 50% of the involved glomeruli have segmental lesions, and diffuse global (IV-G) lupus nephritis when ≥ 50% of the involved 
glomeruli have global lesions. Segmental is defined as a glomerular lesion that involves less than half of the glomerular tuft. This class includes 
cases with diffuse wire loop deposits but with little or no glomerular proliferation

Class IV-S (A) Active lesions: diffuse segmental proliferative lupus nephritis
Class IV-G (A) Active lesions: diffuse global proliferative lupus nephritis
Class IV-S (A/C) Active and chronic lesions: diffuse segmental proliferative and sclerosing lupus nephritis

Active and chronic lesions: diffuse global proliferative and sclerosing lupus nephritis
Class IV-S (C) Chronic inactive lesions with scars: diffuse segmental sclerosing lupus nephritis
Class IV-G (C) Chronic inactive lesions with scars: diffuse global sclerosing lupus nephritis

Class V Membranous lupus nephritis
Global or segmental subepithelial immune deposits or their morphologic sequelae by light microscopy and by immunofluorescence or 
electron microscopy, with or without mesangial alterations
Class V lupus nephritis may occur in combination with class III or IV in which case both will be diagnosed
Class V lupus nephritis show advanced sclerosis

Class VI Advanced sclerosis lupus nephritis
≥90% of glomeruli globally sclerosed without residual activity

From Weening et al. (2004).

Active lesions

Endocapillary hypercellularity with or without leukocyte infiltration and with substantial luminal reduction

Karyorrhexis

Fibrinoid necrosis

Rupture of glomerular basement membrane

Crescents, cellular or fibrocellular

Subendothelial deposits identifiable by light microscopy (wire loops)

Intraluminal immune aggregates (hyaline thrombi)

Chronic lesions

Glomerular sclerosis (segmental, global)

Fibrous adhesions

Fibrous crescents

From Weening et al. (2004).

(A)

(B)

(C)
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to accommodate the developments in clinicopathologic and patho-
genetic insights that had accumulated since the 1995 modification 
to the WHO classification (Weening et al., 2004) (Fig. 162.5B). The 
ISN/RPS classification preserves the simplicity of the original clas-
sification system, is based exclusively upon glomerular pathology, 
adding qualitative and quantitative differences between class  III 
and IV lesions and emphasizing the importance of standardiza-
tion of definitions, clinically relevant lesions, and uniform report-
ing between centres (Seshan and Jennette, 2009). An alternative 
‘flow chart approach’ to the ISN/RPS classification was published in 
2006, demonstrating the clarity and simplicity of the classification 
(Elliot et al., 2006) (Fig. 162.6).

Class I lupus nephritis
Class  I  lesions exhibit mesangial accumulation of immune com-
plexes identifiable by immunofluorescence (IF) and electron 

microscopy (EM) but with no alterations on light microscopy (LM) 
(Fig. 162.7) and is termed minimal mesangial LN. EM may also 
demonstrate tubuloreticular inclusions within endothelial cells 
(Fig. 162.8); these can be present in any class of LN. EM exami-
nation aids in confirming the presence of features identified by 
LM and IF and identifies subtle features essential for diagnosis. 
Although WHO classifications included specimens with normal 
glomeruli by LM, EM, and IF, the ISN/RSP classification stipulates 
that lack of abnormalities using all three examination methods no 
longer qualifies as class I disease.

Class II lupus nephritis
Class  II lesions are characterized by any degree of mesangial 
hypercellularity (Fig. 162.9:  three or more mesangial cells per 
mesangial region in 3-micron thick section) in association with 
mesangial immune complex deposition, thus termed mesangial 

Active or sclerotic lesions?

YES

50% or more of glomeruli
involved

> 50% of involved
glomeruli have

segmental lesions

NB: Class VI if > 90% global
sclerosis without activity

Class II or IV

YES

YES

YES

Active lesions only–A
Active and chronic lesions A/C
Chronic lesions only–C

If > 50% of glomeruli have > 50% of
capillary walls with
membranous change–Class III + V or
Class IV + V

NO

NO

YES

NO

Class V

Class IV Class III

Class
IV-S

Class
IV-G

Class III or IV

Class II

Class I

Immune deposits by
immuno?

NO

NO

Mesangial
hypercellularity?

Membranous Change?

Fig. 162.6 Flowchart approach of the ISN/RPS classification.
Reprinted from American Journal of Kidney Diseases, 47/1, Victoria Elliot, Thomas Cairns,H. Terence Cook, Evolution of Lesions Over 10 Years in a Patient With 
SLE: Flowchart Approach to the New International Society of Nephrology (ISN)/Renal Pathology Society (RPS) Classification of Lupus Nephritis , 184–190. Copyright 
2006, with permission from Elsevier.
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proliferative LN. Changes exist in varying degrees when exam-
ined by LM. IF identifies the so-called full house of deposits. EM 
identifies granular deposits either exclusively or predominantly 
in the mesangial area, as seen in Fig. 162.10. Occasional scat-
tered small deposits within the subendothelial space may also be 
present on IF or EM examination. Specific therapy is usually not 
indicated unless there is transformation to higher classes of dis-
ease, hence regular surveillance for early identification of worsen-
ing proteinuria and/or renal impairment is therefore mandatory 
with a low threshold for repeat renal biopsy.

Class III and IV lupus nephritis
In these categories there are either ‘active’ or ‘sclerotic’ lesions visi-
ble on LM, which involve the capillary loops or Bowman’s space and 
are associated with subendothelial immune deposits (Fig. 162.11).

Active lesions include endocapillary hypercellularity (Fig. 162.12), 
with or without leucocyte infiltration, and with substantial luminal 

reduction (Fig. 162.12); karyorrhexis (Figs 162.13 and 162.14); 
fibrinoid necrosis (Fig. 162.15); rupture of GBM; crescents (cellular 
(Fig. 162.16) or fibrocellular); subendothelial deposits identifiable 
by LM (wire loop); and intraluminal immune aggregates (hyaline 
thrombi).

Glomerular crescents are a frequent finding in class III and IV LN 
and are a marker of severe glomerular injury. Cellular and fibrocellu-
lar crescents are indicative of reversibility whereas fibrous crescents 
(Fig. 162.19) suggest chronicity and irreversibility. When > 50% of 
the glomeruli exhibit crescentic change the pathological diagnosis 
is that of crescentic glomerulonephritis. On rare occasions a rap-
idly progressive crescentic glomerulonephritis may be observed 
with corresponding progressive renal impairment. Very occasional 
reports of a necrotizing pauci-immune glomerulonephritis have 
been documented in patients with lupus. Serological markers of 
SLE activity are normal or marginally abnormal and antineutrophil 
cytoplasmic antibodies are undetectable with absence of immune 
complex deposition on renal biopsy (Charney et  al., 2000). The 
mesangial deposition of IgA and C3 has also been identified in lupus 
biopsies and as for many cases of idiopathic IgA disease, an indolent 
and often benign disease course has been demonstrated.

Sclerotic lesions include glomerular sclerosis (Fig. 162.18) (seg-
mental, global), fibrous adhesions, and fibrous crescents.

Fig. 162.7 Periodic acid–Schiff stain of class I LN on LM (no definable 
abnormality).

Fig. 162.8 EM demonstrating tubuloreticular inclusion.

Fig. 162.9 Periodic acid–Schiff stain of class II LN demonstrating mesangial 
hypercellularity.

Fig. 162.10 EM of class II LN demonstrating mesangial electron dense deposits.
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Class  III lesions are focal affecting < 50% of all glomeruli. All 
immunoglobulin and complement components present in class II 
lesions are present in class  III lesions, as are gamma and kappa 
light chains. Complexes are deposited in the mesangium of all the 
glomeruli irrespective of the pattern of proliferation. Coexistent 
TMA, suggested by fibrinogen deposits within capillaries, or tub-
ulointerstitial disease may occur. Prognosis is variable with some 
cases remaining unchanged, some progressing to class  IV or V 
lesions and others recovering. Class  III is subdivided according 
to presence/absence of active and sclerotic lesions as follows:  III 
(A) purely active lesions, III (A/C) active and chronic lesions, and 
III (C) chronic inactive with glomerular scars.

Class IV lesions are diffuse, affecting > 50% of the glomeruli and 
are subdivided, depending on their segmental or global nature, 
into class IV-S (Fig. 162.20) and IV-G respectively. It is the most 
common and severe form of LN affecting 20–60% of patients. 
Any and all of the active features of LN may be present to vary-
ing degrees in class IV-G disease. In class IV-S lesions, segmental 
endocapillary proliferation is observed with or without necrosis. 
IV-S or IV-G subdivision was incorporated into the ISN/RPS 

classification system following a long-term outcome study, which 
revealed evidence that class  IV-S lesions exhibit a worse prog-
nosis than class IV-G or combined class V + IV-G (Najafi et al., 
2001). This disputes the long-held opinion that histopathologi-
cal and clinical manifestations exist on a continuum and raised 
the question of an alternative pathogenic mechanism (Hill et al., 
2005). Subsequent evidence regarding the outcomes of class IV-S 
and IV-G lesions has been conflicting. Although clinical and 
pathological variability has been documented, several studies 
have failed to identify a significant difference in outcome between 
classes (Mittal et al., 2004; Markowitz and D’Agati, 2007), some 
have reproduced evidence of poorer outcome in class  IV-S dis-
ease (Yokoyama et al., 2004) whilst others report worse outcomes 
in class  IV-G disease (Hill et  al., 2005). Perhaps the most com-
pelling data come from Mel Schwartz’s group who have argued 
that it is the ‘larger’ segmental lesions, which predict the worst 
outcome (Schwartz et al., 2008) and that although these will be 
classified as ‘Global’ in the ISN classification they are different 
qualitatively from a true global lesion. The large segmental lesion 
tends to be relatively pauci-immune and necrotic compared to the 
highly proliferative with large deposit lesions seen in true global 
lesions (Schwartz et al., 2008). As with class III, class IV is sub-
divided according to proportion of active and sclerotic lesions as 
follows: IV (A) purely active lesions, IV (A/C) active and chronic 
lesions, and IV (C) chronic inactive with glomerular scars.

Fig. 162.11 EM demonstrating electron dense deposits in the mesangium, 
subendothelial, and subepithelial: highly suggestive of LN.

Fig. 162.12 LM of endocapillary hypercellularity with substantial luminal 
reduction.

Fig. 162.13 Karyorrhexis: presence of apoptotic, pyknotic, and fragmented nuclei.

Fig. 162.14 Karyorrhexis: presence of apoptotic, pyknotic, and fragmented nuclei.
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Class V lupus nephritis
Class V lesions are reported to have an incidence of between 10% 
and 30% and occur due to granular subepithelial immune com-
plex deposition (Fig. 162.22) in either a segmental or global form 
affecting at least 50% of capillary basement membranes. This is 
accompanied by mesangial immune complex deposition and 
hypercellularity. The outcome is a membranous glomerulonephri-
tis in which glomerular capillary walls appear diffusely thickened 
upon examination (Fig. 162.21). Early disease may only reveal 
abnormalities on IF. Advanced cases may show evidence of double 
contours within the capillary wall representative of intramembra-
nous immune deposits and formation of new basement mem-
branes. The so-called full house immune complex deposition is 
notable on IF within both the capillary walls and mesangium. The 
presence of scattered immune deposits within the subendothelial 
space may be demonstrated with IF or EM but if present on LM a 
diagnosis of combined class III plus V or IV plus V LN should be 
attributed, dependent on distribution. Chronicity causes glomeru-
losclerosis; however, where scarring results from previous prolif-
erative changes the classification would be considered class  III/
IV(C) and V.

Class VI lupus nephritis
This represents advanced, often end-stage, LN occurring as a result 
of severe disease and accumulated injury due to numerous relapses 
of either class III, IV, or V LN. It is defined as global glomerulo-
sclerosis affecting > 90% of glomeruli in the absence of any active 
lesions. Tubulointerstitial scarring and vascular sclerosis is notable 
on histological examination.

Transformation
Transformation from one class of nephritis to another is not an 
infrequent observation. It may represent a spontaneous occur-
rence or result from previous therapeutic intervention. Most com-
monly, lesions transform from lower to higher classes. Published 
results of repeat renal biopsy, in those with class II disease who are 
non-responders to treatment or who relapse following induction of 
remission, have reported very high rates of transformation (in cer-
tain populations) of class  II lesions to higher-grade lesions (Tam 
et al., 2003). The consensus on transformation rates of class II lesions 
across all populations is estimated at 15–20%. It has been stipu-
lated that this particular transformation merely represents progres-
sive disease rather than a true transformation. Class III nephritis is 
documented to have the highest transformation rate with 20–40% 

Fig. 162.15: LM of fibrinoid necrosis.

Fig. 162.16 Periodic acid–Schiff stain of cellular crescent under LM: defined by 
extracapillary cell proliferation of more than two cell layers occupying one-quarter 
or more of the glomerular capsular circumference. Fig. 162.18 Sclerotic lesions under LM: glomerular sclerosis.

Fig. 162.17 ‘Wire loops’—subendothelial deposits visible by LM.
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developing features consistent with either class  IV or V disease, 
although to the former most frequently. Class III lesions are therefore 
considered to be the most ‘unstable’ lesions. Respectively, the trans-
formation of class V to class III or IV is reported to be an infrequent 
observation and has suggested possible variations in the underlying 
pathogenic mechanisms pertaining to membranous and prolifera-
tive disease. However, Mercadal et al. reported transformation from 
class V to IV in 35% of cases at 10 years (Mercadal et al., 2002).

Activity and chronicity—renal histology as a predictor 
of outcome
The activity and chronicity indices, indicative of the extent of revers-
ible and irreversible lesions respectively, were developed by the US 

National Institutes of Health and based on the presence of typical 
pathological features associated with active and chronic forms of 
LN. They were introduced to guide therapy and aid in determining 
prognosis. Both indices employ a scoring system of 0–3 depend-
ing on the presence of appropriate features. Multiple investigating 
parties found the chronicity index particularly useful in predicting 
renal outcome in each case. However, it must be remembered that 
these indices related to treated disease—clearly, as Pollock’s original 
data showed, untreated active (equivalent to class IV LN) predicts 
a very poor renal outcome. Activity indices on initial biopsy were 
found to be helpful in establishing therapeutic protocols rather 
than providing prognostic information. In 2000, Hill et al. estab-
lished a new biopsy index using the glomerular activity, tubuloint-
erstitial activity, chronic lesions, and immunofluorescence indices, 
which proved successful in better representing clinical and patho-
logical correlations with outcome parameters (Hill et al., 2000). The 
same investigating group later undertook a large prospective study 
to examine the predictive value of these new indices. This study 
confirmed that whilst useful in establishing therapeutic protocols, 
pathological features present on initial biopsy were only modestly 
predictive of long-term outcome compared to features present on a 
second biopsy 6 months later, which proved to be strongly predic-
tive of progressive renal impairment (Hill et al., 2001). The ISN/
RSP classification of LN strongly emphasizes detailed microscopic 
description and qualitative and quantitative assessment of all active 
and chronic glomerular lesions as well as tubulointerstitial and 
vascular involvement. However, it does not recommend a formal 
activity or chronicity index.

Renal lupus vasculopathies
A number of different types of vascular lesions affecting renal 
vessels of all sizes have been observed in LN and are adversely 
prognostic contributing to hypertension and progressive renal 
impairment. The ISN/RPS classification emphasizes the identifica-
tion of the type, extent, and severity of lesions in context of their 
prognostic value.

Vascular immune complex deposition is most common, usually 
asymptomatic and uncomplicated. A disease-specific vasculopathy, 
characterized by non-inflammatory, eosinophilic intimal immune 
complex deposition within arterioles and inter-lobar arteries, can 
be identified. Destruction of the endothelial layer occurs with mas-
sive precipitation of all three immunoglobulins but predominantly 
IgG with C3. In severe forms, fibrin deposition ruptures the elastic 
membrane allowing spread of deposits into the media causing fibri-
noid necrosis with luminal occlusion.

TMA has a reported incidence of 1–8% in patients with LN. It 
may occur in acute or chronic forms affecting the glomeruli and/or 
arterial vessels and may develop independently of disease activity 
or even in the absence of other parenchymal disease. Sudden onset 
of accelerated hypertension may represent onset of TMA. Renal 
prognosis is poor. Intraglomerular thrombotic lesions associated 
with endothelial damage indicate the presence of aPL. Renal vein 
thrombosis may also occur in the context of aPL or in those with 
nephrotic range proteinuria. True inflammatory vascular lesions 
are rare, occurring in < 5% of cases.

Other lesions of lupus nephritis
Tubulointerstitial disease is found in 60–70% of renal biopsies and 
may or may not be accompanied by immune complex deposition 
within tubular basement membranes and vasculature, detectable 

Fig. 162.19 Sclerotic lesions under LM: fibrous crescent.

Fig. 162.20 Segmental glomerular lesion involving less than half of the 
glomerular tuft (i.e. at least half of the glomerular tuft is spared).
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on EM or IF. It most commonly occurs in association with active 
proliferative lesions of class III or IV disease. The severity of tubu-
lointerstitial inflammation is a very important prognostic sign, 
correlating strongly with renal impairment, hypertension, and pro-
gressive renal disease. Rarely, isolated tubulointerstitial disease has 
been observed, manifesting clinically as distal renal tubular acido-
sis, hyperkalaemia due to impaired tubular secretion of potassium, 
or hypokalaemia in the presence of a salt-losing nephropathy. In 
very severe cases acute kidney injury may manifest. The ISN/RSP 
classification of LN emphasizes the importance of noting the pres-
ence, extent, and severity of tubulointerstitial disease in each case.

Glomerular podocytopathy with evidence of epithelial cell foot 
process effacement in the absence of immune complex deposition 
has also been reported, features characteristic of minimal change 
disease. Focal segmental glomerulosclerosis has also been reported. 
These changes may reflect cytokine mediated podocyte injury. The 
theory that such lesions exist as a separate and coincidental entity 
was dispelled by a study which retrospectively examined 470 renal 
biopsies of patients with SLE and demonstrated a significantly 
higher prevalence of podocytopathy than the projected 1 in 10,000 
(Kraft et al., 2005). Other lesions reported include IgM nephropa-
thy, thin membrane disease, and hypertensive nephropathy.

Diagnosis
The diagnosis of SLE is based upon the presence of clinical and/
or laboratory features and immunological markers. The diagnostic 
criteria formulated by American Rheumatology Association (now 
known as the American College of Rhematologists (ACR)) in 1971 
were modified in 1982 and again in 1997. It stipulated that a diag-
nosis of SLE be attributed if four or more of the listed diagnostic cri-
teria exist either simultaneously or consecutively in one individual. 
New and improving knowledge of autoantibodies and the impor-
tance of neurological manifestations and complement consump-
tion led to further revision and inclusion of the aforementioned 
in the 2012 Systemic Lupus International Collaborating Clinic 

Fig. 162.22 Class V LN—silver stain demonstrating thickened GBM. Subepithelial 
deposits evident on EM.

Fig. 162.21 Class V LN—silver stain demonstrating thickened GBM. Subepithelial 
deposits evident on EM.

Table 162.1 Clinical and immunologic criteria used in the SLICC 
classification system

Clinical criteria

1. Acute or subacute cutaneous lupus

2. Chronic cutaneous lupus

3. Oral/nasal ulcers

4. Non-scarring alopecia

5.  Inflammatory synovitis with physician-observed swelling of two or more 
joints or tender joints with morning stiffness

6. Serositis

7.  Renal: urine protein/creatinine (or 24-hour urine protein) representing at 
least 500 mg of protein/24 hours or red blood cell casts

8.  Neurologic: seizures, psychosis, mononeuritis multiplex, myelitis, peripheral 
or cranial neuropathy, cerebritis (acute confusional state)

9. Haemolytic anaemia

10.  Leucopenia (< 4000/mm3 at least once) or lymphopenia (<1000/mm3 at 
least once)

11. Thrombocytopenia (<100,000/mm3) at least once

Immunologic criteria

1. ANA above laboratory reference range

2.  Anti-dsDNA above laboratory reference range (except ELISA: twice above 
laboratory reference range)

3. Anti-Sm

4. Antiphospholipid antibody:

lupus anticoagulant

false-positive test for syphilis

anticardiolipin–at least twice normal or medium-high titre

anti-b2 glycoprotein 1

5. Low complement—low C3, low C4, low CH50

6. Direct Coombs test in absence of haemolytic anaemia

Classify a patient as having SLE if: the patient has biopsy-proven lupus nephritis with ANA 
or anti-dsDNA or the patient satisfies four of the criteria, including at least one clinical and 
one immunologic criterion.

Reproduced from Petri, M., Orbai, A. M., Alarcon, G. S., et al. Derivation and validation of 
the Systemic Lupus International Collaborating Clinics classification criteria for systemic 
lupus erythematosus, 64, 2012, 2677–86. Copyright 2012 Arthritis and Rheumatism. This 
material is reproduced with permission of John Wiley & Sons, Inc.
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(SLICC) criteria (Table 162.1) (Petri et al., 2012). Using these crite-
ria patients are diagnosed with SLE if the patient has biopsy-proven 
LN with ANA or anti-dsDNA or the patient satisfies four of the cri-
teria, including at least one clinical and one immunologic criterion. 
However, in 2012, the ACR updated its guidelines on the screening, 
treatment, and management of LN, so that a ‘renal biopsy sample 
demonstrating immune complex-mediated glomerulonephritis 
compatible with LN’ is now an independent diagnostic criterion 
(Hahn et al., 2012).

Definitions of renal remission and relapse
There have been various trials in LN published over recent years with 
varying descriptions of remission and relapse (Wofsy et al., 2012). 
As per KDIGO 2012 guidance (KDIGO GN Work Group, 2012) the 
definition of complete response is: return of serum creatinine (SCr) 
to previous baseline, plus a decline in the urinary protein:creatinine 
ratio (UPCR) to < 500 mg/g (< 50 mg/mmol). Partial response: sta-
bilization (± 25%), or improvement of SCr, but not to normal, plus a 
> 50% decrease in UPCR. If there was nephrotic-range proteinuria 
(UPCR > 3000 mg/g (> 300 mg/mmol)), improvement requires a 
> 50% reduction in UPCR, and a UPCR <3000 mg/g (< 300 mg/
mmol). Deterioration: there is no definition of deterioration in LN 
to define treatment failure that has been tested prospectively as an 
indication to change in initial therapy. A sustained 25% increase in 
SCr is widely used but has not been validated (Radhakrishnan and 
Cattran, 2012).

A mild renal relapse may only be indicated by recurrence of 
microscopic haematuria, whereas as moderate to severe relapse 
will be indicated by an increase in proteinuria and/or a rise in 
SCr. The percentage change from baseline proteinuria/creatinine 
will indicate the severity of the relapse (Clough et al., 1990; Linnik 
et al., 2005; Rovin et al., 2005). Consider a repeat kidney biopsy 
during relapse if there is suspicion that the histologic class of LN 
has changed, or there is uncertainty whether a rising SCr and/or 
worsening proteinuria represents disease activity or chronicity.
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CHAPTER 163

The patient with systemic lupus 
erythematosus: treatment 
and outcome
Frédéric A. Houssiau

Introduction
According to series and recruitment biases, between 30% and 60% 
of patients with systemic lupus erythematosus (SLE) suffer from 
renal involvement, either as an initial manifestation or later dur-
ing the course of their disease (Cervera et  al., 2003). Although 
patient survival has dramatically improved over the last 50 years, 
current treatment of lupus nephritis (LN) still achieves suboptimal 
results, with end-stage renal disease (ESRD) rates varying from 
10% to 30% according to ethnicity, duration of follow-up, and 
series. Of note, the incidence of ESRD attributable to LN in the 
United States increased from 1.13 cases per million in 1982 to 4.9 
cases per million in 2004, thereby clearly indicating an unmet need 
(Costenbader et al., 2011).

Disease heterogeneity makes treatment 
of lupus nephritis a real challenge
LN is highly heterogeneous. Initial clinical presentation ranges 
from asymptomatic proteinuria with or without haematuria, dis-
covered by routine dipstick examination or urinalysis in a known 
SLE patient, to nephrotic syndrome with or without moderate 
or severe renal impairment, sometimes without many extrare-
nal signs. Thus, LN can be captured in early stages or diagnosed 
much later when the underlying immune process has already been 
at work for months. The variety of pathological changes on renal 
biopsy further contributes to heterogeneity. They encompass glo-
merular, tubulointerstitial, and (rarely) vascular changes of acute 
(mostly reversible) and/or chronic (mostly irreversible) nature. 
Lastly, the disease may run different courses:  ‘single shot’, relaps-
ing (35% of LN patients experience at least one episode of renal 
relapse), or refractory. All together, these figures explain that out-
come is highly unpredictable, the more so as the need for renal 
replacement therapy (RRT) may occur decades after the first renal 
insult. Many poor prognostic factors have been identified, the most 
important being race (African Americans run the worst progno-
sis), poor socioeconomic status, chronic glomerular and interstitial 
changes on renal biopsy, renal relapses, uncontrolled hypertension, 
non-observance to therapy, and an absence of primary response 
(proteinuria drop) after 3–6 months of induction immunosuppres-
sion therapy (Houssiau et al., 2004).

Keeping heterogeneity in mind, treatment should ideally be 
patient-tailored, for example, based on biomarkers identified at 
baseline, which would accurately predict long-term renal prog-
nosis (Rovin et al., 2009). While some (mainly urinary) biomark-
ers appear promising (e.g. monocyte chemoattractant protein-1 
(MCP-1), neutrophil gelatinase-associated lipocalin (NGAL), or 
tumour necrosis factor (TNF)-like inducer of apoptosis (TWEAK)), 
none has been longitudinally validated in large cohorts of LN 
patients, across different ethnic backgrounds. Therefore, treatment 
decisions at the bedside remain not only evidence based but also 
eminence-where-needed based. Despite several well-conducted 
randomized clinical trials which have been performed within the 
last decade, thereby facilitating the decision-making process, a ‘trial 
and error’ approach remains relevant.

Treatment goals consist of (1) achieving a prompt renal response 
(proteinuria drop and recovery of a normal kidney function) by 
prescribing a stringent induction immunosuppressive regimen, for 
a period of 3–6  months, combining glucocorticoids (GCs) with 
another immunosuppressant (mostly cytotoxics such as cyclophos-
phamide (CY) or mycophenolate mofetil (MMF)); (2) maintain-
ing this response by avoiding renal (and other organ) flares using 
long-term (3–10  years) immunosuppression, with low-dose GC 
and another immunosuppressant (mostly MMF or azathioprine 
(AZA)); (3) preventing renal impairment (a fortiori ESRD) includ-
ing in the very long term; and (4) fulfilling these objectives with 
minimal toxicity, taking into account the patient’s perspectives, 
such as pregnancy plans.

In this chapter, the pros and cons of classical and newer immu-
nosuppressive regimens will be described, stressing the need for a 
more patient-friendly approach. Targeted therapies, based on con-
cepts emerging from preclinical research, will be briefly reviewed. 
The need for optimal multidisciplinary care will be emphasized. 
Finally, selected issues regarding dealing with pregnancy and RRT 
in LN patients will be discussed.

Indications for immunosuppression
Not all LN patients require heavy immunosuppression. Thus, 
patients with International Society of Nephrology (ISN)/Renal 
Pathology Society (RPS) class I (glomerular immune deposits with-
out hypercellularity) or class II (mild mesangial hypercellularity) 
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glomerulonephritis have minimal clinical disease (low-grade 
proteinuria) and run a low risk of poor renal outcome. Actually, 
class I/ II LN are less likely to be diagnosed if the proteinuria cut-off 
for a renal biopsy is set at ≥ 0.5 g/day (as in most lupus centres). In 
those patients, clinical and laboratory follow-up is advised, since 
shifts towards more aggressive forms of LN can occur, in particular 
in patients with low complement and high anti-dsDNA antibody 
serum titres, who should be ‘red flagged’. Class  I/II LN patients 
should be given angiotensin-converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB) therapy for renal protection 
and hydroxychloroquine to control extrarenal signs (see later).

Patients with so-called proliferative nephritis, either focal 
(class III) or diffuse (class IV), either alone or with superimposed 
membranous nephritis (class V), require immunosuppression. The 
case of pure membranous disease is discussed separately.

Glucocorticoids
No drug ever has so dramatically improved survival of severe LN 
patients as GC. But few drugs are responsible for so many adverse 
events, sometimes improperly attributed to concomitantly pre-
scribed cytotoxic drugs. As a logical consequence, patients’ reluc-
tance to take GC cannot be overlooked anymore. Yet, little attention 
has been given in clinical trials to the initial dose and tapering regi-
men of GC. For years, textbooks have advised starting with a stand-
ard prednisolone dose of 1 mg/kg/day. A first step forward was the 
suggestion, by the National Institutes of Health (NIH) investigators, 
to use intravenous (IV) pulse methylprednisolone (MP) therapy, 
mostly at a dose of 1 g (Gourley et al., 1996). This mode of admin-
istration achieves potent immunosuppression while minimizing 
at least some of the metabolic effects of oral GC. In recent trials, 
such as those performed by the Euro-Lupus group (Houssiau et al., 
2002, 2010), a much lower dose of oral prednisolone (0.5 mg/kg/
day) was used, in combination with a few IV MP pulses to launch 
therapy. Whether oral GC therapy can be completely skipped from 
induction immunosuppressive regimens is far from proven but it 
was recently suggested by an uncontrolled study which showed that 
complete renal remission can be achieved at 6 months in a signifi-
cant percentage of cases without any oral GC therapy (patients were 
given pulse IV MP, rituximab, and MMF) (Condon et al., 2013). In 
any case, titration of the GC dose to the minimum now belongs to 
standard of care.

Cyclophosphamide
CY (in fact, its metabolites) is purported to exert its cytotoxic 
and immunosuppressive properties by alkylation of purine bases, 
thereby inducing DNA damage and interfering with cell division. 
Oral CY was successfully tested in LN by the Mayo Clinic investiga-
tors, in combination with GC (Donadio et al., 1972). However, the 
adverse effects of oral CY are so numerous and so potentially severe 
(cytopenia, infection, haemorrhagic cystitis, bladder and other can-
cers, premature gonadal failure) that this mode of administration is 
currently not recommended, except in a few highly selected severe 
LN cases, where it should be prescribed only for a short period of 
time (up to 3 months).

Somewhat ironically, because CY was specifically developed 
for oral administration, a clear shift has occurred towards the IV 
route, after the work by the NIH investigators who popularized 

the so-called NIH regimen consisting in monthly (for 6 months) 
followed by quarterly (for up to 1 year after complete remission) 
high-dose (0.75–1.5 g/m2) IV CY pulses, mostly combined to IV 
MP pulses (Austin et al., 1986; Boumpas et al., 1992; Gourley et al., 
1996). Of note, in the strict ‘NIH regimen’, the CY dose must be 
increased, pulse after pulse, until the total white blood cell count 
drops below 4000/μL on day 10–14. Patients require IV antiemet-
ics, oral and IV hyperhydration, and, therefore, overnight hospital 
stay. Mesna® must be prescribed to prevent bladder toxicity (the 
drug binds to acrolein, one of the toxic CY metabolites). While this 
regimen was shown to be superior to GC to preserve renal function 
in the long run, the high incidence of severe infections and prema-
ture gonadal failure (between 35% and 50% of women at risk) made 
it very unpopular amongst young, female LN patients, in particular 
the quarterly maintenance protocol, which is hardly used anymore.

Alternatives to the ‘NIH regimen’ were generated, amongst 
which the so-called sequential Euro-Lupus regimen consisting in 
prescribing CY in low dose (fixed 500 mg) for a short period of 
time (3 months; six fortnightly pulses), before switching to a more 
patient-friendly drug, namely AZA (2 mg/kg/day) for chronic 
long-term (5–10 years) immunosuppression. The concept was suc-
cessfully tested in a controlled trial, the Euro-Lupus Nephritis Trial 
(Houssiau et al., 2002). To summarize, after 10 years of follow-up, 
the Euro-Lupus regimen achieved results comparable to a NIH-like 
high-dose CY protocol, with a very low ESRD rate (5%) (Houssiau 
et al., 2010). Whether this conclusion, based on a European trial 
performed in a mainly Caucasian population, can be extrapolated 
to other ethnic and socioeconomic groups and to the most severe 
cases of LN is currently unknown. Conversely, nothing argues 
against this possibility and the many advantages of the Euro-Lupus 
regimen must be emphasized: no need for prolonged inpatient stay 
(500 mg IV CY can be administered as a 30-minute drip infusion in 
a day-clinic), for hyperhydration, for Mesna®, no white blood cells 
count (WBC) monitoring and no risk of premature gonadal failure.

On the whole, despite the drug not being labelled for LN, CY (in 
particular the more patient friendly IV and low-dose regimens), 
remains a valid option for immunosuppression in class III (± V) 
and class IV (± V) LN, keeping in mind that the IV route ensures 
optimal compliance and that very long-term follow-up is only 
available for IV CY protocols so far.

Mycophenolate mofetil
MMF, the prodrug of mycophenolic acid (MPA), has been used 
in transplantation medicine for at least 20 years to prevent graft 
rejection. MPA inhibits inosine monophosphate dehydrogenase, 
an enzyme involved in purine synthesis, but does not incorporate 
into DNA, and therefore should not induce mutagenic events. Side 
effects (gastrointestinal (GI) intolerance such as diarrhoea, haema-
tological toxicity such as anaemia in patients with renal impair-
ment) can usually be managed by dose adaptations and, on the 
whole, the toxicity profile of the drug is fairly good. Its teratogenic-
ity forbids its use during pregnancy, at least in the first trimester 
(Anderka et al., 2009). Several doses have been tested in LN tri-
als, mostly between 1.5 and 3g/day. MMF has been compared to 
oral and IV CY for induction therapy and to AZA for maintenance 
treatment.

MMF was found superior to NIH IV CY to induce complete 
remission of renal signs at 6  months (22.5% vs 5.8%) in a US  
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(> 50% African Americans) randomized trial (Ginzler et al., 2005). 
However, in a subsequent multiethnic trial (the ASPREVA Lupus 
Management Study (ALMS)), the two immunosuppressants were 
found to be equivalent in inducing a renal response at 6 months 
(56.2% in the MMF group vs 53.0% in the IV CY arm), with an 
advantage of MMF over IV CY in non-Caucasian/non-Asian 
patients (Appel et  al., 2009). Interestingly, a subset analysis per-
formed on patients presenting with a glomerular filtration rate 
(GFR) < 30 mL/min indicated that MMF was not less effective 
than IV CY in these more severely affected patients (Walsh et al., 
2013). Side effects were comparable in both groups. To summarize, 
MMF can be considered as at least equivalent to CY in inducing an 
early renal response, although we lack long-term data on patients 
induced with MMF. The decision to start MMF or IV CY at the 
bedside will be influenced by many variables. Thus, if one antici-
pates non-observance to therapy, IV CY may be the ideal choice. 
Conversely, in patients with pregnancy plans and of non-Caucasian, 
non-Asian ethnicity, it may be wiser to prescribe MMF.

MMF was also proven effective for maintenance immuno-
suppression in LN (Contreras et  al., 2004; Ginzler et  al., 2010; 
Houssiau et al., 2010b). Thus, patients randomized in ALMS who 
had responded to MMF or IV CY at 6 months (± 50% of the origi-
nal cohort), were re-randomized to receive AZA or MMF for an 
additional period of 3 years. Time to treatment failure (a compos-
ite endpoint) was statistically shorter for AZA patients compared 
to MMF patients and superiority of MMF over AZA was demon-
strated for patients who had achieved a response at 6 months with 
MMF (36% vs 21% failure rate) or with IV CY (28% vs 11%). Side 
effects were comparable (Dooley et al., 2011). In the MAINTAIN 
Nephritis Trial performed in a Caucasian European population, 
all patients received the same induction regimen, namely GC and 
6 fortnightly pulses of 500 mg IV CY (Euro-Lupus regimen). At 
month 3, irrespectively of the magnitude of their renal response, 
patients were switched to AZA or MMF. Time to renal flare did not 
differ at 5 years (19% and 25% flare rate for MMF and AZA patients, 
respectively). Untoward effects did not differ between the two 
groups except for transient cytopenias (more frequent in the AZA 
group) (Houssiau et al., 2010b). Repeat renal biopsies, performed 
2  years after randomization, in a representative set of patients, 
failed to reveal an advantage of one drug over the other in terms of 
activity/chronicity indices (Stoenoiu et al., 2012). The design and 
the patient population of the two MMF/AZA maintenance LN tri-
als are so different that one should avoid comparing them head-to-
head. Rather, we would suggest interpreting the results in a positive 
way, since at least two drugs are available for long-term use in LN 
patients, with a reasonable efficacy and toxicity profile, although 
none of them are—again—licensed for use in LN.

Azathioprine
AZA is mostly used in systemic rheumatic diseases as a 
steroid-sparing drug. Its toxicity profile is rather safe but adverse 
events can lead to treatment discontinuation in case of severe GI 
intolerance, hepatitis, hypersensitivity reaction, or severe pancy-
topenia. The latter occurs mainly in patients who are deficient in 
thiopurine methyltransferase (TPMT), one of the enzymes respon-
sible for the catabolism of AZA (actually of 6-MP) into inactive 
metabolites. When available, TPMT genotyping should be per-
formed before AZA is prescribed: AZA should be started at lower 

doses in heterozygous patients and avoided in case of homozy-
gous TPMT deficiency (Ford and Berg 2010). An increased risk of 
non-melanoma skin cancers is yet another concern linked to the 
very chronic use of AZA. In this respect, an increased frequency 
of somatic mutations at the hypoxanthine phosphoribosyltrans-
ferase locus, related to both total dose and treatment duration, was 
recently found in peripheral T lymphocytes of patients suffering 
from inflammatory bowel disease treated with AZA, thereby stress-
ing the potential carcinogenicity of the drug (Nguyen et al., 2009). 
The place of the drug in the armamentarium of LN is mainly on the 
maintenance side where its competes with MMF (Houssiau et al., 
2010b; Dooley et al., 2012). In this respect, it should be stressed 
that, contrary to MMF, AZA can be safely prescribed during preg-
nancy (Ramsay-Goldman and Schilling 1997), an issue that needs 
to be appreciated when long-term immunosuppression is consid-
ered in young women planning pregnancy. Whether AZA can be 
used, in conjunction with GC, as induction therapy of LN has been 
suggested but, at least compared to NIH IV CY, its use is associated 
with a higher renal relapse rate (Grootscholten et al., 2006), even 
if the percentage of patients with a sustained doubling of serum 
creatinine did not differ between groups after 10 years of follow-up.

Other immunosuppressants
Calcineurin inhibitors (ciclosporin microemulsion and tacrolimus) 
have logically been tested in LN based on their mode of action and 
the data gathered from renal transplantation (RT). Few randomized 
controlled trials, performed with small numbers of LN patients fol-
lowed for a short period of time, suggest that both drugs can reduce 
proteinuria (Moroni et al., 2009; Lee et al., 2011). Some of their side 
effects, such as chronic nephrotoxicity, hypertension, diabetes, and 
impaired lipid profile (less marked with tacrolimus than with ciclo-
sporin), obviously restrict their use in LN patients already at high 
cardiovascular risk, not to mention the fact that proteinuria mostly 
relapses when the drug is withdrawn. Keeping these caveats in 
mind, although calcineurin inhibitors can prove useful in selected 
cases of proliferative LN unresponsive to conventional therapy or of 
membranous LN, they are not considered as a first-choice therapy.

Based on the pathogenic role of autoantibodies and immune 
complexes in LN, repeated plasma exchanges have been pro-
posed but were not found superior to a sham procedure, in addi-
tion to standard of care, in a randomized controlled trial (Lewis 
et al., 1992). Nevertheless, they can be useful as adjunct therapy 
in selected cases of refractory LN, in particular those associated 
with severe extrarenal manifestations or within the context of a 
catastrophic antiphospholipid syndrome-related microangiopathy 
(Espinosa et al., 2011).

Mesenchymal stem cells (MSC) are stromally derived progeni-
tor cells, readily obtained from bone marrow, synovial, or adipose 
tissue, that can differentiate to all mesenchymal lineages, such as 
cartilage, bone, adipose tissue, or muscle. Most interestingly, MSCs 
display negative immunomodulatory effects in vitro. They sup-
press lymphocyte proliferation and antibody production, through 
partially unravelled mechanisms, involving cell-to-cell contacts 
and soluble factors. Their immunosuppressive properties have 
prompted preclinical research in animal models of autoimmune 
diseases, the most promising results being obtained in experimen-
tal autoimmune encephalomyelitis, a model of multiple sclerosis. 
Whether a similar approach can be applied to patients suffering 

 

 



CHAPTER 163 sle: treatment and outcome 1383

from autoimmune diseases is currently under investigation (Uccelli 
et al., 2011). Over 1000 humans have received MSCs (mostly allo-
geneic; MSCs are immunoprivileged) for various diseases, such 
as graft-versus-host disease, without noticeable adverse events. 
Intriguing positive results of two uncontrolled trials performed 
in LN patients have been published (Sun et al., 2010; Liang et al., 
2010) but need to be confirmed in a proper randomized trial.

Duration of immunosuppressive therapy
Although we lack prospective trials specifically aimed at compar-
ing different lengths of maintenance regimens, the very high renal 
relapse rate (35% in most long-term series) favours prolonged 
immunosuppression. In a small but interesting withdrawal study 
performed in LN patients, an inverse correlation was found between 
the length of treatment and remission before withdrawal and the 
risk of relapse (Moroni et al., 2006). Interestingly, in Europe, cur-
rent practice is to keep patients long term on AZA/MMF and on 
low-dose GC. The possibility that the excellent long-term renal 
outcome observed in the Euro-Lupus Nephritis Trial (8% ESRD at 
10 years) (Houssiau et al., 2010) is linked to prolonged immuno-
suppression is far from proven, yet not too far-fetched.

Treatment of membranous lupus nephritis
Membranous (class V) LN is characterized by subepithelial immune 
deposits. When associated with ‘proliferative’ disease, namely 
class III (focal) or class IV (diffuse) LN, most physicians consider 
that the presence of proliferative lesions guides therapy. However, 
some patients suffer from isolate membranous LN, either as the 
initial manifestation of renal involvement, or later in its evolution. 
Thus, patients treated for proliferative disease sometimes shift to 
membranous LN, unmasked by a control kidney biopsy performed 
because of persisting proteinuria despite immunosuppression and 
improvement in serological activity. Membranous LN should not 
be considered as a benign disease, since a substantial proportion 
of patients will develop ESRD. Moreover, persistent proteinuria or 
nephrotic syndrome may per se cause significant comorbidities, 
such as thromboembolic events and increased cardiovascular risk.

Treatment of pure membranous LN does not differ much from 
that of idiopathic membranous nephropathy, the more so as few 
controlled trials have specifically addressed this issue in LN. 
A distinction must be made between patients with low-grade or 
high-grade proteinuria. Thus, in patients with low-grade pro-
teinuria, a ‘watchful waiting’ approach with optimal blockade of 
the angiotensin–renin–aldosterone system is mostly appropriate, 
together with lifestyle changes. In patients with high proteinuria, 
immunosuppressants are usually added, combining GC and one 
of the following drugs: CY, MMF, AZA, or calcineurin inhibitors. 
In a controlled trial performed at the NIH, 42 patients with pure 
membranous LN received (a) ciclosporin and alternate-day GC; or 
(b) alternate-month IV CY for 6 doses and alternate-day GC; or 
(c) alternate-day GC alone. Regimens (a) and (b) were both found 
superior to (c)  at 1  year, but, interestingly, while the effect was 
prompter with calcineurin inhibitors, relapses were more frequent 
than in the CY group (Austin et al., 2009). A subset analysis per-
formed in the 84 pure membranous LN cases randomized in two 
large, recent, randomized LN trials comparing MMF and IV CY 
(Ginzler et al., 2005; Appel et al., 2009) revealed that both drugs 

were equally effective at 24 weeks (Radhakrishnan et  al., 2010). 
MMF is therefore a reasonable first-choice therapy in class V LN.

Treatment of lupus nephritis in pregnancy
Pregnant lupus patients with a past history of nephritis run a higher 
risk of maternal and fetal complications, such as hypertension, 
preeclampsia, eclampsia, fetal loss, intrauterine growth retardation, 
premature birth, etc. (Smyth et al., 2010). Patients on maintenance 
immunosuppression and whose renal disease is under control 
should not change their treatment, except if they take drugs that are 
forbidden during pregnancy, such as MMF, methotrexate, ACEIs, 
non-steroidal anti-inflammatory drugs, or diuretics. Withdrawal of 
ACEIs can lead to increased proteinuria, which is already the case 
in pregnant LN patients due to increased GFR. Shift from MMF 
to AZA may be associated with a renal flare. By contrast, steroids, 
AZA and HCQ can be (should be!) maintained throughout preg-
nancy to prevent lupus flares. Pregnant lupus patients with active 
renal disease (either because they become pregnant promptly after 
onset of renal involvement or because their LN started while preg-
nant) require very careful monitoring and should be immunosup-
pressed with GC (including, if needed, IV pulses of MP which can 
be safely administered during pregnancy). AZA can be added as 
a steroid-sparing agent, instead of IV CY or MMF. In exceptional 
cases, the latter drugs can be prescribed after the first trimester 
of pregnancy, when organogenesis is complete. Medical termina-
tion of pregnancy can be discussed in selected cases. Hypertension 
should be treated with alpha-methyldopa, calcium channel block-
ers, or labetalol. The presence of an antiphospholipid syndrome 
may further interfere with lupus pregnancy, as discussed elsewhere. 
There is some evidence from the non-lupus literature that low-dose 
aspirin prevents pre-eclampsia (Askie et al., 2007), thereby explain-
ing why this treatment is recommended in pregnant lupus patients 
with a history of LN (Bertsias et al., 2012).

Targeted therapies
Fig. 163.1 depicts a simplified view of the pathophysiology of SLE 
and indicates some of the many potential targets for biologic ther-
apy in LN. Not all have been (or will be) investigated. Sadly, none of 
those tested so far in randomized controlled trial, namely abetimus, 
rituximab (RTX; anti-CD20 mAb), ocrelizumab (OCR; humanized 
anti-CD20 mAb), and abatacept (CTLA4-Ig), were found to be 
superior to standard of care (SOC).

The LUNAR (Lupus Nephritis Assessment with Rituximab) trial 
was a phase 3 randomized, double-blinded, placebo-controlled, 
multicentre study including class  III or IV LN patients (Rovin 
et  al., 2012). All patients received GC and MMF as background 
therapy. RTX (two infusions of 1 g, 15 days apart with re-treatment 
6 months later) or placebo was given as add-on treatment. The pri-
mary outcome, that is, the proportion of patients achieving com-
plete or partial renal response at week 52, was met by 57% and 46% 
of the patients randomized in the RTX and placebo group, respec-
tively. This difference was not statistically significant. A  trend in 
favour of RTX was noted in African Americans (70% vs 45%).

The BELONG trial was aimed at testing the efficacy and safety 
of OCR in patients with active ISN/RPS class III or IV LN treated 
with SOC consisting of GC and either MMF or the Euro-Lupus 
regimen, as selected by investigators (Mysler et al., 2013). The study 
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was terminated early, after complete enrolment, because an interim 
analysis revealed safety concerns. Thus, serious infections, that 
is, requiring IV antibiotics, were twice as common in the 400 mg 
OCR group (surprisingly not in the 1000 mg OCR group) com-
pared to placebo. Intriguingly, this was the case only in the sub-
group of patients given MMF as SOC background therapy (not on 
Euro-Lupus background).

The negativity of these two B-cell blockade LN trials, together 
with the negative results of the EXPLORER (Exploratory Phase II/
III SLE Evaluation of Rituximab) trial performed in non-renal lupus 
patients (Merrill et al., 2010), contrasts with the clinical practice of 
experienced physicians who have been successfully using RTX in 
LN cases who had failed on conventional therapy, thereby raising 
concerns about the design of the two RTX LN studies. Did con-
comitant therapy (with high doses of GC and other immunosup-
pressants) mask the effects of RTX? Were the trials too short term 
to unmask the benefits of RTX? Were the doses of RTX appropri-
ate? Should RTX be prescribed only in a subset of early refractory 
LN cases not responding to SOC after 3–6 months? These are some 
of the many questions that should be addressed before RTX be con-
sidered a falling star! In this respect, the recent positive result of 
EMBLEM (Wallace et al., 2013), a short-term phase 2 epratuzumab 
(anti-CD22) trial performed in lupus patients without severe renal/
central nervous system involvement, further stress the potential 
value of a B-cell blockade approach in lupus.

Two randomized trials were designed in order to test the efficacy 
of abatacept as add-on induction therapy for LN. The molecule, also 
called CTLA4Ig, is a selective T-cell co-stimulation modulator that 
binds to B7 (expressed on antigen-presenting cells) and thereby 

blocks its interaction with CD28, expressed on T cells, preventing 
T-cell activation. An industry-sponsored trial testing abatacept on 
a GC and MMF background was recently reported to be incon-
clusive (Furie et al., 2014), although other post hoc definitions of 
the primary endpoint may lead to different conclusions (Wofsy 
et al., 2013). We now eagerly await the results of the ACCESS trial 
(Abatacept and Cyclophosphamide Combination:  Efficacy and 
Safety Study), a study sponsored by the Immune Tolerance Network 
and the National Institute for Allergy and Infectious Diseases, 
aimed at comparing abatacept and placebo on a Euro-Lupus regi-
men background.

Other biologics will most likely be tested in LN. The very recent 
approval US Food and Drug Administration of belimumab for the 
treatment of moderately severe lupus, after the success of two phase 
3 pivotal trials performed in non-renal lupus patients (Navarra 
et  al., 2011), will likely trigger a proper LN trial with the drug. 
Anti-CD22 epratuzumab, anti-IL6, anti-IL6R, and anti-type I IFNs 
are also likely to be investigated.

Optimal multidisciplinary care
Long-term prognosis of LN patients relies upon excellent daily care 
given in specialized centres aimed at controlling all aspects of such 
a complex disease. In other words, until a wonder drug becomes 
available, most of the differences in outcome may well be related to 
the quality of care, as in many other chronic diseases.

At diagnosis, physicians, dedicated nurse practitioners, and 
patients’ associations should provide adequate educational mate-
rial that replaces inaccurate and mostly frightening uncontrolled 
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Fig. 163.1 Targeted therapies in lupus nephritis. Clearance of apoptotic bodies is impaired in systemic lupus erythematosus and autoantigen-containing apoptotic 
material is processed by dendritic cells (instead of phagocytes) and presented to T-helper cells, which in turn cooperate with B-cells, in the presence of optimal 
co-stimulation (through CD40-CD40L and CD28-B7.1/B7.2). Cytokines are produced by dendritic cells and activated T-helper cells, and further stimulate B-cells to 
produce high-affinity anti-dsDNA antibodies, which bind to glomerular structures, such as the basement membrane, and initiate glomerulonephritis. Potential targeted 
therapies are indicated in red.
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websites and forums, favouring misconceptions. Follow-up must 
be obsessional, following a standardized scheme and directly 
involving patients.

Since non-adherence to pharmacological therapy is one of the 
major reasons for treatment failure, it should be discussed with the 
patient from the very first visit and always suspected in ‘refractory’ 
cases. Interestingly, measurements of whole-blood hydroxychlo-
roquine (HCQ) titres may help in detecting poor adherence. The 
drug is (should be) prescribed in all lupus patients, including those 
who suffer from LN, based on its proven ability to prevent lupus 
flares and its excellent toxicity profile. Due to its long elimination 

half-life, HCQ accumulates in the blood in patients, at least in those 
taking the drug on a regular basis. Those who swallow only a few 
pills the days before the visit—a phenomenon known as ‘white coat 
compliance’—have very low HCQ whole-blood titres and can there-
fore be unmasked. Using this tool as an index of poor adherence 
to therapy, a recent study could demonstrate that non-compliant 
lupus patients experienced more lupus flares, thereby further dem-
onstrating the pivotal role of HCQ in the management of SLE 
(Costedoat-Chalumeau et al., 2007).

As in other chronic renal diseases (see KDOQI (Kidney 
Disease Outcomes Quality Initiative) and KDIGO (Kidney 

Table 163.1 Standard immunosuppressive drugs for induction and maintenance therapy of ISN/RPS class III/IV/V lupus nephritis

Drug Route Dose Induction Maintenance Pregnancy Side effects Monitoring

Glucocorticoids Oral 0.5–1.0 mg/kg/day

prefer 0.5 mg/kg/day

Required

Combined to 
another IS

Advised

Low dose (5–7.5 mg/day)

Allowed Cushingoid features

Infections

Etc.

Glucose

BMD

K

IV 500–1000 mg MP Advised

3 consecutive days

Optional (monthly to 
3-monthly)

Consider in 
non-compliant patients

Allowed Cushingoid features

Infections

Etc.

Glucose

BMD

K

Cyclophosphamide Oral 2 mg/kg/day Only for highly 
selected severe 
cases

No Forbidden Gonadal failure

Cytopenia

GI intolerance

Haemorrhagic 
cystitis

Bladder cancer

FBC

Liver tests

IV NIH 500–1000 mg/m2

6-monthly pulses

dose adjusted (WBC nadir)

Mesna® advised

Reasonable 1st 
choice

No Forbidden Gonadal failure

Cytopenia

GI intolerance

FBC

Liver tests

IV EL 500 mg fixed dose

6-fortnightly pulses

Reasonable 1st 
choice

Not applicable Forbidden FBC

Liver tests

Mycophenolate 
mofetil

Oral 1–3 g/day

Target 2–3 g/day

Reasonable 
1st choice

Preferred for 
non-Caucasians, 
non-Asians

Reasonable 1st choice Forbidden Diarrhoea

Cytopenia

Hepatitis

Teratogenicity

FBC

Liver tests

Azathioprine Oral 1.0–2.5 mg/kg/day

Target 2.0–2.5 mg/kg/day

Not 1st choice Reasonable 1st choice Allowed Nausea

Cytopenia

Hepatitis

Hypersensitivity

TPMT 
genotype

FBC

Liver tests

Calcineurin 
inhibitors

Oral Ciclosporin: 2.5–3.0 mg/
kg/day

Tacrolimus: 0.05 mg/kg/day

Not 1st choice Selected cases

Pure membranous lupus 
nephritis

Allowed Nephrotoxicity

Hypertension

Hypertrichosis

Hyperlipidaemia

Tremor

GFR

BP

Lipids

Glucose

Plasma exchanges NA 2–4 L/session

twice weekly, then weekly

Selected cases No Difficult Infections IgG titres

BMD = bone mineral density measurement; BP = blood pressure; EL = Euro Lupus; FBC = full blood cells count; GFR = glomerular filtration rate; GI = gastrointestinal; 
IS = immunosuppressant; IV = intravenous; K = potassium; MP = methylprednisolone; NA = not applicable; NIH = National Institutes of Health; TPMT = thiopurine methyltransferase; 
WBC = white blood cells count.
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Disease: Improving Global Outcomes) guidelines) blood pressure 
must be tightly controlled and maximal systolic/diastolic values 
should not exceed 120/80 mm Hg. Antiproteinurics should be pre-
scribed in all cases of LN, if needed by combining ACEIs, ARBs, 
and loop diuretics.

Pivotal data by the Toronto group first pointed to a bimodal mor-
tality pattern in lupus patients, with an early peak related to lupus 
itself and its therapy, and a second due to cardiovascular disease 
(Urowitz et al., 1976). This observation was largely confirmed by 
the formal demonstration of accelerated atheroma in lupus patients, 
as assessed by carotid Doppler studies (plaques and intima–media 
thickness) (Roman et al., 2003) and by coronary computed tomog-
raphy scan studies (calcifications) (Asanuma et al., 2003). In this 
respect, control of other cardiovascular risk factors is of the utmost 
importance, such as smoking avoidance, weight, exercise, and 
cholesterol levels. As for diabetes mellitus, we set the cut-off for 
treatment with a cholesterol-lowering drug as low as 115 mg/dL of 
low-density lipoprotein cholesterol.

Numerous studies have demonstrated that many lupus patients 
suffer from GC-induced osteoporosis (Houssiau et al., 1996) that 
should always be prevented by calcium salts and vitamin D3 sup-
plements and, in selected cases, by bisphosphonates. All lupus 
patients should be immunized against Streptococcus pneumoniae 
(Naveau and Houssiau, 2005), given the incidence and severity 
of the infections caused by this pathogen. The higher prevalence 
of uterine cervix carcinoma and human papillomavirus infection 
in lupus patients compared to a control population (Tam et  al., 
2004) strongly argues in favour of early immunization in teenage 
lupus patients.

Renal replacement therapy 
and transplantation
For the 10–30% of LN patients who develop ESRD, RRT or RT is 
the only remaining option. In this respect, in patients with severe 
sustained renal impairment and major chronic glomerular and/or 
interstitial changes on renal biopsy, it may be wiser to opt for RRT 
rather than to introduce an additional immunosuppressant or a 
new biologic agent, to avoid unnecessary infectious episodes. This 
attitude is all the more appropriate since survival of lupus patients 
on haemodialysis (HD) is by and large comparable to the general 
population (Mojcik and Klippel, 1996). ESRD lupus patients still 
on immunosuppressive therapy experience significantly more 
peritonitis while on continuous ambulatory peritoneal dialysis 
(CAPD) compared to non-lupus patients (Huang et  al., 2001). 
For this very reason, HD may be preferred to CAPD in patients 
with LN still immunosuppressed (Rietveld and Berden, 2008), 
although this remains debated. Disease activity and serum mark-
ers usually decrease in lupus patients with ESRD and remain so on 
RRT, with some exceptions that require reintroduction of specific 
therapy. Lupus patients with ESRD, when in clinical remission, are 
good candidates for RT, as suggested by graft and patient survival 
rates, again comparable to other groups of patients (Bunnapradist 
et  al., 2006). Pre-emptive graft with a living donor reduces the 
waiting time for RT and is therefore likely to improve survival 
rates. Recurrence of lupus in the transplanted kidney is a surpris-
ingly low event (< 5%) and is probably prevented by antirejection 
immunosuppressive therapy. The presence of an antiphospholipid 
syndrome may complicate RRT (thromboembolic events) and RT 

(graft thrombotic microangiopathy). Much attention should be 
paid to cardiovascular pre-transplant screening.

Synopsis
Table 163.1 tentatively summarizes the respective indications of 
the most commonly used immunosuppressants, as well as some 
more practical points. Box 163.1 serves as an executive summary 
by stressing the key points to consider when deciding treatment 
in a LN patient. Both tables do not strive for completeness, nor are 
they intended to serve as recommendations, such as those edited 
by the European League Against Rheumatism and the European 
Renal Association-European Dialysis and Transplant Association 
(Bertsias et al., 2012) or by the American College of Rheumatology 
(Hahn et al., 2012). Rather, they should highlight the critical issues 
that must be taken into account before making a decision at the 
bedside. Not unexpectedly, not all LN patients respond to the same 
first-line immunosuppression and we cannot predict who is going 

Box 163.1 Key points to consider when treating LNa

u Activity and chronicity indices on renal biopsy (and not only 
the ISN/RPS class) should be taken into account before mak-
ing a treatment decision

u Whenever possible, use moderate doses of oral glucocorti-
coids (e.g. 0.5 mg/kg/day) and start with IV methylpredni-
solone therapy (e.g. 500–1000 mg on 3 consecutive days) to 
reduce oral glucocorticoid starting dose

u The choice for induction treatment is mostly between intrave-
nous cyclophosphamide and mycophenolate mofetil

u Mycophenolate mofetil is at least equivalent to cyclophospha-
mide to induce a renal response

u If cyclophosphamide is chosen, prefer an IV regimen, either 
the Euro-Lupus regimen (6 × 500 mg every fortnight) or the 
NIH 6 months induction regimen

u Treatment shift (from IV cyclophosphamide to mycopheno-
late mofetil or vice versa) is advisable in case of poor response 
after 3–6 months of induction therapy

u The choice for maintenance treatment is mostly between 
mycophenolate mofetil and azathioprine, in combination 
with low-dose glucocorticoids

u Given the high relapse rate, long-term maintenance treatment 
is advisable

u Optimal multidisciplinary care is pivotal
u In some patients with severe sustained renal impairment 

and major chronic glomerular/interstitial changes on renal 
biopsy, it may be wiser to opt for renal replacement therapy 
(when needed) and to step down immunosuppressive ther-
apy, instead of introducing yet another potentially toxic drug

u Patients’ specificities (e. g.  ethnicity) and perspectives (e.g. 
pregnancy plans) need to be taken into account.

aThese key points apply mainly for proliferative LN (ISN/RPS class III ± V; 
class IV ± V).
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to respond to which drug. One way to overcome this shortcoming, 
and to limit the consequences of a ‘trial and error’ approach, is to 
evaluate the early response to therapy and to shift to another treat-
ment in case of unsatisfactory response.

Despite the many progresses described in this chapter, several 
needs remain unmet. How can we identify patients at baseline who 
run the highest risk for ESRD? Which biomarkers will help us to 
predict renal relapses? What is the minimal GC dose? Should we 
aim at inducing a complete renal remission? Should we use combi-
nation therapy? What is the place of anti-B-cell therapy? How long 
should patients be treated? All of these issues clearly deserve fur-
ther evidence-based data.
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CHAPTER 164

The patient with 
antiphospholipid syndrome 
with or without lupus
Bassam Alchi and David Jayne

Introduction
The antiphospholipid syndrome (APS) (Box 164.1) was first 
described by Hughes in the mid 1980s as a disorder of hyperco-
agulability in association with antiphospholipid antibodies (aPL), 
reported in the context of systemic lupus erythematosus (SLE) 
(Hughes, 1983). APS also occurs, less frequently, in the absence 
of associated autoimmune disease:  ‘primary APS’. In the past 
two decades, a variety of immunologically mediated thrombotic 
events related to almost every organ system have been identified 
as features of this syndrome (Ruiz-Irastorza et al., 2010). APS is 
increasingly recognized as an important cause of renal injury, and 
nephrologists are more frequently involved in managing patients 
with APS, whether it is primary, SLE-related, in the severe cata-
strophic antiphospholipid syndrome (CAPS), before and after dial-
ysis onset, or at transplantation (Alchi et al., 2010).

Antiphospholipid antibodies
aPL are a heterogeneous group of antibodies observed in a range 
of pathological conditions, as well as in healthy populations 
(Biggioggero and Meroni, 2010). They play a crucial role in the 
pathogenesis of APS (Box 164.2); however, not all patients with 
these antibodies develop clinical features of APS, for example, 
aPL are found in approximately 30–40% of patients with SLE, but 
only 10% have APS. A ‘two-hit hypothesis’ has been suggested to 
explain the clinical observation that thrombotic events occur only 
occasionally, in spite of the persistent presence of aPL. According 
to this principle, the antibody (representing the first hit) induces a 
thrombophilic state, but clotting takes place only in the presence 
of another thrombophilic condition (the second hit), for example, 
infection or trauma (Willis et al., 2012).

Antibodies to cardiolipin (aCL) and beta-2 glycoprotein 1 
(β2GP1) of immunoglobulin (Ig)-G and IgM isotype are routinely 
measured in serum by solid-phase immunoassays. Lupus anticoag-
ulant (LA) is suggested by a prolonged activated partial thrombo-
plastin time and confirmed by prolongation of the diluted Russell 
viper venom test indicating the presence of a transferable inhibitor 
of coagulation. Anticoagulation with oral vitamin K antagonists 
interferes with and can invalidate the results of LA. Taipan snake 
venom time assay is preferably used to diagnose LA in patients 
receiving anticoagulants (Parmar et al., 2009).

It is unclear which patients with aPL will develop thrombosis. 
In general, LA are more specific for APS, whereas aCL are more 
sensitive. The association between aPL and thrombosis is stronger 
with LA than with aCL. In a meta-analysis of 25 studies involv-
ing 7000 patients, the odd ratios for thrombosis was 11.0 for LA 
and 1.6 for aCL (Galli 2003). Moreover, LA for which the prolonga-
tion of clotting times is dependent on the presence of β2GP1 show 
much stronger association with thrombosis (odds ratio, 42.3) than 
do LA that are independent of β2GP1 (odds ratio, 1.6) (de Laat 
et al., 2004).

Renal manifestations of antiphospholipid 
syndrome
The most common renal presentation of APS, with or without 
lupus, is with hypertension, proteinuria, active urinary sediment, 
and acute or progressive renal dysfunction. Hypertension may be 
severe, with some patients presenting with hypertensive emer-
gencies. Nephrotic syndrome occurs in one-third of patients with 
SLE-related APS, while it is rare in primary APS. Any part of renal 
vasculature can be affected in APS, and the clinical presentation 
depends on the size of blood vessel involved (Nochy et al., 1999; 
Amigo, 2006; D’Cruz, 2009). In a survey of 160 patients with pri-
mary APS, 9% had renal abnormalities, all with proteinuria. Renal 
biopsy revealed antiphospholipid nephropathy (APSN), membra-
nous and proliferative glomerulonephritis, and the subgroup with 
renal disease were more likely to be LA positive and to have hypoc-
omplementaemia (Sinico et al., 2010).

Renal artery lesions
APS is a unique, non-traditional cause of renal artery stenosis 
(RAS) with important clinical consequences. It may manifest in 
multiple ways ranging from renal infarction to ischaemic acute 
kidney injury to slowly progressive ischaemic chronic renal failure 
to renovascular disease. Using magnetic resonance angiography, 
26% of aPL-positive patients with poorly controlled hypertension 
were found to have RAS as compared to 8% of young (≤50 years) 
hypertensive controls and 3% of healthy potential kidney donors 
(Sangle et  al., 2003). Two patterns of stenotic lesions have been 
described in APS. The more common pattern is characterized by 
smooth, well-delineated, and often non-critical stenoses in the mid 
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portion of the renal artery, quite distinct from either fibromuscular 
dysplasia or atherosclerosis. The less common pattern is similar to 
atherosclerotic lesions situated proximally and occasionally involv-
ing the aorta. The stenotic lesions often have both thrombotic and a 
reactive or proliferative components, with intimal mucoid thicken-
ing, subendothelial fibrosis, and medial hyperplasia. Renal artery 
imaging should be considered as RAS/thrombosis may respond to 
anticoagulation (Sangle et al., 2005).

Renal infarction
Renal infarction results from occlusive lesions in smaller diameter 
intraparenchymal vessels, caused by in situ thrombosis or emboli 
from a pre-existing proximal arterial or cardiac lesion. Patients 
with renal infarction present with flank pain, severe hypertension, 
and/or renal dysfunction. Some may have multiple, often serious, 
thrombotic episodes, and many have multiple infarctions in the 
renal cortex. Associated infarction of the adrenal glands is also 
seen. The renal pathology in these patients is characterized by glo-
merular ischaemia, tubular atrophy, and interstitial fibrosis.

Antiphospholipid nephropathy
APSN refers to the kidney damage caused by vaso-occlusive lesions 
in the glomeruli, arterioles, and/or interlobular arteries in patients 
with aPL. APSN vascular lesions may be acute, as in thrombotic 
microangiopathy (TMA), and/or chronic, such as arteriosclerosis, 
fibrous intimal hyperplasia, tubular thyroidisation, and focal corti-
cal atrophy (Box 164.3). APSN has been described in patients with 
primary APS, SLE-related APS, and SLE/non-APS patients with 
aPL. The same histologic lesions, especially TMA, are also observed 
in patients with catastrophic APS (Tektonidou et al., 2008). APSN 
is not yet considered a defining lesion of APS (Miyakis et al., 2006), 
and its true incidence is probably underestimated, in part because 
of the frequent occurrence of thrombocytopenia and systemic 
hypertension, discouraging renal biopsy. Patients with APS have an 
increased risk of haemorrhage after renal biopsy related to arterial 
vasculopathy, and suspension of anticoagulation to permit a biopsy 
can be complicated by a thrombotic event (Chaib et  al., 2007). 
Nevertheless, ASPN may occur in as many as 25% of patients with 
primary APS and 40% of SLE patients with positive aPL. Among 
aPL-positive SLE patients, ASPN was found in two-thirds of those 
with APS and in one-third of those without APS (Tektonidou et al., 
2004). The pathogenesis of APSN cannot be fully explained by the 
occurrence of ischaemic events, but it may also result from direct 
effects of aPL on the glomerular microcirculation (Meroni et al., 
2011). Both LA and aCL have been associated with the occur-
rence of APSN. IgG anti-β2GP1 antibodies are associated with 
TMA occurring in lupus nephritis and with C4d deposition in the 
thrombotic lesions indicating a pathogenic role for these antibodies 
and complement (Shen et al., 2010). In contrast, IgM anti-β2GP1 
antibodies have been associated with a more benign course in 
lupus nephritis, suggesting a protective effect on vascular injury 
(Mehrani and Petri, 2011).

Clinically, APSN manifests with hypertension, acute or chronic 
renal dysfunction, and low-grade proteinuria. The renal pathol-
ogy of APSN is characterized by glomerular capillary thrombosis 
with associated mesangiolysis, mesangial interposition, and dupli-
cation of glomerular basement membrane, without inflammatory 
cells or vascular immune deposits. These histological features 
resemble other forms of TMA such as HUS-TTP. Children with 
haemolytic-uraemic syndrome-thrombotic thrombocytopenic 

Box 164.1 Renal manifestations of antiphospholipid syndrome

u Vascular:

•	 Renal	artery	stenosis

•	 Renal	vein	thrombosis

•	 Antiphospholipid	syndrome	nephropathy

•	 Antiphospholipid	 syndrome	 associated	 with	 primary	
glomerulonephritis

u End-stage renal disease:

•	 Dialysis	access	thrombosis
u Transplant:

•	 Allograft	thrombosis.

Box 164.2 Proposed thrombotic mechanisms mediated by aPL

 u Disruption of endogenous antithrombotic mechanisms:

•	 Interference	with	natural	anticoagulants

•	 Disruption	of	annexin	A5 shield

•	 Activation	of	protein	C	resistance

•	 Inhibition	of	fibrinolysis
u aPL antibody-mediated pro-coagulant/pro-inflammatory cell 

signalling
u Induction of endothelial surface adhesion molecules
u Induction of tissue factor expression on monocytes and 

endothelial cells
u Interference with apoptotic cell clearance:

•	 Stimulation	of	platelet	aggregation
u Complement activation.

Box 164.3 Definition of antiphospholipid syndrome nephropathy 
(Sydney International Consensus, 2006)

APSN is the coexistence of aPL along with the histopathologic 
detection of:
u Thrombotic microangiopathy involving both arterioles and 

glomerular capillaries (Fig. 164.1) and/or
u One or more of:

•	 Fibrous	 intimal	 hyperplasia	 involving	 organized	 thrombi	
with or without recanalization (Fig. 164.2)

•	 Fibrous	 and/or	 fibrocellular	 occlusions	 of	 arteries	 and	
arterioles

•	 Focal	cortical	atrophy

•	 Tubular	thyroidization.
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purpura (HUS-TTP) associated with autoantibodies to ADAMTS13 
have gone on to develop SLE, lupus nephritis, and aPL, suggest-
ing that this presentation is both a precursor of SLE and a form of 
APSN (Muscal et al., 2011).

In the chronic phase, arteriosclerosis is associated with fibrocel-
lular intimal hyperplasia of the arteries and arterioles, with conse-
quent lumen restriction and ischaemia. This leads to focal zones of 
cortical atrophy in the superficial cortex, in which atrophic tubules 
packed with eosinophilic casts (tubular thyroidization) are often 
present. Focal cortical atrophy causes depression of the contour of 
renal capsule, which may give a ‘moth-eaten’ appearance on renal 
imaging.

A non-thrombotic glomerular endothelial injury with a distinc-
tive wrinkling and reduplication of the basement membrane has 

been associated with aPL (Griffiths et al., 2000). This type of injury 
is not included in the current APSN definition (Miyakis et al., 2006). 
APS has also been associated with membranous glomerulonephri-
tis and other primary glomerulopathies (Fakhouri et al., 2003).

Renal vein thrombosis
APS, with or without SLE, may lead to thrombosis of the renal 
veins and inferior vena cava. Thus, in any patient with persistently 
positive aPL who develops sudden heavy proteinuria or acute dete-
rioration of renal function, careful Doppler studies of the renal 
vasculature should be considered. Alternatively, contrast-enhanced 
computed tomography or magnetic resonance angiography can be 
used to provide the diagnosis.

Systemic lupus erythematosus-related 
antiphospholipid syndrome
An analysis of 21 studies (Love and Santoro, 1990) with > 1000 SLE 
patients found that 34% were positive for LA and 44% for aCL. In a 
prospective study (Tarr et al., 2007) on 272 SLE patients, 165 (60%) 
had aPL, 84 of 165 aPL-positive patients fulfilled the criteria for 
APS over 5-year follow-up, indicating that SLE patients with aPL 
have a 50% risk of thrombotic complications. The risk of throm-
bosis in SLE is greater in those with positive LA than with aCL. 
Neither the titre of anti-DNA antibodies nor the serum comple-
ment levels correlate with aPL levels.

Patients with SLE and aPL can develop any of the renal complica-
tions seen in primary APS. An isolated thrombotic microangiopa-
thy causing significant renal dysfunction occurs in up to 10% of SLE 
patients with these antibodies. In addition, glomerular microthrom-
bosis is seen in 10–30% of patients with lupus nephritis, especially 
in those with severe diffuse proliferative glomerulonephritis: they 
are associated with more severe proteinuria, worse hypertension, 
lower glomerular filtration rate (GFR), the development of glo-
merular sclerosis, and poor renal and patient survival (Tektonidou 
et  al., 2004; Zheng et  al., 2009). Lupus nephritis patients with 
microthrombi are more likely to have aPL (particularly LA) and 
to have a history of previous thrombotic episodes and/or recurrent 
fetal loss (Wakai et al., 1991; Daugas et al., 2002). The mechanism 
underlying the formation of microthrombosis is largely unknown, 
but is likely to involve complement activation (Cohen et al., 2008). 
Whether or not patients with glomerular microthrombi should be 
treated with anticoagulants in the absence of other thrombotic pro-
cesses remains an open question. Reflecting the common clinical 
and serological manifestations between SLE and APS it is nota-
ble that primary APS may evolve into SLE suggesting that these 
apparently different diseases are related (Shoenfeld et al., 2009). It 
is not known to what extent these two conditions share a common 
genetic background.

Catastrophic antiphospholipid syndrome
CAPS (also known as Asherson syndrome) is an accelerated vari-
ant of APS resulting in multiorgan failure. A definitive diagnosis of 
CAPS requires (a) clinical evidence of involvement of three or more 
organ systems in a period of less than a week, (b) histopathological 
evidence of small vessel occlusion in at least one organ system, and 
(c) laboratory confirmation of the presence of aPL, usually in high 

Fig. 164.1 Microangiopathic glomerulopathy. A glomerulus from a patient 
with positive antiphospholipid antibodies showing microangiopathic changes, 
including duplicated basement membranes, glomerular capillary thrombosis (seen 
in the afferent/efferent arteriole) with entrapment of fragmented erythrocytes. 
(Periodic acid–methenamine silver and Masson trichrome stain ×400.)
By courtesy of Dr Imai Naofumi, Department of Renal Pathology, Niigata University, Japan.

Fig. 164.2 Thrombotic arteriopathy. Renal arteriole from a patient with positive 
antiphospholipid antibodies showing intimal fibroplasia with re-canalized 
thrombus. (Elastica-Masson trichrome ×400.)
By courtesy of Dr Imai Naofumi, Department of Renal Pathology, Niigata University, Japan.
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titre (Asherson et al., 2003). Approximately 60% of the catastrophic 
episodes are preceded by a precipitating event, mainly infection.

The kidney is the organ most commonly affected by CAPS. 
According to the international CAPS registry data (Cervera et al., 
2009), 71% of patients had renal involvement, usually resulting in 
acute kidney injury, severe hypertension, and laboratory evidence 
of glomerular damage (proteinuria and haematuria). Renal biopsy 
revealed the typical frank microangiopathy. Immune complex 
nephritis was seldom encountered. Renal infarctions were also pre-
sent in some patients.

CAPS is uncommon but potentially life-threatening with a 50% 
mortality rate. The presence of SLE is the only identified poor prog-
nostic factor for a higher mortality rate in patients with CAPS. 
Causes of death include major organ involvement (other than the 
kidney) and infection (Bucciarelli et al., 2009). A high index of sus-
picion, early diagnosis, and aggressive therapy are vital for the sur-
vival of CAPS patients.

Antiphospholipid antibodies in end-stage 
renal disease
Studies in ESRD have shown a high prevalence of aPL in patients on 
haemodialysis (10–30%), with a lower incidence in those on peri-
toneal dialysis. These antibodies were independent of age, length of 
time on dialysis, sex, type of dialysis membrane, drugs, and chronic 
B and C hepatitis (Brunet et al., 1995). Although the mechanisms 
involved in the genesis of aPL in ESRD are unknown, they appear 
to be β2GP1 independent. Possible causes include dialysis mem-
branes, trauma to blood passing through the haemodialysis cir-
cuit, and microbial contamination of the dialysate. APL probably 
increase the risk of thrombosis of haemodialysis vascular access but 
this has yet to be conclusively demonstrated.

Antiphospholipid antibodies in renal 
transplantation
Renal transplantation is associated with significant morbidity and 
mortality in patients with APS, and should be undertaken with cau-
tion. The presence of aPL may damage the renal allograft but is also 
associated with post-transplant mortality and non-renal APS man-
ifestations. In one study (Ducloux et al., 1999) of non-SLE patients, 
28% of 178 transplant patients had aPL that were associated with a 
three- to fourfold increased risk of arterial and venous thrombosis. 
SLE patients with aPL have a particularly poor outcome following 
renal transplant from allograft loss or other vascular complications, 
with up to 60% risk for developing clinical events associated with 
APS (Stone et al., 1999). However, a study (Forman et al., 2004) of 
337 renal transplant recipients found the 18% who were IgG or IgM 
aCL-positive (even after correction for the effects of anticoagula-
tion) had no greater allograft loss or reduction in GFR over time 
than did patients who were aCL negative. Around 16% of patients 
develop de novo aPL after transplantation, possibly caused by infec-
tion or rejection. These patients have a greater thrombotic risk than 
those with pre-transplant aPL. Screening for aPL should be consid-
ered in any patient experiencing a thromboembolic event following 
renal transplantation. aPL-positive patients with pre-emptive trans-
plantation (no previous history of dialysis) are also at increased 
risk, suggesting that aPL that develops during dialysis may be less 
pathogenic. In addition, HCV-positive renal transplant patients 

with aCL appear to have a higher risk of thrombotic microangiopa-
thy in the allograft (Baid et al., 1999). Identifying high-risk patients 
through pre-transplant screening for pro-thrombotic risk, includ-
ing aPL, may reduce the transplant mortality and morbidity, and 
risk of allograft failure.

Thrombotic microangiopathy can recur in the allograft and has 
responded to the complement C5 inhibitor eculizumab, indicating 
a role for complement in the pathogenesis of this lesion (Hadaya 
et al., 2011).

Treatment
The optimal treatment of patients with aPL or the APS is a subject 
of controversy. Many patients with aPL do not experience throm-
botic events and do not require anticoagulation or other special 
therapy. However, non-SLE individuals with high titres of IgG 
aPL and no previous thrombosis may require long-term primary 
thromboprophylaxis with low-dose aspirin, especially in the pres-
ence of other thrombotic risk factors. Patients with SLE and posi-
tive LA or isolated persistent aCL at medium–high titres should 
receive primary thromboprophylaxis with hydroxychloroquine 
and low-dose aspirin. The current recommendations for treating 
APS, either primary or SLE related, include heparin followed by 
long-term warfarin as long as the abnormal antibody persists. In 
general, intermediate-intensity treatment with warfarin (interna-
tional normalized ratio (INR) 2.0–3.0) is sufficiently effective in 
most patients with a first episode of venous thrombosis who do not 
have a major risk of bleeding. In patients with arterial events or 
with recurrent thrombotic events, however, a higher high-intensity 
treatment (INR 3.0–4.0) or an additional antiplatelet agent may be 
required (Lim et al., 2006). Direct factor Xa inhibitors, such as rivar-
oxaban, have entered the clinic for warfarin-intolerant patients, but 
their efficacy in APS management is unclear.

Thrombotic microangiopathy in APS has been treated with 
plasma exchange along with anticoagulation. Other manifestations 
of APS, including vasculopathy, livedo reticularis, and proteinuria, 
insufficiently controlled by anticoagulation, have also been treated 
with corticosteroids with or without immune suppressives. Both 
plasma exchange and rituximab reduce aCL levels and have been 
reported to be effective but lack firm evidence

In pregnancy, prophylactic therapy with unfractionated heparin 
or low-molecular-weight heparin with or without aspirin is indi-
cated for APS, particularly in the presence of prior pregnancy loss 
(Petri and Qazi, 2006). Women with previous renal disease from 
APS and renal impairment are at high risk of complications dur-
ing pregnancy and in the puerperium. To improve the outcomes 
of pregnancies in such women, a closer obstetric surveillance and 
multidisciplinary clinics, including nephrologists, are essential.

Although high-dose corticosteroids may reduce the titre of aPL, 
the effect is frequently lost as the drug is tapered. Therefore corti-
costeroid treatment is not a reasonable long-term approach. The 
current treatment of CAPS has emerged from study of reports to 
the international CAPS registry (Cervera and Espinosa, 2012); 
besides identification and treatment of any precipitating factor, 
first-line therapies should always include the combination of anti-
coagulation and corticosteroids plus intravenous immunoglobu-
lin and/or plasma exchange. Although immunosuppression with 
cyclophosphamide or mycophenolate mofetil would be indicated 
in the context of an SLE flare, this worsens the prognosis of CAPS. 
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New therapeutic modalities such as rituximab, defibrotide, and 
eculizumab may have a role in the treatment of patients with CAPS 
in the future.

Conclusions
The renal manifestations of APS are heterogeneous and form a con-
tinuum between primary APS and SLE. APS manifestations should 
be considered and looked for in all SLE patients. Over 20% of lupus 
nephritis patients will have features of APS that need to be consid-
ered in planning management and can confer a worse prognosis. 
Certain manifestations of APS require specific treatment, such as 
plasma exchange for TMA, and anticoagulation for thromboembo-
lism. Data is scarce on the effects of or indications for immune sup-
pressive therapy in APS. A severe form of APS, CAPS, can involve 
the kidneys and carries a high mortality risk.
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CHAPTER 165

The patient with scleroderma: 
systemic sclerosis
Bernadette Lynch and Aine Burns

Introduction
Scleroderma in its systemic form (systemic sclerosis (SSc)) is a 
debilitating, chronic, (autoimmune) disease of unknown cause 
characterized by vasculopathy and progressive fibrosis most nota-
bly of the skin (Barnes and Mayes, 2012). The typical clinical fea-
tures of scleroderma are well described and illustrated in Fig. 165.1. 
The histological hallmark is excess collagen deposition around cap-
illaries in the skin. Other internal organs including lungs, heart, 
gastrointestinal tract, as well as kidneys may also be affected and 
these often determine prognosis. The disease is more common in 
women usually presenting between the ages of 30 and 60  years. 
Skin changes usually begin in the fingers (sclerodactyly) and may 
progress rapidly to involve arms, face, anterior chest wall, lower 
limbs, and abdomen. Extensive facial telangiectasia may occur and 
Raynaud’s phenomenon almost always accompanies the disease. 
Microstomia and xerostomia (as part of a more generalized sicca 
syndrome) are often present together with poor dentition and dys-
phagia resulting from both dry mouth and oesophageal dysmotil-
ity (Dedic et al., 2011). Lung involvement may be in the form of 
pulmonary fibrosis and/or pulmonary hypertension. Restrictive 
cardiomyopathy and right heart failure secondary to pulmonary 
hypertension are well recognized. Small pericardial effusions are 
frequently identified but larger compromising effusions have also 
been reported. In addition to the problems with oesophageal dys-
motility, gastrointestinal symptoms are common with abdomi-
nal discomfort, bloating, and constipation predominating. Poor 
dentition resulting from microstomia (which makes dental work 
difficult) and reduced saliva production is frequent. Small bowel 
bacterial overgrowth, large bowel diverticula (but uncommonly 
diverticulitis), and malabsorption complete the clinical spectrum.

Terminology and definitions
Scleroderma occurs in two predominant, clinically distinct, 
forms: limited cutaneous (lcSSc) and diffuse cutaneous (dcSSc) sys-
temic sclerosis. LcSSc is diagnosed when skin sclerosis occurs distal 
to the wrists (or ankles) or over the face and neck but not extending 
elsewhere. Such patients often suffer longstanding Raynaud’s phe-
nomenon. DcSSc is characterized by truncal as well as acral skin 
involvement. The typical puffy or hidebound skin changes usually 
occur within 1 year of onset of Raynaud’s phenomenon and pro-
gress steadily although the skin involvement may precede the onset 
of vascular symptoms. Tendon friction rubs are also characteristic 

of dcSSc. However, the terminology used to describe the extent and 
location of the skin changes can be confusing and is summarized 
in Table 165.1.

Although considered a skin condition, extensive vascular abnor-
malities, in addition to Raynaud’s phenomenon, are evident both 
in the skin and in other affected organs. Historically, both angi-
ography and histopathology of larger blood vessels (including 
intrarenal vessels) clearly demonstrate narrowing, tapering, and 
occlusion. Pathologically, similar vascular changes are recognized 
in the kidney and may be present without either hypertension or 
abnormal biochemistry (Leinwand et  al., 1954; Hannigan et  al., 
1956; D’Angelo et al., 1969; Cannon et al., 1974).

Renal involvement in scleroderma
For well over a century, renal involvement in scleroderma has 
been known to occur. In crisis form (referred to as scleroderma 
renal crisis (SRC)) it is one of the most dramatic and devastating 
complications of this disease (D’Angelo et al., 1969; Cannon et al., 
1974). The first case was described in 1863 (Kaiser, 2009) and later 
in 1892 Sir William Osler wrote:  ‘Patients with SSc are…. apt to 
succumb to pulmonary complaints or to nephritis’ (Cunningham 
et  al., 1980). However, Moore and Sheehan who also warned of 
the dire prognostic significance of its occurrence published the 
first detailed description of SRC (Moore and Sheehan, 1952). Up 
until the 1970s most patients suffering SRC died within 3 months 
to 1 year. Survival even in a tertiary referral centre was reported to 
be < 20% (Moore and Sheehan, 1952). By the mid 1970s, there were 
isolated reports of prolonged survival following bilateral nephrec-
tomies and initiation of chronic dialysis (Shapiro et al., 1977). In 
1983, Traub et  al. described their experiences of a group of 68 
patients with progressive systemic sclerosis admitted to hospitals of 
the University of Pittsburgh Health Center between 1955 and 1981 
with SRC as follows: 

The onset of SRC was characterized by four features, namely, onset 
or aggravation, usually abrupt, of arterial hypertension; appearance 
of Grade III or IV retinopathy; elevations of peripheral renin activity 
to at least twice the upper limit of normal; and rapid deterioration of 
renal function within a period of less than one month. Over 90% of 
our patients in whom these criteria could be determined had at least 
three of them present with the onset of SRC. Management of these 
patients during the first 15 years of this period was uniformly inef-
fective. Before 1971, no patients lived longer than a year; usual sur-
vival ranged from 1 to 3 months. With the advent of renal dialysis and 
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the more effective treatment of severe hypertension, along with the 
utilization of bilateral nephrectomy in selected anuric patients, some 
improvement in longevity was achieved (Traub et al., 1983, p. 335).

By the late 1970s, angiotensin-converting enzyme inhibitors (ACEIs) 
had become available and mortality fell dramatically from 85% 
at 1  year to 24% (Wasner et  al., 1978; Zawada et  al., 1981; Steen 
and Medsger, 2007). This transformed mortality represents one of 
the landmark advances in the management of SRC. However, the 

long-term survival after SRC remains poor, especially for the substan-
tial number of patients who require long-term dialysis, whose mor-
tality at 5 years remains between 30% and 60% (Steen and Medsger, 
2000; De Marco et al., 2002; Penn et al., 2007; Teixeira et al., 2007).

Aetiology and pathogenesis of scleroderma 
renal crisis
The sequence of events leading to a SRC is not fully understood. 
Clearly, patients with anti-RNA polymerase III—positive autoan-
tibody (ARA) profiles are over-represented. Steroids (Trang et al., 
2012) and ciclosporin (Denton et al., 1994; Radstake et al., 2011) are 
well recognized to precipitate crises. The detrimental effects of ster-
oids may reflect increased vascular sheer stresses consequent on 
their mineralocorticoid effects. Drugs like ciclosporin may cause 
direct vascular endothelial injury and narrowed lumens. Analgesics 
(non-steroidal anti-inflammatory drugs) perhaps via their anti-
prostaglandin effects as well as pain secondary to digital ischaemia 
and increased sensitivity to cold or temperature changes are all 
reported as relevant. Kovalchik et al. have demonstrated exagger-
ated production of renin by SSc patients subjected to remote cold 
stimuli when compared with control individuals (Kovalchik et al., 
1978). Human leucocyte antigen (HLA), angiotensin-converting 
enzyme, connective-tissue growth factor (CTGF), and endothelin 
receptor A genotypes have been linked to SSc and SRC but other 
genetic susceptibility and unrecognized factors may also prevail 
(Mayer et al., 2002; Fonseca et al., 2006, 2007; Joung et al., 2006; 
Williams et al., 2009; Radstake et al., 2010; Nguyen et al., 2011).

(A)

(C)

(B)

(D)

Fig. 165.1 Clinical features of scleroderma showing typical shiny, atrophic skin and Raynaud’s of hands (A) with dry ulcers at the tip of middle finger (B) and calcinosis 
(C) which is illustrated on plain radiograph of the hand at the thumb (D).

Table 165.1 Terminology

Term Definition

Scleroderma Tightness, thickening and non-pitting 
induration of skin

Sclerodactyly Skin changes in the hands and feet listed above 
distal to the MCP or MTP joints

Proximal scleroderma Changes listed above proximal to the MCP or 
MTP joints

Diffuse cutaneous 
scleroderma (dcSSc)

Truncal and acral skin involvement. Presence 
of tendon friction rubs. Onset of skin changes 
(puffy or hidebound) within 1 year of onset of 
Raynaud’s phenomenon – Skin involvement 
may precede onset of vascular symptoms

Limited cutaneous 
scleroderma (lcSSc)

Skin sclerosis distal to the wrists (or ankles), 
over the face and neck. Often longstanding 
Raynaud’s phenomenon
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The aetiology of SSc is unknown but much evidence supports 
an autoimmune basis for its development. In recent years, research 
on SSc has evolved to provide a better understanding of the inter-
dependence of the three major systems involved; namely, the vas-
cular system, the immune system, and the connective tissue. In the 
earliest stages of skin involvement a large influx of mononuclear 
cells (mostly activated T lymphocytes) infiltrates the skin and sur-
round blood vessels. Several mediators synthesized by immune 
cells, including cytokines such as transforming growth factor beta 
(TGF-β) and platelet-derived growth factor (PDGF), cooperate 
in inducing the activation of fibroblasts and their differentiation 
into myofibroblasts. It is believed that this immunological activ-
ity leads to the exaggerated production of collagen. Genetic and 
environmental factors are likely to be relevant but their exact role 
has yet to be determined (Shi-Wen et al., 2007; Hunzelmann and 
Brinckmann, 2010; Radstake et al., 2010; Barnes and Mayes, 2012). 
Hypoxia is increasingly recognized as a decisive factor in modu-
lating the inflammatory process in SSc, activating fibroblasts and 
changing their phenotype.

A number of autoantibodies that have been identified in sclero-
derma patients are directed against various specific cellular compo-
nents and correlate with distinct subsets of the disease (Sato et al., 
2001; Codullo et al., 2009; Nhtyanova et al., 2009; Radstake et al., 
2011; Barnes and Mayes, 2012). In general, they have a relative high 
specificity but their sensitivity is only moderate. Table 165.2 summa-
rizes the autoantibodies and their correlation with disease subsets.

ARA provide a strong marker of susceptibility to develop-
ing SRC. Thirty per cent of ARA-positive patients in a UK series 
developed SRC and approximately 60% of cases of SRC in the same 
cohort were ARA positive. The presence of ARA has also been 
associated with genetic markers using a candidate gene approach. 
Polymorphisms in the coding region of the endothelin receptor 
A  gene, in particular, are associated with the presence of ARA 
in patients with SSc (Fonseca et  al., 2006). There are also clear 

associations between HLA types and ARA as for other SSc specific 
autoantibodies (Nguyen et al., 2011).

Epidemiology of scleroderma renal crisis
SRC occurs in approximately 5–10% of all SSc cases (2% with lcSSc 
and 12% with dcSSc). It is more common early on in the progres-
sive phase of dcSSc with the majority of cases occurring within 
2 years of disease onset. Penn et al. reported a median duration of 
SSc at time of SRC of 7.5 months (range 0–200 months) with 66% 
of patients suffering SRC within 1 year of diagnosis of SSc (Penn 
et al., 2007). Rarely, it has been reported to occur in those without 
obvious or even occasionally preceding skin changes (Gore and 
Brown, 2006). However, SRC was the presenting feature of SSc for 
22% of patients in Penn’s series and this late diagnosis was asso-
ciated with a poorer outcome (Penn et al., 2007). It is unknown 
why only a minority of patients with SSc develop SRC. A second 
major or multiple, minor, triggers as well as genetic susceptibility 
are likely, in addition to the SSc. Unrecognized renal abnormali-
ties are common in both incident and prevalent patients includ-
ing renal vascular abnormalities, non-nephrotic range proteinuria 
(although nephrotic range proteinuria has been described (Nepal 
et  al., 2008)), subtle excretory impairment, and undiagnosed 
hypertension. Early angiographic images demonstrated these vas-
cular abnormalities both prior to and following the development 
of SRC. Some workers have described the renovascular changes 
coincident with SRC as a ‘Raynaud’s phenomenon’ occurring 
within the kidney.

Clinical features of scleroderma renal crisis
Clinically, SRC is characterized by the development of severe hyper-
tension (often described as accelerated or malignant) together with 
acute kidney injury (AKI). Evidence of microangiopathic haemo-
lytic anaemia, oliguria, cardiac failure, and tachyarrhythmias may 
also be present.

Although the reported incidence of SRC in SSc varies depending 
on whether limited disease is included or what definitions of SRC 
are used, the true figure is likely to be circa 5% of patients with 
dcSSc and 2% of those with lcSSc. Penn et al. using strict defini-
tions of both SRC (Table 165.3) and disease type reported a series of 
1997 UK patients presenting between 1990 and 2005 of whom 110 
developed SRC: of these 24 (22%) suffered from lcSSc (compared 
with database prevalence of 65%) while 86 (78%) suffered cdSSc 
(database 35%) (Penn et al., 2007).

Investigations
The presence of ARA and recent initiation or intensification of ster-
oid therapy (> 15 mg per day) together with rapidly progressing 
skin scores are recognized as risk factors, others are listed in Box 
165.1 (Teixeira et al., 2007; Denton et al., 2009; Nihtyanova et al., 
2012; Trang et al., 2012). Anaemia, thrombocytopenia, and new 
cardiac events may arise as early consequences of the SRC rather 
than representing true risk factors yet they serve as useful alerts to 
the possibility of SRC. The prevalence of ARA in patients whose 
disease is progressing to renal crisis is at least five times as high as 
the prevalence in patients who do not develop SRC. Conversely, 
anti-Scl-70 antibodies though present in 70% of SSc patients are 
under-represented in the SRC population occurring in only 30%. 

Table 165.2 Frequency and clinical associations of hallmark systemic 
sclerosis (SSc) associated auto-antibodies

Autoantibodies Frequency 
(%)

Subset 
Associations

Organ complication 
associations

Anti-centromere 16–40 lcSSc Protective for PF & 
SRC

Anti-topoisomerase I 9–39 dcSS > lcSS PF; SDV

Anti-RNA 
polymerase

4–25 dcSSc SRC

Anti-Th/To 0.2–7 lcSSc PF; PH

Anti-U3RNP 1–6 dcSSc > lcSSc; 
SSc overlap with 
PM/DM

PH

Anti-U11/U12 RNP 1.6–5 dcSSc = lcSSc PF, gastrointestinal 
involvement

Anti-PM-Scl 0–7 SSc overlap with 
PM/DM or RA

PF

dcSSc diffuse cutaneous systemic sclerosis; lcSSc limited cutaneous systemic sclerosis; PH 
pulmonary hypertension; PF pulmonary fibrosis; PM/DM polymyositis/dermatomyositis; 
SDV severe digital vasculopathy; SRC scleroderma renal crisis; RA Rheumatoid arthritis
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These findings have facilitated targeted vigilance and early antihy-
pertensive therapy in those most at risk.

A typical patient undergoing a SRC presents with new or wors-
ening (usually severe) hypertension or with its consequences such 
as headache, blurred vision (with grade 3–4 retinopathy), and 
hypertensive encephalopathy, including cortical blindness and sei-
zures. Progressive breathlessness and/or palpitations, occasionally 
chest pain with evidence of biochemical renal impairment, low 
urinary sodium, and high urine specific gravity may be evident or 
oligo-anuria if the AKI is advanced at the time of presentation.

The hypertensive crisis usually, although not exclusively, occurs 
in patients with known SSc during a phase of rapidly worsening 
skin disease. Extreme vasoconstriction of the peripheral circula-
tion with marked (marble-like) coldness of the extremities has been 
observed. Box 165.2 outlines the prior treatments of the patients 
undergoing SRC in Penn et al.’s cohort of British SRC patients. In 
the most severely affected individuals, systemic vascular resist-
ances (SVRs) of up to five times normal (> 4000 dyn·s/cm5 nor-
mal in health = 1000) have been measured. The left ventricle (LV) 
struggles to maintain stroke volume in the face of such elevated 
peripheral resistance. Consequently, impressive tachycardias and 
tachyarrhythmias develop as physiological responses to maintain 
cardiac output that may also be impaired by underlying restrictive 
cardiomyopathy and myocardial ischaemia secondary to cardiac 

vasculopathy. Pulmonary arterial wedge pressures rise and pulmo-
nary oedema may ensue as the LV fails to cope. Thirty-three per cent 
of Penn’s 45 patients with SRC where echocardiography was avail-
able shortly after presentation with SRC had ejection fractions < 
55%. Electrocardiographs (ECGs) recorded during a SRC would be 
expected to confirm tachycardia and to demonstrate left ventricular 
strain. Features of right heart strain occur as a late sign or if pulmo-
nary hypertension may also be present. Proteinuria and haematu-
ria (implying severe cortical ischaemia) may be present on dipstick 
urine analysis. Some patients undergoing a renal crisis have concur-
rent, overt, evidence of the underlying profound vasculopathy with 
painful digital gangrene often involving multiple fingers developing 
in the very early stages of the SRC (Fig. 165.2). Indeed, Smith et al. 
have recently suggested that worsening capillaroscopy findings may 
predict future severe organ involvement (Smith et al., 2012).

Clinically, SRC should be suspected when AKI develops in SSc 
patients. Nevertheless, AKI occurring in SSc patients is not always 
due to SRC. Renal artery stenosis, hypovolemia, crescentic glo-
merulonephritis (GN), and other renal diseases may also occur in 
SSc patients (Endo et al., 1994; Morris et al., 1994). These disor-
ders may result in a similar clinical picture. In SSc patients, most 
of the encountered crescentic GN are antineutrophil cytoplasmic 
antibody (ANCA) associated. These are pauci-immune on immu-
nofluorescence studies, associated with anti-myeloperoxidase anti-
bodies, and usually triggered by penicillamine. A small proportion 
of patients also suffer from SLE overlap and a variety of glomerular 
pathologies have been found in them.

The cardinal feature of SRC is sustained hypertension. Mean 
blood pressure (BP) readings at presentation with SRC were 
193/114  mmHg in the cohort of 72 patients described by Penn 
et al. (2004). Evidence of AKI with rising levels of urea and creati-
nine, hyperkalaemia, and acidosis may be present. Penn published 
median creatinine levels of 200 mmol/L at presentation amongst 76 
patients with full data. In the same series, evidence of intravascu-
lar haemolysis or microangiopathic haemolytic anaemia (MAHA) 
was found in about half (reduced platelet counts 50%, red cell frag-
ments 52%). Reduced serum haptoglobin levels, red cell fragments 
and schistocytes on blood film together with massively elevated lac-
tate dehydrogenase levels and importantly normal clotting provide 
further evidence of MAHA.

Chest radiograph may reveal evidence of pulmonary oedema 
or background pulmonary fibrosis. An enlarged cardiac silhou-
ette might result from a pericardial effusion. Echocardiography 
is useful to exclude clinically significant effusions, assess pulmo-
nary pressures, and to measure ejection fractions and identify any 

Table 165.3 Renal Crisis Classification

Definition of SRC
u New onset of blood pressure >150/85mm Hg obtained at least twice over 

a 24-hour period
u Documented decrease in the renal function as defined by a decrement of 

> 30% in the calculated glomerular filtration rate (eGFR)

Corroborative features:
u Micro-angiopathic haemolytic anaemia
u Hypertensive retinopathy
u New-onset of urinary RBCs (other causes having been excluded)
u Flash pulmonary oedema
u Oligouria or anuria
u Typical renal biopsy features (Figure 4)

Box 165.1 Risk factors for developing SRC

u Diffuse skin disease
u Rapidly progressive skin disease (< 4 years since scleroderma 

onset)
u High skin score
u Large joint contractures
u New cardiac events
u Steroid usage (exceeding 15 mg per day)
u Ciclosporin treatment
u Presence of anti-RNA-polymerase III auto-antibodies (ARA)
u Anaemia and thrombocytopenia
u Endothelin receptor A  and angiotensin-converting enzyme 

(ACE) gene polymorphism.

Box 165.2 Prior treatment in a cohort of SRC patients (Penn 
et al., 2007)

64 patients had full medication history available prior to SRC:
u  59% treated with steroids within 1 month prior to SRC
u  39% taking disease-modifying drugs at time of SRC (5 

anti-thymocyte globulin, 4 ciclosporin, 4 azathioprine, 3 
interferon-α, 2 D-penicillamine, 2 cyclophosphamide, 2 meth-
otrexate, 1 anti-transforming factor-β antibody, 1 mycopheno-
late mofetil, 1 danazole)

u  18/68 were prescribed ACEI at time of crisis
u  2/68 were prescribed ARB at time of crisis.
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coexisting valvular abnormalities. Most patients presenting with 
SRC have non-significant pericardial effusions although haemody-
namically significant effusions can occasionally cloud the picture.

Troponin and pro-brain natriuretic peptide may be useful indica-
tors of myocardial ischaemia and failure respectively but the latter 
is certainly useful where there is coexisting pulmonary hyperten-
sion (Black and Coghlan, 2006).

In new SSc patients, cold pressor testing, performed by immers-
ing a patient’s hands in cold water, demonstrates increased and 
prolonged sensitivity with thermal maps indicating very cold 
peripheries and slow warming compared with controls. Nail-fold 
capillaries become sparse elongated and tortuous in SSc patients 
(Fig. 165.3). These latter tests can be helpful in those patients who 

do not have a known or obvious diagnosis of SSc at presentation or 
in whom the skin changes are minimal or absent.

Histology of the kidney
The renal pathological findings in SRC are indistinguishable from 
any other cause of accelerated hypertension (Batal et  al., 2009). 
Renal biopsies are considered to be helpful (to exclude other 
pathologies and assess prognosis) but the timing of renal biopsy 
clearly needs to be delayed until the patient’s BP is well controlled, 
the clinical condition of the patient is stable, and platelet counts 
have recovered. Vessels show profound intimal proliferation that 
may occlude the vessel lumen completely and fibrinoid necrosis 

(A) (B)

Fig. 165.2 Gangrenous thumb (A) and index and ring finger with telangiectasia of the palm and thumb (B).

(A) Normal (B) Early

(C) Active (D) Late

Fig. 165.3 Nail-fold capillaroscopy.

(A) Normal. (B) Early changes with dilated vessels and minimal drop-out. (C) More active pattern with dilation of vessels. (D) Later pattern with architectural 
derangement with drop-out.
Images courtesy of Kevin Howell, Department of Rheumatology, Royal Free Hampstead, London, UK.
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may be present in vessel walls. Glomeruli become collapsed with 
wrinkling of basement membrane (Fig. 165.4). The prognostic 
value of measurements of renal scarring does not follow the pat-
terns seen in other renal diseases (Penn et al., 2007).

Treatment and outcome
Acute management of SRC involves general supportive care with 
thoughtful BP control. Prompt BP control is essential if hyper-
tensive encephalopathy or cardiac de-compensation dictate it. 
Otherwise, moderate, steady reduction in BP (10% reduction in 
systolic BP per day) is likely to optimize chances of renal recovery. 
The use of an ACEI or angiotensin-II receptor blocker (ARB) in the 
early stages is now standard and there is evidence that continua-
tion of these agents even if the patient becomes dialysis dependent 
improves the chances of recovering sufficient renal function and 
becoming dialysis independent (Zawada et  al., 1981; Steen and 
Medsger, 2007). Intravenous vasodilators especially prostaglandin 
inhibitors are effective in the short term and the latter may have 
the added advantage of discouraging platelet/vascular endothelial 
activation and are beneficial for digital ischaemia and pulmonary 
disease (Medsger et al., 2001; Rubin et al., 2002; Korn et al., 2004; 
Dhaun et al., 2009). Intravenous prostaglandin inhibitors, in partic-
ular, can be titrated effectively in very sick patients to reduce SVR 

and increase stroke volume with consequent slowing of heart rate 
and improvement of cardiac index and cardiac failure. This type 
of goal-directed management can be facilitated using oesophageal 
Doppler or Swann–Ganz monitors in an intensive therapy unit or 
high-dependency setting. In severely tachycardia patients, beta 
blockers may be contraindicated and should be used with extreme 
caution as the increased heart rate maintains cardiac output in the 
setting of such high SVR and reduced stroke volume.

The short-term outcomes of SRC have improved greatly over 
the last half-century (Steen and Medsger, 2000, 2007; Black and 
Medsger, 2004; Penn et al., 2007; Denton et al., 2009; Dhaul et al., 
2009). Increased awareness of this complication with regular 
BP measurements especially in susceptible groups allows earlier 
diagnosis with improved outcomes. There is still uncertainty as 
to whether pre-emptive ACEI is beneficial (Hudson et al., 2010). 
Recent series report crisis survival rates of 70–80% although overall 
in Penn et al.’s series 63% of patients required dialysis at presenta-
tion and 33% of survivors were still on dialysis at 5 years. However, 
23% of the total recovered sufficient renal function to be able to 
discontinue dialysis although the median time to becoming dialy-
sis independent was 11 months (range 1–34 months). Annual esti-
mated glomerular filtration rate (eGFR) of those not dialysed or 
who were able to discontinue dialysis generally showed ongoing 
improvement for at least 3 years. Survival whether on dialysis or 

(A)

(C)

(B)

Fig. 165.4 Histological appearances of a typical renal biopsy taken following a SRC. Severe acute small vessel vasculopathy. (A and B) Show shrunken collapsed glomeruli 
with wrinkling of basement membranes particularly (B) (silver stain). Interlobular arteries show virtual occlusion by loose concentric intimal thickening (onion skinning). 
(C) Figure is a longitudinal section through a very abnormal, almost completely occluded vessel (haematoxylin and eosin stain).
Images courtesy of Professor A. J. Howie, Department of Histopathology, Royal Free Hampstead, London, UK.
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not is poor in this patient group with men and those remaining on 
dialysis faring worst (Table 165.4). Interestingly, many authors have 
reported spontaneous improvement in skin scores following a SRC 
(Korn et al., 2004; Rubin et al., 2007; Shand et al., 2007).

For dialysis dependent patients, renal transplantation is an 
option but careful consideration needs to be given to the timing of 
transplantation as renal recovery can occur up to 2 years following 
a SRC. Similarly, a suitable immunosuppressive agent needs to be 
selected bearing in mind that ciclosporin is known to precipitate 
SRC. Furthermore, coexisting cardiac and pulmonary disease may 
dictate suitability for listing (Pham et al., 2005). Although in general 
renal transplantation offers superior survival in SRC patients, graft 
survival is reduced compared to the general renal transplant popu-
lation and recurrence of scleroderma may play a role in this poor 
post-renal transplant outcome. In one series, two of 10 patients 
had histologic features suspicious for SRC recurrence (Batal et al., 
2007). Both early and late recurrence has been reported (Chung 
et al., 2005; Pham et al., 2005).

Otherwise therapy for SSc is organ and pathogenesis targeted. 
In a review, using MEDLINE and the Cochrane Registry, of open 
trials and controlled trials only, for treatment of SSc from 1999 to 
April 2005, Zandman-Goddard et al. identified methotrexate, ciclo-
sporin, tacrolimus, relaxin, low-dose penicillamine, and intravenous 

immunoglobulin (IVIg) as beneficial in improving the skin tight-
ness in SSc (Zandman-Goddard et  al., 2005). Calcium channel 
blockers, the angiotensin II receptor type 1 antagonist losartan, 
prazocin, the prostacyclin analogue iloprost, N-acetylcysteine, and 
the dual endothelin-receptor antagonist bosentan were concluded 
to be potentially beneficial for Raynaud’s phenomenon whilst they 
noted epoprostenol and bosentan are approved for therapy of pul-
monary arterial hypertension. Cyclophosphamide pulse therapy 
was found to be effective in suppressing active alveolitis. They con-
cluded that stem cell and lung transplantation were viable options 
for carefully selected patients. They reaffirmed that SRC should be 
effectively managed by aggressively controlling hypertension with 
ACEIs and that patients should continue taking ACEIs even after 
beginning renal replacement therapy in hope of discontinuing dialy-
sis. Antithymocyte globulin and mycophenolate mofetil appeared 
safe in SSc (Zandman-Goddard et al., 2005). Clearly, more prospec-
tive trials are needed to help clarify optimal therapy for SSc and its 
complications.

Conclusion
Despite recent improvements in overall survival in SSc and advances 
in organ-based therapies, SRC remains an important complication 
of the disease. An estimated 10–15% of dcSSc patients may develop 
SRC. Patients with SRC may recover renal function up to 3 years 
after the crisis, most often within 12–18 months. Early, aggressive 
therapy with ACEIs and other antihypertensive agents is essential 
to reduce the morbidity and mortality.
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CHAPTER 166

The patient with rheumatoid 
arthritis, mixed connective 
tissue disease, Sjögren 
syndrome, or polymyositis
Lesley-Anne Bissell, Dwomoa Adu, and Paul Emery

Rheumatoid arthritis

Prevalence and patterns of disease
Renal dysfunction is relatively common in patients with rheuma-
toid arthritis (RA). It is estimated that 13–18% have a glomerular 
filtration rate (GFR) of ≤ 60 mL/min (Daoussis et al., 2009; Anders 
and Vielhauer, 2011), 5–35% haematuria, and 3–7% proteinuria 
(Karstila et al., 2007).

There have been substantial changes in the pattern and frequency 
of kidney disease in RA. In the 1950s to 1980s, renal failure was 
an important contributor to the cause of death in 4–27% of cases 
(Mutru et al., 1976) in patients with RA. Renal amyloid was found 
in 1.5–9% of cases (Cobb et al., 1953; Rasker and Cosh, 1981; Prior 
et al., 1984; Laakso et al., 1986). More recent studies however show 
a significant reduction in the proportion of deaths in RA that are 
attributable to renal failure (Wolfe et al., 1994; Kroot et al., 2000). 
Sokka et al. (2008) reviewed 84 published cohorts and found that 
renal disease contributed to 5.8% of deaths. With more aggressive 
treatment of RA with disease-modifying drugs, there does seem to 
be a lessening of the incidence and severity of renal disease.

Autopsy studies in the 1940s showed a proliferative glomerulo-
nephritis in between 13% (Fingerman and Andrus, 1943) and 63% 
(Baggenstoss and Rosenberg, 1943) of cases. However, infection in 
these patients may have caused the glomerulonephritis. Subsequently, 
autopsy studies have differed in the pattern of renal disease seen 
(Table 166.1). This may be due to selection bias and referral patterns. 
Thus some studies have shown a high incidence of glomerulonephri-
tis and renal vasculitis (Ramirez et al., 1981; Boers et al., 1987) with 
little in the way of renal papillary necrosis. In contrast, in the study 
of Nanra (1975), 30% of patients had a renal papillary necrosis, and 
no mention was made of either glomerulonephritis or amyloidosis. 
Varying treatment regimens may account for these differences.

Renal biopsies
Although initial renal biopsy studies in patients with RA and mini-
mal urinary abnormalities showed an almost complete absence of 
glomerulonephritis, later studies investigated those with significant 

renal disease and provided good evidence of glomerulonephritis 
(Table 166.2). No study has compared the prevalence of glomerulo-
nephritis in patients with RA with that in healthy controls. Ideally 
such a study should be done to establish beyond all argument that 
glomerulonephritis may develop as a consequence of RA. This is 
important for two reasons:  first, the development of proteinuria 
and renal impairment in a patient with RA never indicates inevita-
ble renal amyloid (nowadays rarely does), with its inexorable pro-
gression to renal failure, and second, because some types of renal 
disease, such as vasculitis, are amenable to treatment with steroids 
and cyclophosphamide (see below).

Amyloidosis
There are two aspects of relevance to rheumatic diseases:  where 
primary amyloidosis mimics arthritis, and secondary amyloidosis 
occurring in patients with RA. (See Chapter 152.)

Rheumatic symptoms in amyloidosis
Rheumatic symptoms occur in the following contexts:

1. Haemodialysis arthropathy, in which an increased plasma 
β2-microglobulin concentration results in deposition of fibrils, 
producing the characteristic clinical picture of an entrapment 
neuropathy (especially carpal tunnel syndrome), bone cysts, 
and destructive arthropathy with a predilection for the shoulder 
and wrist.

2. Amyloidosis that involves articular structures and mimics other 
rheumatic complaints.

In amyloidosis associated with a monoclonal gammopathy, joint 
symptoms occur frequently. Here a clinical picture of symmetri-
cal small-joint involvement with subcutaneous nodules can lead 
to the erroneous diagnosis of RA. Neuropathy (10%) and carpal 
tunnel syndrome (20%) also occur. Purpura is common and when 
accompanied by factor X deficiency (due to the increased affinity 
of amyloid light chain (AL) for factor X), severe haemorrhage may 
occur. Helpful distinguishing features are that in myeloma stiffness 
is short-lived, the joints are rarely very tender, erosions are uncom-
mon, and there is often excessive soft tissue swelling for the degree 
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of inflammation. Also, despite the presence of nodules, the serum 
does not contain immunoglobulin (Ig)-M rheumatoid factor.

Secondary amyloidosis
An in-depth discussion of secondary amyloidosis is given in 
Chapter  152. Fortunately, there is evidence for a decline in the 

prevalence of amyloid in Western Europe. Immonen et al. (2011) 
showed the incidence of rheumatic disease-associated amyloidosis 
registered onto the Finnish Registry for Kidney Diseases from 2002 
onwards was half of that found in the 1990s. The reason for this is 
likely to be greater awareness of the harmful effect of inflamma-
tion and the acute-phase response, and more aggressive treatment 
to suppress this.

Glomerulonephritis in RA
Proliferative glomerulonephritis
A proliferative glomerulonephritis is rare in RA. In the autopsy 
study of Boers et al. (1987), 5 out of 132 cases had a proliferative 
glomerulonephritis (diffuse in one and focal in four). However, 
recent biopsy studies in patients with RA have reported little in the 
way of proliferative glomerulonephritis.

Mesangial proliferative glomerulonephritis
Recently, several studies in patients with RA and microscopic hae-
maturia have reported a mild mesangial proliferative glomerulo-
nephritis, mostly without immune deposits. Sellars et  al. (1983) 
described a mesangial proliferative glomerulonephritis in 13 of 30 
patients. The biopsies of nine were examined by immunofluores-
cent microscopy, and showed mesangial IgA deposits in two. Helin 
et al. (1986) reported mild mesangial glomerulonephritis in 11 of 

Table 166.1 Autopsy studies in rheumatoid arthritis

Study Country No. of patients Amyloid (%) Renal failure (%)

Missen and 
Taylor, 1956

UK 47 17

Mutru et al., 
1976;

Finland 41 17 27

Ramirez et al., 
1981

USA 76 8 9

Boers et al., 
1987;

Holland 132 11 23

Suzuki et al., 
1994

Japan 81 21 9.9

Koivuniemi 
et al., 2009

Finland 513 4

Table 166.2 Renal biopsy studies in rheumatoid arthritis

Study No. of 
patients

Clinical status Normal Mesangial proliferative 
glomerulonephritis

Membranous 
glomerulonephritis

Amyloid Tubulointerstitial 
nephritis

Other

Pollak et al., 1962 41 Normal, proteinuria 21 0 0 4 0 16

Brun et al., 1965 32 Normal, proteinuria, 
renal impairment

11 0 1 4 9 7

Salomon et al., 
1974

18 Normal, proteinuria, 
microscopic haematuria

11 7 0 0 0 0

Orjavik et al., 
1981

14 Proteinuria, nephrotic 
syndrome

0 5 0 7 0 2

Sellars et al., 
1983

30 Proteinuria, 
microscopic 
haematuria, nephrotic 
syndrome

0 13 9 1 4 3

Hordon et al., 
1984

21 Microscopic 
haematuria

1 15 1 0 1 3

Helin et al., 1986 39 Proteinuria, nephrotic 
syndrome, renal 
impairment

3 11 9 16 0 0

Korpela et al. 
1990

74 Not given 7 23 13 20 3 8

Adu et al., 1993 90 Proteinuria, nephrotic 
syndrome, renal 
impairment

0 10 18 13 14 35

Nakano et al., 
1998

158 Proteinuria, nephrotic 
syndrome haematuria, 
renal impairment

20 54 49 30

Galesic et al., 
2009

15 Signs of nephropathy 15 3 1 5 0 8
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19 patients with RA and haematuria or proteinuria; 3 of the 11 had 
glomerular mesangial IgA deposits and a further seven had depos-
its of IgM, IgG, and C3. Details of these and other studies (Salomon 
et al., 1974; Orjavik et al., 1981; Hordon et al., 1984) are summa-
rized in Table 166.3. The majority of these patients were taking, or 
had recently been taking, gold or D-penicillamine, suggesting that 
their mild mesangial proliferative glomerulonephritis was drug 
related.

Mesangial IgA glomerulonephritis
(IgA nephropathy is described in Chapter  65). In the studies of 
Helin et al. (1986), Korpela et al. (1990), and Sellars et al. (1983), 
several patients were described with a mesangial proliferative glo-
merulonephritis with mesangial IgA deposits. In most patients, 
mesangial IgA nephropathy is idiopathic, but it has also been 
reported in patients with cirrhosis of the liver, dermatitis herpeti-
formis, mycosis fungoides, arthritis after Yersinia infection, and 
seronegative spondyloarthritis. We reported four patients with RA, 
microscopic haematuria, and proteinuria in whom renal biopsy 
showed a mesangial IgA glomerulonephritis (Beaman et al., 1987). 
Three of these patients had never received gold or D-penicillamine, 
and in the one patient who had received gold this had been dis-
continued at least 10 years before presentation. These data provide 
circumstantial evidence of an association between RA and mesan-
gial IgA nephropathy, although the pathogenetic mechanisms are 
unclear. It may be relevant that raised serum levels of IgA, and also 
of IgA rheumatoid factors, are found in some patients with RA. 

There are no long-term studies of renal function in patients with 
RA and mesangial IgA glomerulonephritis.

Membranous nephropathy
The most common cause of membranous nephropathy (see 
Chapter 60) in patients with RA is gold or D-penicillamine therapy, 
although this is now uncommon as these agents are only rarely 
used. However, there are now many reports of such patients who 
had never been on gold or D-penicillamine, and the numbers 
make it unlikely that this association is coincidental. Honkanen 
et al. (1987) reported on four patients with RA and membranous 
nephropathy. Only one of their four patients had received gold and 
that was 16 years before the renal biopsy. Adu et al. (1993) reported 
six patients with RA and a membranous nephropathy, none of 
whom had been treated with D-penicillamine, although two had 
received gold that was discontinued 17 and 13 years before renal 
biopsy. There was no evidence of systemic lupus erythematosus 
(SLE) in the patients in one study (Adu et al., 1993) or in those 
reviewed by Honkanen et al. (1987), which can cause membranous 
nephropathy.

Necrotizing and/or crescentic glomerulonephritis
This is usually seen in the context of rheumatoid vasculitis and 
can be associated with the production of antineutrophil cytoplas-
mic antibodies (ANCAs), some directed against myeloperoxidase. 
Crescentic nephritis is described in Chapter 70 and systemic vascu-
litis in Chapters 157–160.

Table 166.3 Commonly used DMARDs and their renal complications

DMARD Metabolism Side effect profile Renal toxicity Recommendations

Methotrexate 7-hydroxy-methotrexate 
renally excreted

Hepatoxicity, bone marrow 
suppression

Rare: pneumonitis

Accumulates in renal failure Monitor GFR especially when 
on NSAIDs concurrently

Reduce dose in renal failure

Avoid if GFR < 30mL/min

Sulphasalazine Metabolized in colon to 
5-aminosalicylic acid and 
sulphapyridine

Gastrointestinal upset, leucopenia, 
hepatotoxicity, and orange 
discoloration of urine

Rare

Reports of proteinuria (Helliwell, 
1995) and renal failure with chronic 
interstitial nephritis (Dwarakanath et al., 
1992)

Monitor GFR

Hydroxychloroquine Hepatic metabolism, 
renally excreted

Rare

Macular toxicity in cumulative 
doses

None known None

Leflunomide Renally excreted Hypertension, reduction of 
serum phosphate and urate levels 
(Perez-Ruiz and Nolla, 2003)

Lack of clinical experience Not recommended in renal 
impairment

Azathioprine Metabolites renally 
excreted

Hepatoxicity, bone marrow 
suppression. Increased 
toxicity seen in the minority 
who have reduced TPMT 
(thiopurine methyltransferase) 
levels secondary to a genetic 
polymorphism.

Rare

Reports of interstitial nephritis and 
renal failure mimicking Goodpasture 
syndrome (Meys et al., 1992; Stetter 
et al., 1994)

Reduce dose in severe renal 
impairment

Cyclophosphamide Renally excreted Bone marrow suppression Haemorrhagic cystitis; mesna with 
adequate hydration can reduce risk

Risk of bladder cancer increases with 
cumulative dosing

Reduce dose in renal failure.

Monitor patients with 
non-glomerular haematuria 
(Talar-Williams et al., 1996)
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Tubulointerstitial nephritis in association 
with arthritis
Renal biopsy studies in patients with RA and juvenile chronic arthri-
tis have reported that up to 28% of patients with renal abnormali-
ties have tubulointerstitial nephritis (TIN) (Brun et al., 1965) (see 
Chapters 83 and 93). This is often attributed to the renal toxicity of 
analgesic agents, including non-steroidal anti-inflammatory drugs 
(NSAIDs). It is, however, probable that the arthritic disorders may, 
in themselves, be associated with the development of TIN.

Juvenile idiopathic arthritis
Renal failure accounts for 38% of deaths in patients with juvenile 
idiopathic arthritis (JIA). The clinical spectrum of renal involve-
ment in JIA has been reviewed by Anttila (1972). Proteinuria is 
found in 3–12%, and microscopic haematuria in 3–8% of these 
patients. Nephrotic-range proteinuria is commonly due to renal 
amyloid, found in 1.2–6.7% of patients, whilst haematuria and pro-
teinuria may be due to amyloid or gold treatment.

In one study, 47 of 638 patients (7.4%) with JIA had renal dis-
ease (Anttila and Laaksonen, 1969). In a study of renal histology 
(57 renal biopsy, three autopsy) in a relatively unselected group 
of patients with JIA, renal amyloid was detected in two and an 
interstitial nephritis in eight patients (Anttila, 1972). There are 
unexplained geographical variations in the prevalence of amy-
loidosis in patients with JIA. In the United Kingdom this is 7.4% 
(Schnitzer and Ansell, 1977), in America 1.8%, and in Poland 
10.6% (Filipowicz-Sosnowska et al., 1978).

Renal amyloidosis with end-stage renal failure accounted for 
33–50% of deaths in JIA (Schnitzer and Ansell, 1977). Immonen 
et  al. (2008) found the 10-year survival of those with JIA and 
amyloidosis to be 75%. Ansell et al. demonstrated improved sur-
vival with chlorambucil using historical controls for such patients 
(Ansell et  al., 1971). Subsequent uncontrolled studies have con-
firmed this. In the study of David et  al. (1993), 80% of patients 
treated with chlorambucil were alive at 10 years as compared with 
25% of untreated patients. However, clearly there is a need for stud-
ies into more modern, safer, alternative therapies.

Antirheumatic drug-induced renal disease
Disease-modifying antirheumatic drugs (DMARDs) play a central 
role in the treatment of RA. Patients are treated aggressively to con-
trol pain, reduce inflammation, and prevent joint erosion and con-
sequent loss of function.

Gold and D-penicillamine nephropathy
Despite intense investigation, the mode of action of neither of these 
drugs is known. The incidence of toxicity is up to 70%, and with-
drawal of the drugs as a result of these adverse reactions occurs in 
around 64% of patients (Maetzel et al., 2000). With the introduction 
of newer agents, the use of these particular DMARDs is declining.

In general, gold and D-penicillamine produce very similar prob-
lems, and the following discussion applies to both drugs. The side 
effects can be due to a direct toxic effect of the drug, including ano-
rexia and rashes, or have an immunological basis occurring after 
3 months and maximally around 6 months, including renal toxicity, 
glomerulonephritis, and thrombocytopenia. Drug-induced autoim-
mune disorders such as SLE (D-penicillamine) occur less frequently 

(Emery and Panayi, 1989). Unlike gold, the prevalence of side effects 
increases with the dose of D-penicillamine (Williams et al., 1983).

Along with a poor sulphoxidation ability, human leucocyte anti-
gen (HLA)-DR3 is a significant risk factor for renal toxicity. The 
latter confers a relative risk of 14.0–32.0 for gold-induced nephrop-
athy and 3.2–10.0 for D-penicillamine-induced nephropathy 
(Klouda et al., 1979).

The most frequent presenting feature is proteinuria, occurring 
in approximately 10% of patients receiving gold and up to 30% of 
patients taking D-penicillamine. This progresses to the nephrotic 
syndrome in 30% and 16%, respectively. Haematuria is relatively 
rare (seen more frequently with D-penicillamine) and requires the 
exclusion of other causes. Renal function is not usually impaired.

Histopathology
Membranous glomerulonephritis
Eighty per cent of patients who present with D-penicillamine- or 
gold-induced proteinuria will have a membranous glomerulone-
phritis. Epimembranous ‘spikes’ and a mild increase in mesan-
gial cells are usually seen, and the diagnosis can be confirmed 
with immunofluorescence/immunoperoxidase microscopy, which 
shows granular subepithelial deposits of predominantly IgG. On 
electron microscopy, electron-dense deposits are seen.
Mesangial glomerulonephritis
Mesangial glomerulonephritis is found in patients with RA irre-
spective of therapy. The prevalence is probably increased after 
treatment with DMARDs, and for gold at least there is an increased 
association between this histological appearance and haematuria.

Immunofluorescence may reveal either granular deposits of 
immunoglobulin (predominantly IgG) and complement, or may 
be negative, particularly in the case of D-penicillamine-induced 
disease.
Minimal-change nephropathy
This can occur in association with the use of DMARDs (Lee et al., 
1965). Electron microscopy shows fusion of epithelial-cell foot 
processes.
Tubulointerstitial disease
This is found in up to 10% of patients in association with mild, 
low-molecular-weight proteinuria and enzymuria. The outlook is 
good, with rapid resolution on withdrawal of the drug
Crescentic glomerulonephritis
D-penicillamine may lead to the development of a rapidly progres-
sive glomerulonephritis (Almirall et al., 1993), the clinical picture 
of Goodpasture syndrome (Gibson et al., 1976), and also a renal 
vasculitis (Falck et al., 1979).

Management
Renal toxicity due to D-penicillamine and gold has a benign 
long-term outcome following withdrawal of the drug (Hall et al., 
1988). The management of renal toxicity occurring de novo on 
therapy is now determined by practical issues. These include the 
response of the patient, the amount of proteinuria, and the pres-
ence of any deterioration in renal function. In general, a declining 
albumin, proteinuria > 2 g/24 hours, or a reduced GFR are con-
sidered indications for stopping treatment. No specific immuno-
suppression is required, although supportive measures are given as 
indicated. Renal biopsy should be confined to those who have dete-
riorating renal function, or who fail to improve after withdrawal 
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of the drug. Regular monitoring of proteinuria and GFR are man-
datory. Haematuria, unless it resolves when the drug is stopped, 
requires investigation in the usual manner.

Long-term outcome
After cessation of the drug, proteinuria peaks at around a month 
then gradually disappears; the majority of patients will have clear 
urine by 1 year and almost all will achieve this by 2 years (Fig. 166.1) 
(Hall et al., 1988). If membranous nephropathy is present, the renal 
histology reverts towards normal although iterative renal biopsies 
are rarely needed. Re-challenge with the same drug at the same 
dose usually leads to a recurrence of the renal problem, although a 
lower dose may be tolerated.

Ciclosporin nephrotoxicity
The renal toxicity of ciclosporin in RA is well documented (Cohen 
and Appel, 1992); in these patients, ciclosporin should be started 
at a dose of 2.5 mg/kg per day and not exceeding 5 mg/kg per day, 
with a reduction of ciclosporin dosage if creatinine increases to 
130% of baseline (Cush, 1999). Indeed, so sensitive is the increase 
in creatinine in patients with RA that other measures of renal func-
tion are used only to confirm changes. This arises from an (initially 
reversible) afferent arteriolar vasoconstriction. Ciclosporin has 
been successfully combined with other agents, including metho-
trexate, the concern here being that the reduction in GFR affects 
renal excretion of methotrexate. The nephrotoxicity of ciclosporin 
is increased by NSAIDs (Berg et al., 1989) (see Chapter 362).

Ciclosporin can lead also to chronic, irreversible renal failure 
with interstitial fibrosis (see Chapter  87), which is more com-
mon with doses in excess of 5 mg/kg, in patients with pre-existing 
renal impairment, in elderly patients, and in patients treated for 
>  6  months. Renal function should be carefully monitored in 
patients on ciclosporin therapy.

Other DMARDs
A summary of the effects of commonly used DMARDs are shown 
in Table 166.3.

Biological therapy
Anti-tumour necrosis factor therapy
Adalimumab (human monoclonal antibody), infliximab (chimeric 
monoclonal antibody), and etanercept (fusion protein) are the 

three anti-tumour necrosis factor (TNF) drugs commonly used in 
rheumatic diseases. They rarely cause renal disease (Smolen and 
Emery, 2011). Cases of necrotizing crescentic glomerulonephri-
tis have been described but they are mostly associated with the 
production of ANCA (Fournier et al., 2009; Kaneko et al., 2010). 
There are no reports as yet of renal complications with the newer 
anti-TNF agents: golimumab (human monoclonal antibody) and 
certolizumab pegol (pegylated human monoclonal antibody).

Non-tumour necrosis factor biological therapy
No cases of renal toxicity have been reported with abatacept (T-cell 
co-stimulatory modulator) and tocilizumab (human monoclonal 
antibody against IL-6). Rituximab, a chimeric monoclonal antibody 
against CD20 found on B cells, has made a significant contribution 
to the management of RA. There is a slightly higher risk of infection 
and of an infusion reaction; more commonly with the first infusion 
(Buch et al., 2011), but there are no reports of renal toxicity.

Analgesic nephropathy
This is covered in Chapter 87.

Overlap syndromes
Some patients with a connective tissue disorder do not easily fit 
into the accepted definitions of a single disease, but present with 
features overlapping several connective tissue diseases. Although, 
initially seeming a heterogeneous group of diseases, the overlap 
syndromes can be subdivided clinically and serologically. The two 
most common overlap syndromes are described here.

Mixed connective tissue disease
Sharp et  al. (1972) reported on 25 patients in whom there was 
an overlap of the clinical features of SLE, systemic sclerosis, and 
polymyositis. Sera from all these patients contained antibodies 
to an RNAase-sensitive, extractable nuclear antigen subsequently 
shown to be ribonucleoprotein (RNP). They termed this disorder 
mixed connective tissue disease (MCTD). Subsequent studies have 
included patients with features at onset similar to RA and have 
emphasized the asynchronous development of overlapping clini-
cal features of different connective tissues in this syndrome (Wolfe 
et al., 1994). Most patients are female and present with Raynaud’s 
phenomenon and swollen hands. There may be features of SLE, sys-
temic sclerosis, or polymyositis.

Renal disease occurs in 10–26% of adult MCTD patients 
(Kitridou et al., 1986) and 27–44% patients with juvenile MCTD 
(Ito et al., 2006). The clinical presentation usually takes the form 
of asymptomatic proteinuria or haematuria, often with mild renal 
impairment. In the study of Kitridou et al. (1986), 75% of patients 
with renal disease developed a nephrotic syndrome, 42% hyperten-
sion, and 17% progressed to chronic renal failure.

Histological changes
Kitridou et al. (1986) reported on the renal histological changes 
in 12 patients with MCTD and reviewed previous reports in 64 
patients. Membranous nephropathy and mesangial proliferative 
glomerulonephritis were the most common histological cases, 
found in 34% and 30% of cases, respectively. A  focal or diffuse 
proliferative glomerulonephritis was found in 17%, a mixed lesion 
with membranous nephropathy in 5%, and in 7% renal histol-
ogy was normal. Seventeen per cent of patients had evidence of 
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SECTION 6 the patient with another primary diagnosis1408

vascular sclerosis, a feature also emphasized in the autopsy study of 
Sawai et al. (1994). Immunofluorescence microscopy of glomeruli 
in patients with MCTD has shown immunoglobulin and comple-
ment deposits; on electron microscopy, dense deposits are found 
consistent with an immune complex-mediated glomerulonephri-
tis (Kitridou et al., 1986). Similar glomerular findings have been 
reported in children, but in addition widespread intimal prolif-
eration was seen (Singsen et al., 1980). There are rare reports of 
myeloperoxidase-ANCA-associated microscopic polyangiitis with 
crescentic glomerulonephritis (Kitaura et al., 2006), and a collaps-
ing glomerulopathy (Rifkin et al., 2011).

Treatment
Treatment of renal failure in MCTD is with steroids initially in high 
doses, subsequently tapering to a maintenance low dose over weeks. 
In the study of Kitridou et al. (1986), treatment with high-dose ster-
oids of patients with a nephrotic syndrome was associated with a 
significant reduction of proteinuria in 62% of episodes. Whether 
patients resistant to steroids would benefit from the addition of 
immunosuppressant drugs is not known, but in practice they are 
added. Fourteen per cent of patients with MCTD and renal involve-
ment reviewed by Kitridou et al. (1986) developed chronic renal 
failure. The long-term overall mortality of MCTD has varied from 
7% over a mean follow up of 7 years (Sharp et al., 1972) to 20–30% 
over a period of 3–25 years after onset of disease (Nimelstein et al., 
1980; Burdt et al., 1999).

Jo-1 (tRNA synthetase) syndrome
Muscle specific antibodies were thought to be a specific finding of 
myositis but recent studies have led to the identification of separate 
disease entities (Hengstman et al., 2004). Jo-1 (tRNA synthetase) 
syndrome is characterized by myositis, interstitial lung disease, 
Raynaud’s phenomenon, arthralgia/arthritis, and ‘mechanic’s hands’. 
It is associated with anti-aminoacyl-tRNA synthetase (anti-ARS) 
antibodies; of which the anti-Jo-1 antibody is the most commonly 
detected. Mesangial proliferative glomerulonephritis can occur in 
tRNA synthetase syndrome but is rare (Frost et al., 1993).

Sjögren syndrome
Sjögren syndrome is a progressive autoimmune disease primarily 
of the exocrine glands, with a prevalence of 0.5% (Voulgarelis et al., 
2008). The disease is classified into primary Sjögren syndrome with 
the disease occurring independently, and secondary Sjögren syn-
drome in association with other autoimmune disorders such as RA 
or SLE. Anti-Ro (SS-A) and anti-La (SS-B) antibodies are strongly 
associated.

The disease is characterized by periepithelial lymphocytic 
infiltration of the exocrine glands, with associated lymphocytic 
invasion beyond the exocrine glands into epithelial tissues, and 
extra-epithelial immune complex deposition. Keratoconjunctivitis 
sicca and xerostomia are the hallmark symptoms. Extraglandular 
manifestations include fatigue, arthritis/arthralgia, Raynaud’s 
phenomenon, renal involvement presenting either as interstitial 
nephritis or glomerulonephritis as described below, and less com-
monly vasculitis affecting the small to medium-sized vessels. In 
addition, Kassan et al. (1978) found the relative risk of lymphoma 
was increased 43.8-fold for those with Sjögren syndrome, but sub-
sequent studies suggest a more modest figure with a lifetime risk of 
5–10% (Voulgarelis et al., 2008).

Treatment is usually symptomatic. Hydroxychloroquine, with or 
without low-dose prednisolone, is sometimes used for mild disease, 
and stronger immunosuppression, with azathioprine or cyclophos-
phamide, for example, in severe disease. Rituximab has been shown 
to be of benefit in reducing associated fatigue and oral dryness 
(Dass et al., 2008; Meijer et al., 2010) and larger studies (TRACTISS 
and TEARS) are undergoing.

Renal disease in Sjögren syndrome
Overt renal disease in Sjögren syndrome is less common than 
latent disease with a prevalence of 3–67% (Kaufman et al., 2008; 
Lin et  al., 2010). The most usual pathology is an interstitial 
nephritis with glomerular disease less frequently reported, the 
latter occurring as a late event. Kaufman et al. (2008) identified 
in the literature 180 case reports of renal involvement in Sjögren 
syndrome. They described seven case series and 57 individual 
case reports. Eighty-nine patients underwent a renal biopsy 
revealing interstitial nephritis in 49 cases, glomerulonephritis in 
33, and both in seven (Kaufman et al., 2008). Another case series 
examined 24 renal biopsies carried out over 40  years from a 
cohort of 7276 patients with Sjögren syndrome. Seventy-one per 
cent had signs of acute or chronic TIN as the primary lesion, with 
chronic TIN the most common presentation (65%). Two patients 
had cryoglobulinaemic glomerulonephritis and two had focal 
segmental glomerulosclerosis (Maripuri et al., 2009). Ren et al. 
(2008) described 130 patients in Shanghai with primary Sjögren 
syndrome and renal involvement. Ninety-one patients had evi-
dence of tubular disorders, and 10 with glomerulonephritis. Lin 
et al. (2010) published the clinical characteristics of 573 patients 
with primary Sjögren syndrome, and 33.5% were found to have 
renal involvement: 22% had proteinuria, 16.7% had renal tubu-
lar acidosis, 9.4% renal stones, and 7.2% had renal dysfunction. 
Sixty-four underwent a renal biopsy: 21 had interstitial nephritis, 
18 with interstitial nephritis and glomerular disease, and 23 with 
glomerular disease alone.

Interstitial nephritis
Clinical features
Lymphocytic infiltration of the renal tubules can lead to intersti-
tial nephritis. The disease can be subclinical, or can present as mild 
proteinuria or distal renal tubular acidosis with hyposthenuria, 
hypokalaemia. or hyperchloraemia. Petrovaara et al. (1999) dem-
onstrated 33% of 54 patients with primary Sjögren’s syndrome had 
an inadequate urine acidification capacity through an abnormal 
ammonium chloride loading test. Distal renal tubular acidosis is 
usually only discovered through biochemical abnormalities, but 
significant disease can lead to renal stone formation, nephrocalci-
nosis, renal impairment, and osteomalacia. Rarely, patients present 
with hypokalaemic paralysis and cardiac arrest (Kaufman et  al., 
2008). Proximal renal tubular acidosis is less common with or 
without Fanconi syndrome (Kaufman et al., 2008; Ren et al., 2008; 
Maripuri et al., 2009).
Histology
Renal biopsy in interstitial nephritis reveals diffuse or focal plasma 
cell and lymphocyte infiltration in a pattern akin to that found sur-
rounding the salivary gland in primary Sjögren syndrome, with 
CD4 T cells predominating (Matsumura et  al., 1995). There can 
be variable tubular atrophy and fibrosis, and immunofluorescence 
shows few immune deposits (Ren et al., 2008).
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Management
In most cases steroids, with or without hydroxychloroquine, have 
shown to improve outcome (Kaufman et al., 2008; Maripuri et al., 
2009). Few patients have received prednisolone and intravenous 
cyclophosphamide with variable outcome (Goules et  al., 2000; 
Maripuri et al., 2009). Rituximab has been used in the context of 
TIN to treat sicca symptoms after which renal function has been 
maintained (Maripuri et al., 2009).

Glomerulonephritis
The most common glomerular lesions seen are that of mem-
branoproliferative glomerulonephritis, membranous glomerulo-
nephritis, and mesangial proliferative glomerulonephritis. Of the 
41 cases of glomerular disease described by Lin et al. (2010), 21 
had mesangial proliferative glomerulonephritis, 10 membranous 
glomerulonephritis, four diffuse proliferative glomerulonephritis, 
and four focal proliferative glomerulonephritis. Goules et al. (2000) 
described nine patients out of their 471 patient cohort with primary 
Sjögren syndrome who developed glomerular disease; five patients 
had membranoproliferative glomerulonephritis and four mesan-
gial glomerulonephritis. There are rare reports of minimal change 
disease, focal segmental glomerulosclerosis, crescentic glomerulo-
nephritis, and IgA nephropathy (Dussol et al., 1994; Maripuri et al., 
2009; Chen et al., 2010; Yang et al., 2011).

The pathogenesis of the glomerular disease remains poorly 
understood but a key role is played by the deposition of immune 
complexes, formed by cryoprecipitable IgMκ rheumatoid factor 
along with polyclonal IgG and -A. Reflecting small vessel involve-
ment, palpable purpura, low C4, and monoclonal cryoglobulins are 
strong predictors of its development (Skopouli, 2001).

There is a lack of robust evidence in the treatment of glo-
merulonephritis in the context of primary Sjögren syndrome. 
Corticosteroids, with the optional addition of cyclophosphamide, 
have been shown to be beneficial, although there are case reports of 
the use of plasma exchange and Rituximab (Maripuri et al., 2009).

Interstitial cystitis
Interstitial cystitis or ‘chronic painful bladder syndrome’ is a rare 
complication of Sjögren syndrome. Patients present with bladder 
and/or pelvic pain with irritable voiding symptoms with an absence 
of organisms on urine culture. In severe cases, an obstructive urop-
athy can occur (Shibata et al., 2004). Bladder wall biopsy reveals 
intense inflammation in mucosa and submucosa with lymphoid 
and mast cells. Antibodies to the muscarinic M3 receptor found on 
detrusor smooth muscle cells play a role in its pathogenesis (van de 
Merwe, 2007). Treatment experience is limited but ciclosporin can 
be effective (Emmungil et al., 2012).

Polymyositis and dermatomyositis
Inflammatory disease of skeletal muscle may be idiopathic or sec-
ondary to a wide variety of disorders. Primary adult idiopathic poly-
myositis usually presents with insidious proximal muscle weakness 
and muscle pain, with some patients suffering a preceding febrile 
illness, Raynaud’s phenomenon, or arthralgia. Dermatomyositis 
also involves characteristic skin changes. In both, rarely does severe 
muscle weakness develop abruptly, associated with myoglobinuria 
and diagnosed by raised creatinine kinase.

Acute kidney injury has been reported infrequently in patients 
with polymyositis and dermatomyositis, and this has been 

attributed to rhabdomyolysis and myoglobinuria (Kim et al., 2005). 
The clinical evolution of the acute kidney injury is similar to other 
causes of non-traumatic rhabdomyolysis.

Glomerulonephritis
There are occasional reports of a mesangial proliferative glomer-
ulonephritis with mesangial deposits of immunoglobulin and 
complement in patients with polymyositis (Takizawa et al., 2007). 
Membranous glomerulonephritis has been associated with dermat-
omyositis (Takizawa et al., 2007). Crescentic glomerulonephritis is 
rarely reported (Chiu et al., 2008). Treatment with high-dose cor-
ticosteroids and azathioprine is of benefit in patients with polymy-
ositis and dermatomyositis. Case reports of the use of rituximab in 
refractory cases are encouraging (Mann et al., 2010).

Rheumatological complications of renal 
disease, dialysis, and transplant
Kidney failure and kidney transplantation are often complicated by 
a variety of rheumatological disorders.

Renal osteodystrophy
Patients with chronic kidney disease may develop bone diseases 
including secondary hyperparathyroidism, osteomalacia and 
β2-microglobulin amyloidosis. These are described in detail in 
Chapter 122.

Osteoporosis
Osteopenia is common after renal transplantation, with transplant 
recipients having a fracture rate four times higher than the gen-
eral population (Palmer et al., 2007). Contributory factors include 
hyperparathyroidism, pre-transplant bone disease, and the effects 
of corticosteroids and immunosuppression. Corticosteroids inhibit 
bone formation, promote bone resorption, promote calciuria, and 
inhibit intestinal calcium absorption. Ciclosporin and tacrolimus 
may also increase bone turnover and resorption and decrease 
gonadal steroid synthesis. Genetic factors may also be implicated, 
with vitamin D receptor polymorphisms playing a role in bone loss.

In the first year post transplant, bone density reduces by 6–15% 
(Epstein et  al., 1995; Arlen and Adachi, 1999), and subsequent 
years see a loss of 1–2% (Grotz et al., 1995). Prior to renal trans-
plantation, patients should be assessed with dual energy X-ray 
absorptiometry scanning prior to transplantation, and again at 
year 1 and 2. Glucocorticoid use should be minimized, and cal-
cium and vitamin D therapy as appropriate should be commenced. 
Bisphosphonates, given post transplant, may reduce bone loss but 
should be avoided in women of childbearing age because of the 
risk of fetal bone disease. The impact of new, much higher potency 
bisphosphonates is awaited, and calcitonin looks to be promising 
(Palmer et al., 2007).

Osteonecrosis
This is a well-recognized cause of bone pain after renal transplanta-
tion and is largely due to steroids. With the use of steroid-sparing 
regimens post renal transplant the incidence has fallen from 20% 
to 4%. The main symptoms are of severe joint pain. The best imag-
ing technique for diagnosis is magnetic resonance imaging (MRI). 
Management is mainly symptomatic (rest, analgesics). Surgical 
intervention (arthroplasty, core decompression) may need to be 
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considered. Hemi-surface replacement of the femoral head is a 
newer technique best considered before significant joint destruc-
tion and collapse occurs.

Acute bone pain syndrome and reflex sympathetic 
dystrophy
Acute bone pain syndrome or calcineurin inhibitor-induced pain 
syndrome (CIPS) affects between 19% and 27% of patients after a 
renal transplant. It can be difficult to differentiate this from reflex 
sympathetic dystrophy which may also occur after a renal transplant 
and which has been linked to treatment with calcineurin inhibitors. 
CIPS has been reported with both ciclosporin and tacrolimus. MRI 
shows bone marrow oedema in the affected areas. The presentation 
is of symmetrical lower limb pain in the first few months after renal 
transplantation. The best way of treating CPS is unknown. It seems 
reasonable to reduce the calcineurin inhibitor to the lower end of 
the therapeutic blood levels or consider a switch to other immu-
nosuppressants. However, both approaches may increase the risk 
of rejection. Some reports suggest that calcium channel inhibitors 
especially nifedipine and nitrendipine may reduce the bone pain 
(Grotz et al., 2001).

Acute hot joint
Septic arthritis should always be considered in the case of an acute 
hot joint. Infectious complications are common in transplant recip-
ients, and opportunistic organisms such as mycobacteria and fungi, 
as well as common pathogens, should be considered. Impaired host 
defences secondary to underlying renal disease or immunosuppres-
sion, and pre-existing joint damage are all contributors to the risk 
of septic arthritis post-transplant (Vincenti et al., 1982). A particu-
lar problem occurs in those patients requiring joint replacement 
post transplantation. Sepsis usually occurs in a single joint and 
most commonly within 18 months of transplant. Gram-negative 
joint infections have been associated with concurrent urinary tract 
infection. It is important to remember that crystal arthritis and 
infection may coexist and a thorough assessment of the synovial 
fluid is required to distinguish these conditions.

Acute benign joint effusions may occur in transplant recipients, 
in association with episodes of acute rejection. Chronic effusions 
are more difficult to treat and are often a consequence of mechani-
cal factors. Intra-articular corticosteroid injection of the acute 
rather than chronic joint effusion is more likely to produce benefit.

Gout
Renal impairment, thiazides, ciclosporin, and tacrolimus are risk 
factors for gout. Two to 13% of post-transplant patients are affected 
(National Kidney Foundation, 2003; Stamp et al., 2005). Attacks 
may be acute or chronic, affecting peripheral joints, most com-
monly the first metatarsophalangeal joint. Serum urate is not always 
raised in an acute attack. Aspiration typically reveals negatively 
birefringent crystals under polarized light. Management includes 
intra-articular or oral steroids, with optional colchicine. NSAIDs 
should be avoided in those with renal impairment. Dietary meas-
ures to reduce purine consumption and altering antihypertensives 
can help prevent future attacks. Urosuric agents will be less effective 
in these patients. Low-dose colchicine and allopurinol are optional 
but caution should be taken with their use with ciclosporin (risk of 
myotoxicity) and azathioprine (risk of myelosuppression) respec-
tively. Newer therapies are developing.

Calcium pyrophosphate deposition arthropathy/
pseudogout
Calcium pyrophosphate deposition (CPPD) can lead to acute syno-
vitis. This is less common in patients with renal disease than urate 
or basic calcium pyrophosphate deposition disease, and is rare in 
dialysis patients. There is an association with Bartter syndrome. The 
disease can present as acute or monoarticular or pauci-articular 
arthritis (known as pseudogout), or as a chronic arthritis resem-
bling degenerative joint disease (Ferrari, 1996).

The natural history of attacks is more variable than gout, and pro-
longed symptoms may occur partly due to the common association 
between CPPD disease and osteoarthritis. Predisposing factors/
associations include hyperparathyroidism, age, trauma, meniscec-
tomy, hypomagnesaemia, hypothyroidism, hypophosphataemia, 
and haemochromatosis.

The treatment of coexisting conditions may have a variable 
impact on the arthritis. It is important to remember that infec-
tion also can coexist with the presence of CPPD in the synovial 
fluid. The therapy of this condition is limited; oral colchicine may 
be effective as a prophylaxis, but is not commonly used in patients 
with renal failure. Local intra-articular corticosteroids are the most 
effective and commonly used treatment, and have been shown to 
shorten acute attacks when compared to treatment with NSAIDs 
alone (O’Duffy, 1976).

Hydroxyapatite-related arthropathy
Basic calcium phosphate crystals can deposit in articular and 
peri-articular sites causing acute inflammatory episodes such as 
rotator cuff tendonitis, or a more chronic destructive arthropathy, 
such as Milwaukee shoulder. Corticosteroids and colchicine can be 
used in the acute setting, although chronic disease is difficult to 
treat. Physical therapy may be effective.
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CHAPTER 167

The patient with sickle cell  
anaemia
Jean-Philippe Haymann and Francois Lionnet

Introduction and epidemiology
James Herrick’s first description of sickle cell disease in 1910 
included renal involvement: ‘The urine was amber in color, specific 
gravity 1.010 to 1.014, slightly increased in amount—2,000 c.c.—
acid, contained a distinct trace of serum-albumin, a few granular 
and hyaline casts. This represents the average of several examina-
tions.’ Indeed, a renal concentrating defect has been historically a 
matter of interest, together with renal papillary necrosis and renal 
failure. Renal failure is a recognized factor of mortality as assessed 
both by an autopsy study (Manci et al., 2003) and epidemiological 
surveys (Powars et al., 1991; Platt et al., 1994). The improvement in 
life expectancy from 14.3 years of age in 1973 up to 50 years in the 
1990s (Wierenga et al., 2001) has raised attention to renal failure 
in this population as end-stage renal disease (ESRD) develops in 
4.2–11.6% of adults with a median age of 37 years (Powars et al., 
1991, 1995).

Sickle cell anaemia (SCA) (also called homozygous sickle cell dis-
ease or HbSS disease) is one of the more frequent genetic diseases 
in the world, particularly in sub-Saharan African populations. The 
annual number of birth has been recently estimated to be 217,331 
for SCA, 54,736 for SC, and 11,074 for S-beta (β) thalassaemia 
(Weatherall, 2010). It is an autosomal recessive disorder due to a 
point mutation in the β-globin gene of haemoglobin (short arm of 
chromosome 11). This mutation is responsible for the synthesis of an 
abnormal haemoglobin protein called haemoglobin S (HbS) (made 
from a combination of two mutated β-globin chains with two alpha 
(α)-globin chains and haem), which polymerize in hypoxic condi-
tions (deoxyhaemoglobin), leading to a sickling shape of red cells, 
a loss of plasticity, and ultimately vaso-occlusion and haemolysis.

In sickle cell disease, of the two inherited haemoglobin β-globin 
gene alleles, at least one must be abnormal (HbS). Thus, sickle cell 
disease entails some genetic heterogeneity within haemoglobin 
genes: SCA, characterized by two mutated β-globin alleles (HbSS), 
is encountered with the highest prevalence; and HbSC disease and 
HbS/β-thalassemia with a quantitative mutation that results in the 
absence of the β-globin gene (and thus no detectable HbA pro-
teins), called HbS/β0-thalassemia) or in reduced level of β-globin 
(called HbS/β+-thalassemia)

Moreover, the sickle gene is multicentric with five identified 
main haplotypes (Rees et  al., 2010): Arab-India, Benin, Senegal, 
Cameroon, and Bantu, which account in part for the severity of the 
disease despite an identical point mutation in the β-globin gene of 
haemoglobin.

For a given individual, the severity of the disease may be differ-
ent during their lifetime with known and unknown genetic and 
environmental factors which may have a significant influence (such 
as α-thalassemia trait, hereditary persistence of fetal haemoglobin, 
cold weather, etc.). Thus, the broad range of clinical expression of 
this multisystem disease appears to clinicians as a random associa-
tion of different acute events (such as painful vaso-occlusive crisis, 
acute chest syndrome, anaemia, and susceptibility to infections) 
and chronic organ complications (such as cerebral vasculopathy, 
osteonecrosis, retinopathy, pulmonary arterial hypertension, leg 
ulcer, priapism, and nephropathy) (Rees et al., 2010).

Homozygous sickle cell anaemia and kidney
Sickle cell-associated nephropathy

Introduction
A significant improvement in life survival has shifted medical focus 
on long-term complications such as chronic kidney disease (CKD). 
Indeed, prevalence of renal failure was reported in up to 85% of 
Jamaican SCA patients aged > 60  years (Serjeant et  al., 2007), 
accounting for 43% of all causes of death (Serjeant et al., 2009). In 
young adult SCA patients, CKD was recently reported in 26% of 
cases, mainly stages 1 and 2 (Guasch et al., 2009). Although many 
issues about sickle cell-associated nephropathy (SCAN) remain 
unsolved, in particular, SCAN natural history, the focus on micro-
albuminuria and hyperfiltration which are considered as an early 
stage of SCAN have brought to light some interesting pathophysio-
logical processes that could also be potential relevant determinants 
for CKD progression in the general population.

Hyperfiltration
Prevalence
Glomerular hyperfiltration has been an early sign in SCA children 
and adults (Etteldorf et al., 1952; Etteldorf et al., 1955). However, 
these data were not a main clinical issue in the 1950s as SCA child 
mortality was overwhelming. Recently, the very low plasma creati-
nine values detected by enzymatic in place of Jaffe methods brought 
some confusion, as an increased tubular creatinine secretion was 
previously reported in SCA (Allon, 1990; Herrera et  al., 2002; 
Thompson et al., 2007). Nevertheless, an increased glomerular filtra-
tion rate (GFR) was assessed in several studies using GFR measure-
ment techniques such as creatinine clearance (Alvarez et al., 2006), 
inulin clearance (Hatch et al., 1970; Allon 1990; Guasch et al., 1997; 
Hererra et al., 2002), plasma 51Cr-ethylenediaminetetraacetic acid 
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(EDTA) clearance (Thompson et al., 2007), renal 51Cr-EDTA clear-
ance (Haymann et al., 2010), or plasma 99mTc-diethylenetriamine 
pentaacetate (DTPA) clearance (Ware et al., 2010), though in most 
cases hyperfiltration prevalence was not addressed precisely in a 
non-selected SCA population. Of note, the magnitude of hyper-
filtration was very high for some individuals with measured GFR 
(mGFR) values > 200 mL/min/1.73 m2 (Schmitt et al., 1998; Alvarez 
et al., 2006; Thompson et al., 2007; Ware et al., 2010). The high inci-
dence of hyperfiltration in young adults was assessed recently using 
a 140 mL/min/1.73 m2 cut off value (Modification of Diet in Renal 
Disease (MDRD) Study estimated GFR (eGFR)) after validation 
on a subgroup of SCA patients with renal 51Cr EDTA clearance 
(measured GFR > 110 mL/min/1.73 m2) (Table 167.1). Using this 
threshold, prevalence of hyperfiltration was between 50% and 60% 
in SCA patients (Haymann et al., 2010; Day et al., 2012).

In child SCA populations, a reported high eGFR (> 150 mL/
min/1.73 m2) using the Schwartz formula (Schwartz, 1987)  was 
described in several reports with an age-related increase in the 
first decade of life (Dharnidharka et al., 1998; Wigfall et al., 2000). 
Hyperfiltration prevalence increases with age (assessed by plasma 
99mTc-DTPA clearance), ranging from 58% (9–12 months of age) 
to 78% (after 15 months) (Ware et al., 2010); GFR decreases occur 
after the age of 16 years (Aygun et al., 2011).
Determinants of hyperfiltration
In our young adult SCA population (mean age 25.8 years old), only 
20% of the patients were free of renal disease, hyperfiltration being 
considered as a renal involvement (Etteldorf et  al., 1955; Schmitt 
et al., 1998), thus raising the issue of the determinants accounting for 
this pathological state. Glomerular hyperfiltration pathophysiology 
is a matter of great interest in type 1 diabetic patients and is currently 
viewed as an increased renal plasma flow, and glomerular hydrau-
lic pressure leading to increased filtration fraction (FF) (Anderson 
and Vora, 1995), altogether with increased glomerular permeability 
and Kf values. SCAN pathological processes seem different as the 
increased values of effective renal plasma flow (ERPF) in children 
and young adults is associated with a low FF (12–16%) (Allon, 1990; 
Guasch et  al., 1997; Schmitt et  al., 1998; Thompson et  al., 2007). 
Low FF, explained by a proportionally greater ERPF rise compared 
to GFR, suggests a dilation of both afferent and efferent arterioles, 
with a predominant effect on the latter. These findings are in agree-
ment with data reporting low intrarenal resistance (Guasch et al., 
1997) and a lower mean systemic arterial pressure than a control 
population matched for ethnicity and age (Thompson et al., 2007).

Anaemia was suggested to explain increased cardiac output 
(Leight et  al., 1954; Roy et  al., 1963), and thus ERPF increase. 

However, a renal microvascular dyregulation specific to SCA was 
suspected as early as the 1970s since multiple transfusions with 
normal red blood cells had no effect on renal haemodynamic 
(Statius van Eps et al., 1967). This assessment was strengthened by 
the absence of significant renal haemodynamic effect reported in 
other types of anaemia, such as iron deficiency anaemia (Bradley 
et al., 1947).

Medullar vasa recta rarefaction was highlighted as a major factor 
accounting for renal haemodynamic dysregulation, and supported 
by convincing microradioangiographic studies (Fig. 167.1) (Statius 
van Eps et al., 1970). Indeed, the view that medullary abnormalities 
could be responsible for the increased cortical renal plasma flow 
and in some cases also for papillary necrosis was in agreement with 
the renal clinical phenotypes of SCA patients. This current view is 
challenged by the finding that prevalence of hyperfiltration is very 
low in patients with HbSC disease (< 6%) (Day et al., 2012; Lionnet 
et al., 2012) whereas vasa recta rarefaction is also present and gen-
erally considered to be related to vaso-occlusive processes (Statius 
van Eps et al., 1970). Though the magnitude of medullar vasa recta 
rarefaction by itself could explain various degree of tubuloglomer-
ular feedback (TGF) dysregulation as demonstrated in experimen-
tal renal papillectomy (Takenaka et al., 1994; Ichihara et al., 1998), 
such renal haemodynamic features are probably the results of the 
interplay between several mediators including local prostaglan-
din, nitric oxide (NO), renin angiotensin II, endothelin, and/or 
adenosine release. The role of these mediators has remained under 
investigation for more than a decade with no comprehensive view 
to date. Our recent findings in young adult SCA patients suggest 
that hyperfiltration would be associated with a haemolysis rather 
than a vaso-occlusive phenotype, thus stressing the roles of two 
potential candidates: NO and carbon monoxide (CO) (Haymann 
et al., 2010) (see ‘Sickle cell anaemia in mice: pathophysiological 
insights’).
Micro- and macroalbuminuria
Prevalence
In paediatric SCA patients, microalbuminuria occurs as early as 
7  years old (Dharnidharka et  al., 1998)  with a prevalence rang-
ing between 12% and 28% (Aoki et al., 1990; Dharnidharka et al., 
1998; Wigfall et  al., 2000; McBurney et  al., 2002; McKie et  al., 
2007; Marsenic et al., 2008; Alvarez et al., 2008; Becton et al., 2010; 
Gurkan et al., 2010; Aygun et al., 2011; King et al., 2011; McPherson 
Yee et al., 2011). In adult SCA patients, prevalence of albuminu-
ria increases with age, ranging from 26% to 68% (depending also 
on the criteria used to assess albuminuria) (Guasch et  al., 2006; 
Thompson et al., 2007; Haymann et al., 2010; Nebor et al., 2010; 

Table 167.1 Comparison between different eGFR and mGFR methods relative to urinary 51Cr EDTA 
mGFR to assess the prevalence of hyperfiltration status among 48 SCA patients with proteinuria

Hyperfiltration, % GFR, mL/min per 1.73 m2 Se, % Sp, % PP, %

MDRD 72 161 (44–300) 94 63 82

Cockcroft and Gault 45 135 (65–320) 58 69 79

Creatinine clearance 62 144 (64–285) 87 88 90

Plasmatic mGFR 74 121 (62–171) 97 69 89

Urinary mGFR 66 123 (54–188) 100 100 100

Se: sensitivity; Sp: specificity; PP: predictive power.
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Asnani et al., 2011; Day et al., 2011; Sharpe and Thein, 2011). The 
prevalence of proteinuria within the nephrotic range is low (< 4%) 
(Bakir et al., 1987; McPherson Yee et al., 2011; Sharpe and Thein 
2011; and authors’ unpublished data).

Data about the natural history of SCAN are lacking; however, the 
general view is the occurrence of micro- before macroalbuminuria 
as the prevalence of non-proteinuric patients decreases with age-
ing (40% in SCA between 18 and 30 years old, and 20% in SCA 
after 40  years old). Conversely, the prevalence of macroalbumi-
nuria increases with ageing (20% in SCA between 18 and 30 years 
old, and 40% in SCA after 40 years old) (Guasch et al., 2006). The 
prevalence of albuminuria after the age of 40 is high, up to 80%. 
Of note, the prevalence of hyperfiltration alone or associated with 
microalbuminuria is about the same range whereas the prevalence 
of patients with hyperfiltration and macroalbuminuria is much 
lower (Fig. 167.2), favouring the view that hyperfiltration would be 
the first step of SCAN with no or minor ultrastructural damages, 
that could ultimately worsen and lead to a decreased GFR and the 
onset of macroalbuminuria at a later stage.
Determinants of albuminuria
Despite the fact that hyperfiltration is frequent and occurs very 
early in childhood in SCA patients and thus appears as a potential 

necessary condition for the onset of albuminuria, a direct link has 
not been fully demonstrated in SCA patients to date. The identifi-
cation of relevant determinants responsible for albuminuria is still 
under debate.

Micro- and macroalbuminuria may be mediated by different 
factors corresponding to selective and non-selective proteinu-
ria. Microalbuminuria in patients at the time of hyperfiltration 
have selective proteinuria, and an increased filtration coefficient 
(Kf) related to glomerular hypertrophy with a low filtration frac-
tion (FF) (Schmitt et al., 1998). In agreement with this hypothesis, 
intermittent microalbuminuria has been described in up to 34% 
of SCA children (selected criteria:  albumin:creatinine ratio > 30 
mg/g) (Alvarez et al., 2008) in favour to a reversible state, that is, 
haemodynamic rather than histological lesions. Conversely, mac-
roalbuminuria corresponds to the presence of non-selective pro-
teinuria assessed by an increased dextran permeability clearance 
with an incremental increase in the pore radius (Guasch et  al., 
1997) and would reflect glomerular structural damages with a nor-
mal or increased FF suggesting glomerular capillary hypertension. 
This view is supported by the decreased albumin excretion rate 
observed after angiotensin-converting enzyme inhibitor (ACEI) 
administration (Falk et al., 1992) (see ‘Therapeutic management’). 

Fig. 167.1 Microangiograph of a pyramid from (A) a normal kidney, (B) a HbSC disease kidney (5 years old), and (C) a HbSS disease kidney (3 years old).
From Statius van Eps et al. (1970).

100

Pa
tie

nt
s (

%
)

90

80

70

60

50

40

30

20

10

0
Hyperfiltration alone Hyperfiltration + μAIb Hyperfiltration + MaIb

Male
Female

Fig. 167.2 Distribution of patients with SS disease with hyperfiltration according to albuminuria. µAlb = microalbuminuria; Malb =macroalbuminuria. N = 280.
From Haymann et al. (2010).
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The stimulation of the local renin–angiotensin system is probably 
at play with little impact on systemic blood pressure, conversely 
to other nephropathies (including diabetes at the time of hyperfil-
tration). Indeed, despite a higher diastolic blood pressure in albu-
minuric compared to non-albuminuric patients (Bolarinwa et al., 
2012), blood hypertension incidence is very low (2–6%) in the SCA 
population compared to the US black population where the inci-
dence is 28% (Hatch et al., 1989; Saborio and Scheinman, 1999).

In the literature, no distinction is made to study the determi-
nants of micro- and macroalbuminuria separately, and most of the 
time CKD patients are not excluded from the analysis, thus pro-
viding potential additional bias. A growing literature supports the 
view that haemolysis is associated with albuminuria based upon 
the demonstrated protective effect of α-thalassemia against SCAN 
(Nebor et al., 2010): coinheritance of α-thalassemia in SCA patients 
is known to be associated with a lower rate of haemolysis (Embury 
et al., 1982; Higgs et al., 1982). Indeed, in albuminuric SCA patients, 
prevalence of α-thalassemia is lower compared to normoalbuminu-
ric (Guasch et al., 1999; Nebor et al., 2010), and in the adult SCA 
population, the age at onset of albuminuria is delayed compared 
to patients without α-thalassemia. Whereas intravascular hae-
molysis biomarkers such as lactate dehydrogenase (LDH) seem 
not to be strong predictors for albuminuria (Guasch et al., 2006), 
log(RBC-Hb/Ret-Hb), a marker of red cell lifespan, was reported 
to be lower in albuminuric SCA patients (Maier Redelsberger et al., 
2010) with an even better link when associated into a composite 
variable including LDH and reticulocytes. This study has been con-
firmed recently by another team (Day et al., 2012). Nevertheless, 
the true determinants of albuminuria remain an open question.

Chronic renal failure
Prevalence
In a SCA paediatric cross-sectional study including 189 patients, 
CKD was present in 27% of patients including CKD stage 1 (15%) and 
stage 2 (12%) with no reported stage 3, 4, or 5 CKD (McPhersonYee 
et al., 2011). In our series of young adult SCA patients (N = 442), 
8% had CKD stages 3–5, 68% were CKD stages 1 and 2, and 24% 
free of any renal pathology (authors’ unpublished data).

However, if SCAN alone may progress to ESRD only in a few 
cases, the reported 4–12% SCA patients with ESRD (Powars et al., 
1991, 2005) are related in most cases to nephrotoxic drugs admin-
istration, critical conditions in intensive care, and/or acute renal 
injury such as renal infarctions, papillary necrosis, pyelonephritis, 
or renal vein thrombosis. In SCA patients older than 60 years, prev-
alence of renal impairment rises up to 85% (Serjeant et al., 2007).
Determinants of CKD
Hypertension is present in 28% of SCA patients undergoing a renal 
biopsy (Maigne et al., 2010). Of note, several reports highlight unu-
sual normal/high blood pressure values (systolic blood pressure 
120–139 mmHg, diastolic 70–89 mmHg) compared to non-CKD 
SCA patients (Thompson et al., 2007; Gordeuk et al., 2008). Thus, 
values that would be considered normal in healthy individuals 
should be considered at risk for cardiovascular complications in 
patients with SCA with a positive association between blood pres-
sure, stroke, pulmonary hypertension, and increased mortality 
(Pegelow et al., 1997; Gordeuk et al., 2008).

Other risk factors associated with CKD include severe anaemia, 
proteinuria, nephrotic syndrome, and microscopic haematuria 
(Bakir et al., 1987; Powars et al., 1991; Maigne et al., 2010).

Pathological features
Renal manifestation of SCA cover a wide array of lesions includ-
ing focal areas of haemorrhage or necrosis, oedema, interstitial 
inflammation, fibrosis, tubular atrophy, and haemosiderin depos-
its. Medulla vasa recta rarefaction and maximally hypertrophied 
glomeruli with or without focal sclerosis are two striking features 
detected in most cases.

Vascular lesions
Haemoglobin polymerization is responsible for sickled red blood 
cell occlusion of blood flow in vasa recta resulting to typical medul-
lary and papillary necrosis in 15–36% of cases (McCall et al., 1978).

Such vascular lesions within medulla and papilla are prob-
ably related to a low oxygen pressure, a hypertonic gradient, and 
an acidic environment which favour polymerization of SS hae-
moglobin (Mozzarelli et al., 1987). Glomerular capillary oblitera-
tion is also described at a later stage (Bhathena and Sondheimer, 
1991) (see below).

Glomerular lesions
Glomerular hyperfiltration is characterized by a distinctive mor-
phological pattern with glomerular enlargement, compared to 
control subjects (Bernstein and Whitten, 1960; Pitcock et al., 1970; 
Buckalew and Someren, 1974). In adult patients, glomerular size 
is increased by > 50% compared to controls (Elfenbein et al., 1974; 
Falk et al., 1992). In older patients with glomerular involvement, 
progressive ischaemia and fibrosis lead to glomerulosclerosis. 
However, whatever the magnitude of albuminuria, the size of the 
glomeruli is larger in SCA patients compared to other glomeru-
lopathies such as idiopathic focal glomerulosclerosis or diabetes 
(Bhathena and Sondheimer, 1991; Osterby et al., 1992).

As kidney biopsies are not routinely performed in SCA patients 
with glomerular involvement, the prevalence of histological lesions 
is lacking and scarce reports may over-represent some findings 
and conversely under-represent other features. To our knowledge, 
three short series were reported before 2000 (Tejani et al., 1985; 
Bakir et al., 1987; Falk et al., 1992 ) and one larger series recently 
(Maigne et al., 2010), identifying noteworthy focal segmental glo-
merulosclerosis (FSGS) in 30–50% of cases (Mccoy et  al., 1969; 
Buckalew and Someren, 1974), membranoproliferative glomerulo-
nephritis (MPGN) in < 30%, and various lesions including throm-
botic microangiopathy glomerulopathy in 17% but also glomerular 
hypertrophy alone, with no other glomerular lesions and immu-
noglobulin or complement deposits (Maigne et al., 2010). Of note, 
MPGN lesions were not related to hepatitis C or chronic bacterial 
infection, favouring the view that MPGN lesions could be related 
to SCA status. It is thus tempting to speculate that glomerular 
enlargement with capillaries distended by sickled erythrocytes 
could both explain hyperfiltration at early stage of the disease and 
the increased occurrence of a variety of immune and non-immune 
mediated glomerular lesions.

Tubulointerstitial lesions
Abundant haemosiderin granules in proximal tubular epithelial 
cells are reported in most biopsies (Bhathena and Sondheimer, 
1991; Maigne et al., 2010) with various degrees of tubular atrophy 
and focal interstitial fibrosis in one series (Falk et al., 1992) and no 
inflammatory cells in another (Maigne et al., 2010). Focal necrosis, 
oedema, and extensive areas of fibrosis are reported in the papilla 
(Saborio and Scheinman, 1999). Renal dysfunction is reported to 
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be linked to tubular damage. In this regard, haemosiderin deposits 
should draw our attention as they may indicate an imbalance skew-
ing to a pro-oxidant state within tubules (and possibly endothelial 
cells) which may explain tubular lesions.
Renal biopsy indication
Percutaneous renal biopsy can be performed when indicated 
after a complete coagulation profile and thus sometimes requires 
a red blood cell transfusion or exchange as a preconditioning. No 
available data report a higher prevalence of post-biopsy bleed-
ing. Nevertheless, a renal biopsy can be avoided most of the time 
if SCAN is suspected, but remains mandatory in cases of acute 
kidney injury of unknown origin especially in the setting of high 
blood pressure. In our view, acute onset of nephrosis rules out a 
SCAN and would thus suggest several pathologies such as renal 
vein thrombosis, lupus, MPGN (related or not to hepatitis C or 
human immunodeficiency), infection, drug nephrotoxicity, throm-
botic microangiopathy, and so on. Of note, a few acute nephrotic 
syndromes worsening a pre-existing albuminuria were reported to 
be linked to parvovirus B19 infections (Wierenga et al., 1995; Quek 
et al., 2010).

Other renal injuries
Papillary necrosis and medullary injuries
As previously mentioned, the prevalence of renal infarcts and pap-
illary necrosis was estimated to be around 30–40% in the 1980s 
in populations where it was systematically searched by urography 
(McFall et al., 1978; Odita et al., 1983; Vaamonde, 1984). In most 
patients with SCA, the infarcted areas are small, and most of the 
time asymptomatic. However, papillary necrosis can present with 
renal colic, gross haematuria, urinary tract infection, or rarely 
acute kidney injury with urinary tract obstruction (Vaamonde, 
1984). Degree of papillary necrosis would depend on several fac-
tors including intracellular haemoglobin concentration and higher 
levels of fetal haemoglobin or haemoglobin A2.

Medullary microvascular impairment and papillary necro-
sis explain urinary concentrating ability impairment leading to 
hyposthenuria and ultimately polyuria which is < 5% in our cohort 
(unpublished data). An unravelled pathological link between SCA 
and papillary carcinoma is reported, especially with sickle cell trait 
(SCT) (see below) and should be distinguished from papillary 
necrosis (inactivation of tumour suppressor gene SMARCB1 may 
be linked to renal medullary carcinoma) (Liu et al., 2013).

Acute kidney injury
Four to 10% of hospitalized SCA patients have acute kidney injury 
(Devereux and Knowles, 1985; Kelly and Singer, 1986; Skar et al., 
1990; Hassell et  al., 1994), often related to severe infections or 
rhabdomyolysis with occasional renal vein thrombosis. A  statis-
tical link to acute chest syndrome and pulmonary hypertension 
has been recently described (Audard et al., 2010). Few histological 
studies are available reporting ischaemic insults located in kidney 
cortex, including acute congestion of the glomerular microcir-
culation, cortical ischaemia, and cortical infarction (de Jong and 
Statius van Eps, 1985; Saborio and Scheinman,1999). In a paedi-
atric population, acute kidney injury was associated with an older 
age, pre-existing hypertension, and haematuria (Stallworth et al., 
2011). Among nephrotoxic drugs, non-steroidal anti-inflammatory 
agents and iron chelators may induce acute kidney injury (Schaller 
and Kaplan, 1998; Prasannan et al., 2003).

Tubulopathy
Tubular abnormalities affect mainly a reduced ability to concentrate 
urine. Maximum urine osmolality assessment is about 400–450 
mOsm/kg of water (Levitt et al., 1960; Hatch, 1967; de Jong and 
Statius van Eps, 1985). An incomplete form of distal acidosis char-
acterized by a normal or decreased ammonium excretion associated 
with an impaired titratable acid excretion is described (Saborio and 
Scheinman, 1999) altogether with potassium excretion impairment 
(DeFronzo et al., 1979; de Jong and Statius van Eps, 1985). No con-
vincing explanations are provided to account for these electrolyte 
disorders, as plasma renin and aldosterone concentrations are gen-
erally normal. Conversely to other SCA populations (Saborio and 
Scheinman, 1999), in our series, the prevalence of mild metabolic 
acidosis (plasma bicarbonates between 17 and 23 mmol/l) is high 
(42% of cases) with no other current hypothesis than an impaired 
ammonium secretion. Hyperkalaemia encountered in < 2% of our 
population affects only CKD patients. Of note, an enhanced tubular 
reabsorption of phosphate leading in some cases to hyperphospha-
taemia or more often to upper limits is a common biological feature 
with no current clear explanation (De Jong, 1978). Tubular urate 
secretion is preserved (Morgan, 1984).

Pyelonephritis and urinary tract infection
SCA patients are predisposed to infection for several reasons, 
especially asplenia. The prevalence of urinary tract infections is 
high, probably due to local alterations such as papillary necrosis. 
Recurrent pyelonephritis is also frequently encountered in this 
population especially during pregnancy (Villers et al., 2008), trig-
gering painful vaso-occlusive crises.

Therapeutic management
Hyperfiltration
One recent study suggests that hydroxyurea (hydroxycarbamide) 
treatment at maximum tolerated dose may normalize hyperfil-
tration. Twenty-three children (median age 7.5  years) receiving 
hydroxyurea for 3 years significantly decreased their GFR (meas-
ured by 99mTc-DTPA) from 167 ± 46 mL/min/1.73 m2 to 145 ± 27 
mL/min/1.73 m2 strengthening the view that haemolysis decrease 
induced by hydroxyurea (assessed by fetal haemoglobin and LDH 
levels) could be efficient on hyperfiltration (Aygun et  al., 2013). 
Conversely, in the BABY HUG trial, infants (average 13.6 months 
old) randomly allocated to receive either placebo or hydroxyurea 
therapy (at lower dose), no benefit in preventing hyperfiltration 
progression was observed after a 2-year follow-up (from 125 to 
147 mL/min/1.73 m2, using 99mTc-DTPA renal clearance) (Aygun 
et al., 2013).

Albuminuria
A few studies, including a limited number of patients, suggest that 
albuminuria could be either significantly reduced or even may 
disappear under ACEI therapy (Falk et al., 1992; Aoki et al., 1995; 
Foucan et al., 1998; Fitzhugh et al., 2005). Of note, short-term treat-
ment for 2 weeks was reported to decrease proteinuria by 57% with 
no significant influence on GFR (Falk et  al., 1992). ACEI treat-
ment for 6 months was reported to normalize albuminuria in six 
out of eight patients (75%) in one non-controlled study (Aoki et al., 
1995) and to decrease albuminuria significantly by 37% (compared 
to 17% in the placebo group) in a randomized study (Foucan et al., 
1998). Of interest, in the latter study, no significant difference 
between the treated and placebo group were noticed after 1 month 
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of treatment. Recently, no beneficial effect of hydroxyurea was 
reported in a paediatric population (Alvarez et al., 2012).

Renal failure
SCAN may lead to a progressive GFR decrease associated with an 
increased albuminuria excretion rate revealing glomerulosclerosis 
(Powars et al., 1991; Bhathena and Sondheimer, 1991). This course 
is different from the acute onset of the nephrotic syndrome typically 
seen in idiopathic primary FSGS and minimal change disease (Nasr 
et al., 2006). No SCA-specific nephroprotection is proven though a 
general agreement seems to be to avoid nephrotoxic drugs and also 
to lower blood pressure which may be an important target in this 
setting where renal haemodynamic impairment is suspected.

Dialysis
Median life expectancy is 27 years for CKD patients as opposed 
to 51 years for those without renal failure. Although very few data 
are available, median survival after ESRD seems very poor (i.e. 
4 years) (Powars et al., 1991) with 14% of patients alive at 10 years 
(Scheinman, 2009). Dialysis impacts significantly on survival 
with an increased mortality risk (hazard ratio 1.52). Of note, SCA 
patients are much less likely to be listed for or receive renal trans-
plantation than other comparable patients with ESRD (US registry 
data; Abbott et al., 2002).

There is a general agreement that haemoglobin level > 10 g/dL 
could favour acute complications, thus suggesting a cautious use of 
erythropoietin therapy and red blood cell transfusions in this set-
ting (Lionnet et al., 2009).

Transplantation
The survival rate for patients with SCA who have received a renal 
transplant is 56% at 10 years, with no significant difference between 
SCA and African American patients when age-matched controls 
were used (Scheinman, 2009). One-year graft survival is 78% and 
comparable with that in controls; however, graft survival at 3 years 
decreased significantly at 48% with an increased mortality rate (rel-
ative risk: 2.8) (Ojo et al., 1999). A recent study showed that patient 
survival has improved among contemporary sickle cell recipients 
(73.1%) compared with an earlier cohort and is now comparable 
to a matched cohort of diabetic kidney recipients (Huang et  al., 
2013). Graft loss-specific causes are related to acute vaso-occlusive 
crisis with graft thrombosis and early failure and recurrent sickle 
nephropathy (Donnely et  al., 1988; Montgomery et  al., 1994; 
Warady and Sullivan, 1998).

Sickle cell anaemia in mice: pathophysiological 
insights
Mice strains
Two main transgenic mice have been created expressing human 
haemoglobin with a b56v mutation (βs-globins). The BERK 
(Berkeley) strain expresses exclusively human α- and βs-globins 
with various levels of HbF (from 1% to 40%) allowing the influence 
of HbF on intravascular sickling and haemolysis (Dasgupta et al., 
2010). The other is the SAD strain which harbours the mutated 
human βs-globins with two additional mutations (Antilles b231 
and D Punjab b121q) promoting an increase in polymer formation 
in the presence of mouse haemoglobin.

Renal phenotype
BERK strains exhibit features of human sickle cell nephropa-
thy even at a relatively young age (Pászty et al., 1997; Ryan et al., 

1997) whereas in SAD mice, glomerular hypertrophy and mesan-
gial sclerosis develop in severity with age altogether with renal 
haemosiderosis, marked congestion in capillary loops, cortical 
peritubular and medulla capillaries with microvascular occlusions 
leading to cortical and papillary infarcts (De Paepe and Trudel, 
1994; Nath et al., 2005). Glomerulomegaly is a striking feature in 
these animals compared to controls (Trudel et al., 1991; De Paepe 
and Trudel, 1994) raising the issue of a potential increase in plasma 
renal flow leading to a hyperfiltration state. Surprisingly, cardiac 
output and blood flow velocity in the renal arteries were similar 
in control and SAD mice (Sabaa et al., 2008). However, hyperfil-
tration was assessed in the first-generation transgenic animals 
(Fabry et al., 1995) by a measured GFR (25% increase using inu-
lin clearance) and suggested by lower plasma creatinine levels 
using second-generation mice. Medullary hypoxia associated with 
vaso-occlusion was confirmed by renal magnetic resonance imag-
ing, in accordance with a decreased concentrating ability reported 
in several strains (Fabry et al., 1995; Nath and Katusic, 2012).

Influence of hypoxia on renal haemodynamics
In a controlled, low-oxygen, partial pressure environment, mean 
renal blood flow and cardiac output of SAD mice are decreased 
with a marked renal vascular congestion (Bonnin et al., 2008; Sabaa 
et al., 2008). Similarly, in a renal ischaemia model, shortly after the 
release of the ischaemic clamp from the renal artery, renal plasma 
flow and GFR are markedly decreased in sickle mice compared 
to wild-type mice. Renal vascular resistance increases more than 
threefold (Juncos et al., 2010; de Franceschi et al., 1999), consistent 
with a vasoconstrictive myogenic reflex of kidney resistor vessels 
and/or erythrocyte congestion in small arteries, arterioles, glomer-
ular capillaries, and medullary microcirculation. Of note, 24 hours 
following localized renal ischaemia, a prominent systemic inflam-
matory response in distant organs develops in sickle mice (Nath 
et al., 2005).

Several local mediators play a role in the protection of the medulla 
from ischaemic insults such as NO, and more recently the focus has 
been on CO. Contrary to endothelin, both molecules share the abil-
ity to enhance medullary blood flow and inhibit salt reabsorption 
along the nephron (Pallone, 2007). The regulation of these media-
tors in SCA mice kidneys will be briefly reviewed.
Evidence for a dysregulation of NO balance
An impaired NO bioavailability assessed in human SCA by a 
reduced flow-mediated vasodilation (Reiter et al., 2002; Eberhardt 
et al., 2003; Gladwin et al., 2003; Gladwin and Kato, 2005) has been 
also demonstrated in SCA models with an attenuated response 
to NO-mediated vasoactive stimuli (Kaul et al., 2000; Nath et al., 
2000; Kaul and Fabry, 2004; Hsu et al., 2007). Under the condi-
tions of chronic hypoxia and haemolysis, induction of non-NO 
vasodilators, such as prostaglandins (COX2, PGE2) and haem 
oxygenase-1 (HO-1) may compensate reduced NO bioavailability 
(Graido-Gonzales et al., 1998; Gladwin et al., 2003; Kaul and Fabry, 
2004; Nath et al., 2004) and help maintain optimal oxygen delivery 
in the face of chronic anaemia. However, an enhanced inducible 
nitric oxide synthase (iNOS) and endothelial nitric oxide syn-
thase (eNOS) expression is detected in SCA mice kidneys (Bank 
et al., 1996). These data are in accordance with the known vascular 
effect of medullary iNO production in maintaining perfusion and 
protecting the medulla from ischaemic injury altogether with its 
inhibition of salt reabsorption (in the thick ascending limb) and 
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water reabsorption (in the collecting duct) which both reduce local 
oxygen consumption. Intrarenal iNOS upregulation has thus been 
proposed to explain hyperfiltration and awaits further data in SCA 
patients.
Evidence for endothelin-1 involvement
In humans, endothelin-1 (ET-1) levels are abnormally high in 
plasma and urine from SCA patients in basal conditions (Rybicki 
and Benjamin, 1998) during acute complications such as chest syn-
dromes (Hammerman et al., 1997) and chronic complications such 
as renal involvement (Tharault et al., 2005).

In SAD mice, high levels of ET-1 mRNA were detected in 
endothelium (Sabaa et  al., 2008). SAD mice chronically treated 
with an ET inhibitor (bosentan) did not display significant haemo-
dynamic changes at steady state whereas following a controlled 
hypoxia/reoxygenation the 50% decreased renal blood flow was 
reversed within minutes by acute ET receptor antagonists. These 
data favour the view that ET-1 within kidneys may sustained a 
triggered vasoconstrictive response and thus participate in organ 
injury and mortality in response to hypoxia reoxygenation (Sabaa 
et al., 2008), but does not provide a straightforward clue for hyper-
filtration mechanism.
Evidence for haem/haem oxygenase involvement
In SCA patients, chronic haemolysis is responsible for haem and 
free haemoglobin release that upregulate several genes coding for 
haem metabolism including HO-1 both in kidney and circulating 
endothelial cells (Nath, 2001; Bains et al., 2010). HO-1 is an essen-
tial enzyme for haem degradation recruited by the vasculature for 
cytoprotection against high haem exposure (Balla et al., 2007) and 
catalyses the enzymatic degradation of free haem/haemoglobin to 
free iron, biliverdin (subsequently reduced to bilirubin), and CO 
(Kharitonov et al., 1995). Upregulation of HO-1 was also reported 
in SCA mice kidneys, especially in vessels (Nath et al., 2001; Juncos 
et al., 2010). HO-1 would be an interesting candidate to explain 
hyperfiltration as HO induction attenuates an afferent arteriolar 
autoregulatory myogenic reflex thus modulating renal blood flow 
(Botros et al., 2008; Wang et al., 2010). Of interest, endogenously 
produced CO would exert a renoprotective reserve mechanism to 
prevent excess afferent arteriolar constriction in conditions where 
NO production is inhibited or angiotensin II stimulated (Botros 
et al., 2006; Nath et al., 2010).

HO-1 in the setting of chronic haemolysis also emerges as a key 
player in the skewing of pro-oxidant haem and iron versus anti-
oxidant CO, biliverdin, and bilirubin thus potentially preventing 
kidney inflammation and other SCA complications (Belcher et al., 
2006; Nath and Katusic 2012).

Other major sickle cell diseases and kidney
Very few data related to renal disease are available in non-  
homo zygous sickle cell disease patients. S/β0-thalassemia 
patients share the same phenotype than SCA, whereas SC and 
S/β+-thalassemia have a different expression. These haemoglobi-
nopathies are characterized by higher haemoglobin concentra-
tions suggesting that hyperviscosity may be a relevant factor. One 
striking difference between HbSC and SCA patients is the lower 
prevalence of renal involvement, with very few glomerular abnor-
malities (Table 167.2). SCAN, defined as the association of glo-
merular hyperfiltration and albuminuria, is exceptional, whereas 

comorbidities such as hypertension, diabetes, or HIV infection are 
more prevalent in this HbSC population with renal involvement 
(Lionnet et al., 2012).

Sickle cell trait and kidney
SCT prevalence is high (300 million worldwide), especially in West 
Africa. SCT is characterized by the inheritance of a normal hae-
moglobin gene (HbA) from one parent and an abnormal, mutated 
β-globin gene, the sickle haemoglobin gene (HbS), from the other 
parent. This status, described as a benign carrier state with a life sur-
vival similar to the general population (Ashcroft at al 1976), may nev-
ertheless, during hypoxic circumstances or dehydration episodes, 
lead to acute kidney injury, spleen infarction, venous thrombosis, 
and sudden death (Tsaras et al., 2009). Genetic advice is currently 
given in Western countries when both parents are heterozygous for 
HbS. Among population with a high prevalence for SCT, a system-
atic genetic evaluation before renal transplantation both for recipi-
ents and living donors is an ongoing debate (see below).

Renal involvement
As previously mentioned, the low oxygen content of the renal 
medulla provides a propitious setting for intravascular sickling. 
In fact, HbAS has been associated with fewer and disrupted ves-
sels of the vasa recta and renal microvascular obstruction (Statius 
van Eps et al., 1970), which may thus account for several complica-
tions reported in the literature with a low prevalence (Table 167.3). 
A potential link between SCT and chronic renal failure was raised 
in a retrospective study in ESRD patients showing that HbAS 
was twice as common among African Americans with ESRD 
compared with the general African American population (15% 
vs 7%) (Derebail et  al., 2010). Such an association was not con-
firmed by another study (Hicks et al., 2011) and thus requires a 
prospective study.

Renal transplantation
The consequences for donor and receiver of using a kidney donor 
having the SCT are still unknown. The screening of potential kid-
ney donors for SCT has to be promoted. The current general view is 
that agreement for a living SCT graft donor transplantation should 
be carefully evaluated. Very few data are available in SCT recipients. 
One-year graft and patient survival are 63% and 83% in a short 
series of SCT recipients (N = 21) (Chatterjee et al., 1980). Of note, 
10% of patients experienced painful crisis after transplantation.

The hypothesis that SCT may be a risk factor for early renal allo-
graft loss requires further evaluation.

Table 167.2 Prevalence of renal involvement in SC patients compared 
to SS patients (authors’ unpublished data)

Condition HbSC No. (%) SCA %

No renal involvement 151 (87) 16

Glomerular hyperfiltration 9 (5) 51

Microalbuminuria 9 (5) 40

Macroalbuminuria 4 (2) 19

Renal insufficiency 4 (2) 7
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Conclusion
The substantial improvement in survival of homozygous sickle 
cell patients through specific medical programmes has raised new 
medical concerns such as SCAN. This nephropathy is suspected by 
a hyperfiltration with or without albuminuria and may lead to CKD 
progression and ultimately to ESRD. Indeed, several additional 
factors such as papillary necrosis (due to vascular thrombosis), 
nephrotoxic drugs, and/or infections may further be deleterious 
with a special emphasis on blood hypertension which is under-
estimated (relative hypertension). In most cases, renal biopsy is 
thus unnecessary. Clinical trials aiming for nephroprotection are 
mandatory in patients with stage 1 CKD in order to assess the use-
fulness of drugs such as ACEIs. General guidelines (Lionnet et al., 
2009) should be promoted in order to define specific recommenda-
tion and biological targets.
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Introduction
In chronic kidney disease (CKD), the intermediary metabolism and 
the endocrine and hormonal systems undergo profound changes, 
contributing to alterations in most organ systems as well as nutri-
tional status, including body composition. Most of these metabolic 
and nutritional changes in CKD, such as insulin resistance, lipid 
abnormalities, protein-energy wasting (PEW), and cardiovascular 
disease (CVD), become progressively worse as CKD progresses 
into end-stage renal disease (ESRD). Although many alterations 
may improve with the initiation of dialysis treatment, other aspects 
are not affected, or may even deteriorate in dialysis patients, mainly 
as a consequence of the partial or total loss of the residual renal 
function, but also due to untoward effects of the dialysis treatment. 
Kidney transplantation usually results in major improvements 
of health and quality of life but may also result in increased inci-
dence of obesity and metabolic syndrome (MetS), mainly due to 
the immunosuppressive treatment with corticosteroids and other 
drugs. On the other hand, the presence of nutritional abnormali-
ties, such as MetS and obesity and related comorbidities, such as 
diabetes and CVD, play an important role in the initiation and pro-
gression of CKD.

Aetiology
Overweight and obesity are global public health problems in them-
selves and because of their roles as underlying causes of several 
major diseases: diabetes mellitus, sleep apnoea, cardio- and cer-
ebrovascular disease, musculoskeletal and psychosocial disorders, 
and some types of cancer (World Health Organization, 2011). In 
particular, abdominal obesity, one of the main components of 
MetS, is thought to play a detrimental role (Box 168.1) (4S Study 
Group, 1994; Arner, 2003).

Overweight and obesity are defined as abnormal or excessive fat 
accumulation that may impair health (World Health Organization, 
2011) and are the result of an imbalance between energy intake 
and expenditure. The definition is based on body mass index 
(BMI), and is widely used even among CKD patients (Table 168.1). 
Despite the limitations of BMI, especially that it makes no distinc-
tion between fat and lean body, this index is easily applied, inter-
nationally recognized, and widely used as a measure of obesity 
even among CKD patients. Factors as age, gender, ethnicity, fluid 
balance, muscle depletion-related PEW, exercise, various diseases, 
and nutritional intake can confound body weight measures in 

CKD patients (Fouque et al., 2008). Combining measurement of 
weight with an assessment of body composition is recommended 
(Table 168.2). The study of longitudinal changes in body compo-
sition in CKD patients is important as obese sarcopenia, which is 
defined as relative PEW and loss of lean body mass (LBM), is not an 
uncommon finding among overweight patients and is often asso-
ciated with inflammation and increased incidence CVD in CKD 
patients (Honda et al., 2007). Indirect measures of body composi-
tion (waist:hip ratio, sagittal abdominal diameter, and the conic-
ity index) can be used as indirect measures of body composition 
in CKD patients. They correlate with the amount of visceral fat 
mass (Velludo et al., 2008) reflecting abdominal or central obesity 
(Björntorp, 1992; de Koning et al., 2007) which in ESRD predicts 
outcome better than BMI (Elsayed et al., 2008; Cordeiro et al., 2010; 
Postorino et al., 2011). The prognostic value of different measures 
of weight and body composition may vary during different stages 
of CKD (Kamimura et al., 2003; Barreto Silva et al., 2008). WHR 
may actually modify the risk of hypertriglyceridemia, leptin, and 
adiponectin in all-cause and cardiovascular mortality in dialysis 
patients (Postorino et al., 2011; Zoccali et al., 2011).

Overweight and obesity are associated with a higher risk of CKD 
(Coresh et al., 2007), both independently and through shared risk 
factors, such as diabetes and hypertension (Honda et  al., 2007). 
A systematic review and meta-analysis showed strong association 
between overweight and the risk of kidney disease (Wang et al., 
2008) (Fig. 168.1). However, the effect and consequences of over-
weight and obesity on morbidity and mortality differ markedly 
throughout CKD stages 1–5. On the one hand, these alterations 
may cause renal disease or contribute to progression of existing 
CKD. On the other hand, overweight and obesity may play a pro-
tective role at later CKD stages by mechanisms that are not yet fully 
understood (Table 168.3).

The MetS consists of a cluster of clinical traits with metabolic 
and haemodynamic alterations, which individually or in combina-
tion increase the risk for developing overt diabetes, CKD, and other 
complications leading to increased cardiovascular morbidity and 
mortality (Table 168.4). Several components of MetS are common 
already in earlier stages of CKD, either because they are risk factors 
for developing CKD or because they occur as consequences of CKD. 
As progression of kidney disease results in further derangements of 
these metabolic and haemodynamic derangements, advanced stages 
of CKD and MetS share multiple similarities and multiple interac-
tions. Among obese CKD patients, the uraemic milieu may increase 
the metabolic consequences of obesity-induced MetS by aggravating 
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inflammatory and oxidative stress pathways (Table 168.4). A recent 
systematic review and meta-analysis based on > 30,000 patients 
showed that MetS and its components are risk factors for develop-
ment of microalbuminuria, overt proteinuria, and CKD stages 3–5 
without previous renal disease (Thomas et al., 2011).

Epidemiology
Obesity in chronic kidney disease
Obesity is a risk factor both for linear decline of glomerular fil-
tration rate (GFR) and consequent risk for developing CKD in 

patients with CKD stages 1–2 (Fox et al., 2004; Gelber et al., 2005; 
Ejerblad et al., 2006; Hsu et al., 2006; Iseki 2006; Wang et al., 2008). 
High BMI correlates with lower GFR (cystatin C) in a healthy pop-
ulation with normal estimated GFR and no albuminuria (Muntner 
et al., 2008). Part of the association between high body weight and 
decline in GFR may be mediated by hypertension among over-
weight subjects (Kramer et al., 2005) even after the adjustment for 
blood pressure (Iseki 2006; Gelber et al., 2007). The risk for devel-
oping CKD is markedly increased in subjects with MetS, with or 
without diabetes (Chen et al., 2004; Kurella et al., 2005; Luk et al., 
2008; Park et al., 2010; Lee et al., 2011) and obesity in itself is a 
negative prognostic factor for further progression of CKD and for 
morbidity and mortality during CKD stages 1–4 (Table 168.5). 
On the other hand, loss of LBM occur in the majority of patients 
with CKD stages 3–5, independent of their initial body weight; this 
process which is typically combined with a range of other (meta-
bolic, nutritional, hormonal, immunological) alterations includ-
ing inflammation, is a strong predictor of poor clinical outcome 
(Heimburger et al., 2000).

Obesity in haemodialysis patients
Whereas low body weight is a poor prognostic sign regardless of 
dialysis modality (Stack et al., 2004; Ramkumar et al., 2005; Huang 
et al., 2010), the impact of overweight (BMI > 25 kg/m2) is unclear 
and may vary according to the type of dialysis. The inverse rela-
tionship between mortality and body weight in haemodialysis 
(HD) patients is a part of the ‘reverse epidemiology’ paradox as 
shown in North American HD patients (Fleischmann et al., 1999; 
Kalantar-Zadeh et al., 2003, 2005). However, this paradox has not 
been confirmed in North American non-diabetic patients with 
mild–moderate CKD (Madero et al., 2007), nor in European HD 
patients (de Mutsert et al., 2007). A higher prevalence of obesity in 
the United States, especially in some ethnic groups, as well as dialy-
sis vintage and selection bias—underweight patients have a high 
mortality—may explain this discrepancy (Table 168.6) (Glanton 
et al., 2003; Keith et al., 2004). Other fat-related factors potentially 
contributing to obesity-related survival advantage include better 
mobilization of endothelial progenitor cells, a lesser uraemic toxin 
load due to larger distribution volume, a larger prescribed dialy-
sis dose (as overweight resulting in higher volume and therefore 
a lower Kt/V index, may encourage efforts to increase this index), 

Box 168.1 Risk factors for obesity

u Increased energy intake
u Low physical activity (in relation to energy intake)
u Genetics and epigenetics
u High intake of fat and carbohydrates
u Insulin resistance
u Comorbidity (such as type 2 diabetes mellitus)
u Drugs (such as steroids and insulin).

Table 168.1 International classification of adult non-Asiana 
underweight, overweight, and obesity by body mass index (BMI) 
according to the World Health Organization

Category BMI (kg/m2)

Underweight < 18.5

Normal weight 18.5–24.9

Overweight 25.0–29.9

Obese ≥ 30

Obese class I 30.0–34.9

Obese class II 35.0–39.9

Obese class III ≥ 40

aOther values apply to the Asian population.

Table 168.2 Comparison of methods for estimating body weight and body composition and their prognostic value 
for predicting morbidity and mortality in CKD

Method Distinction fat mass/LBM Easy to use Cost/benefit Reproducibility Prognostic value in CKD

Body mass index 0 +++ +++ +++ +

Waist:hip ratio 0 +++ +++ +++ ++

Skinfold thickness + ++ ++ + ++

Bioimpedance ++ +++ ++ ++ +++

DXA +++ + + +++ +++

Computed tomography +++ + + +++ +++

Ratings (by the authors): +++ excellent; ++ good; + moderate; 0 poor.

CKD = chronic kidney disease; DXA = dual energy X-ray absorptiometry; LBM = lean body mass.
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and higher LBM in patients with high BMI. As adipocytes and oste-
oblasts originate from common progenitor and mesenchymal stem 
cells it should also be emphasized that obesity is protective against 
osteoporosis (Table 168.3).

In the short term, increased mortality is seen mainly in patients 
with PEW and low BMI, as these patients may not survive long 
enough to eventually suffer from the potential negative long-term 
effects of obesity, such as dyslipidaemia and enhanced atherogen-
esis. In general, studies demonstrating ‘reverse epidemiology’ have 
rather short follow-up periods, and therefore a potential negative 
long-term impact of obesity might not be seen. It should be empha-
sized that obesity has not been shown to have any advantageous 
effects on self-rated health status, and physical function compared 
to normal weight or moderately overweight HD patients (Johansen 
et al., 2006).

In conclusion, overweight and obesity are associated with a 
short-term survival advantage in HD patients. Increased LBM, 
better bone status, and better energy reserve stores in these 
patient groups may account, at least in part, for the observed 

protective effect of increased fat mass in epidemiological studies 
(Table 168.3).

Obesity in peritoneal dialysis patients
Overweight and obesity have been reported to be associated with 
several complications of peritoneal dialysis (PD) (such as increased 
incidence of PD peritonitis, PD catheter loss and technique failure), 
and a more rapid decline of residual renal function (Piraino et al., 
1991; Grzegorzewska and Mariak, 2003; McDonald et al., 2004). 
However, the impact of overweight on the prognosis in PD patients 
is less clear; there is no clear evidence so far that the ‘reverse epide-
miology’ paradox is providing a survival advantage for PD patients 
with overweight. Weight gain and accumulation of fat mass is a 
common metabolic complication of PD and sometimes a significant 
clinical problem, and the aetiology is multifactorial (Box 168.2). In 
some PD patients, the excessive weight gain consists mainly of fat 
mass, located intra-abdominally (Jager et al., 2001). The glucose 
load from PD solutions is high but the amount of absorbed glucose 
(100–200 g/day) (Heimbürger et al., 1992) has not been shown to 
explain gain in fat mass (Konings et al., 2003). However, the glu-
cose load in combination with obesity-predisposing gene polymor-
phisms, such as uncoupling protein, may result in PD-related weight 
gain (Nordfors et  al., 2000). A  relative increase of fat mass may 
occur over time despite of stable weight in the long term (Viglino 
et al., 1992). Similar to HD, PD patients who do not accumulate fat 
are likely to have a loss of LBM (Nordfors et al., 2000). Indeed, PD 
as a dialysis modality may actually be a beneficial choice for ESRD 
patients with low energy stores (Jager et al., 2001).

Taken together, whether overweight and obesity have any impact 
on mortality in PD patients is presently unclear. The mortality risk 
of obese PD patients is reported to be equal or increased in compar-
ison with PD patients with normal body weight (McDonald et al., 
2003), whereas some studies have reported a survival benefit for 
overweight and obese PD patients (Snyder et al., 2003).

Stengel (2003)

Overweight (25<BMI<30) vs normal weight

Abbreviation
CKD: chronic kidney disease
ESRD: end-stage renal disease
KS: kidney stone
KS: kidney cancer
RCC: renal cell carcinoma
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Fig. 168.1 Pooled random-effects estimate of risk ratio and 95% confidence intervals for the association between obesity and kidney disease based on cohort studies in 
the general populations. Overweight (25 kg/m2 < BMI < 30 kg/m2) versus normal weight.
From Wang et al. (2008).

Table 168.3 Potential negative and beneficial effects of increased fat 
mass in chronic kidney disease

Negative effects Beneficial effects

Increased systemic inflammation Well preserved energy stores

Dyslipidaemia Better bone mineral density

Increased insulin resistance Better stem cell mobilization

Obstructive sleep apnoea More efficient disposal of lipophilic 
toxins

Psycho-social effects Possible association of genetic traits 
(such as fetuin-A)
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Obesity in renal transplanted patients
Weight gain has a negative prognostic effect on the clinical out-
come in renal transplant patients. Pre-transplant obesity is a risk 
factor for all types of surgical complications, delayed graft func-
tion, and prolonged hospitalizations in the short term after renal 
transplantation (Johnson et al., 1999; Espejo et al., 2003; Singh 
et  al., 2005). Thus, many transplantation centres regard high 
BMI (30–35 kg/ m2) as an exclusion criterion for renal transplant 
recipients. The effects of pre-transplantation overweight and 
obesity on graft and patient long-term survival are more conflict-
ing. Some studies report overweight and obesity as predictors 
for delayed graft function, and poorer graft and patient survival 
(Meier-Kriesche et  al., 1999, 2002; Aalten et  al., 2006; Sancho 
et al., 2007), independent of the type of the transplantation (living 
vs cadaveric donor) (Mehta et al., 2007). Weight gain after kidney 
transplantation is common and accentuated by overweight prior 
to transplantation (Drafts et  al., 1997). Several immunosup-
pressive drugs have adverse effects on metabolism and predis-
pose these patients to weight gain, diabetes, dyslipidaemia, and 

MetS, which may have negative effects on graft survival (Porrini 
et  al., 2010)(Box 168.3). Whereas improved nutritional status 
has been reported to contribute to post-transplant weight gain 
(Cofan et  al., 2005; Cashion et  al., 2007), obesity is related to 
worse transplantation outcomes in other studies (Parikh et al., 
2003; Armstrong et al., 2005; Ducloux et al., 2005; Chang et al., 
2007). The quality of kidney transplants from obese donors is 
poorer than those from normal weight donors and related to 
higher incidence of acute allograft rejections (Massarweh et al., 
2005; Espinoza et al., 2006). Whether obesity of the donor has 
any long-term adverse prognostic effect on graft or patient sur-
vival of the recipient is not yet established (Rea et  al., 2006). 

Table 168.4 Components, causes and risk factors, and consequences 
of metabolic syndrome in chronic kidney disease

Components of metabolic 
syndrome

Impaired fasting blood glucose

Insulin resistance

Hypertension

Dyslipidaemia (low high-density 
lipoprotein-cholesterol and high triglycerides)

Abdominal obesity (in some patients)

Causes and risk factors for 
metabolic syndrome

Old age

Genetic factors

Increased total fat mass and abdominal fat

Decline in muscle mass and muscle oxidative 
capacity

Overweight and obesity

Physical inactivity

Uraemic toxins

Chronic inflammation

Oxidative stress

Anaemia

Metabolic acidosis

Secondary hyperparathyroidism

Consequences of metabolic 
syndrome

Diabetes mellitus

Hypertension

Dyslipidaemia

Cardiovascular disease

Albuminuria

Progress of CKD

Muscle wasting

Hyperuricaemia, kidney stones

Table 168.5 Prognostic implications of overweight and obesity 
for development of CKD and complications, and current 
recommendations as regards weight control

Prognostic value of overweight and 
obesity

Recommendations

Healthy populations: overweight and 
obesity are established risk factors for 
developing CKD

Avoiding overweight is likely 
beneficial in order to preserve renal 
function. High physical activity is 
recommended

CKD 1–2: cardiovascular and 
metabolic risk factor profile 
comparable to that seen in the 
general population

Prognostic value of weight loss in 
CKD 1 and 2 is not established. High 
physical activity is recommended. 
Energy intake should be scaled to 
normal BMI and not to actual body 
weight

CKD 3–5: obesity is a prognostic factor 
for progression of CKD throughout 
stages 3 and 4. LBM may be a more 
important determinant for survival in 
CKD stages 3–5 than BMI

Preservation of LBM is likely to be 
beneficial. High and individually 
modified physical activity is 
recommended. Energy intake should 
be scaled to normal BMI and not to 
actual body weight. Pharmacological 
treatment of obesity is not established

Haemodialysis: overweight and obesity 
are positive prognostic factors for 
short-term mortality. The prognostic 
impact on long-term mortality is not 
established

Preservation of LBM is beneficial. 
Individually modified physical 
activity is recommended. Energy 
intake should follow the current 
recommendations for haemodialysis 
patients but be scaled to normal BMI

Peritoneal dialysis: overweight and 
obesity is a complication of PD 
for some patients. The prognostic 
implications of overweight and 
obesity are unclear

Preservation of LBM is beneficial. 
Individually modified physical 
activity is recommended. Energy 
intake should follow the current 
recommendations for haemodialysis 
patients but be scaled to normal BMI

Kidney transplants: pre-transplantation 
obesity worsens the prognosis for 
surgical complications and graft 
function in the short-term whereas 
the long-term prognostic implications 
are unclear. Post-transplant 
weight gain increases metabolic 
and cardiovascular morbidity 
risk. Overweight and obesity are 
complications of immunosuppressive 
medication in some patients

Transplanted patients may benefit 
from maintaining stable and normal 
body weight. High physical activity 
is recommended. Pharmacological 
treatment of obesity is not established 
and potential interactions with the 
immunosuppressive medication may 
occur. Surgical treatment of obesity 
can be considered
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Obese donors are reported to have more perioperative surgical 
complications, but the long-term impact of obesity on the renal 
function of the renal transplant donors is not known (Pesavento 
et al., 1999).

Aetiology and pathogenesis of obesity-induced  
kidney disease
Obesity per se is a risk factor for declining renal function (Hsu et al., 
2006) (Fig. 168.2). The defined histopathological changes seen are 
hyperfiltration, glomerular hypertrophy, minimal podocyte efface-
ment, and segmental or global glomerulosclerosis, resembling sec-
ondary focal segmental glomerulosclerosis (FSGS) (Praga et  al., 
2000). The degree of glomerulomegaly correlates with the degree 
of obesity (Verani, 1992). To what extent weight loss reverses these 
changes is unclear (Morales et al., 2003). The risk of developing an 
obesity-related FSGS is considerable and the glomerular lesions are 
distinguishable from other types of FSGS (Praga et al., 2001). The 
histopathological changes in kidney at different stages of MetS have 
not been described. Declining kidney function and microalbumi-
nuria are associated with MetS (Lea et al., 2008) and aggravate the 
cardiovascular risk associated with MetS. Although microalbumi-
nuria is an established surrogate marker for endothelial dysfunc-
tion the exact mechanisms by which microalbuminuria leads to 
increased cardiovascular morbidity are not fully understood (Jassal 
et al., 2008; Vlek et al., 2008). Overweight may also aggravate the 

effects of an underlying kidney disease on renal function through 
hypertension, increased proteinuria, and obesity glomerulopathy 
(Bonnet et al., 2001).

The different components of MetS correlate more or less with 
each other (Hanson et  al., 2002)  and are prognostically related 
to increased cardiovascular mortality in the general population 
(Isomaa et al., 2001). However, the association between increased 
mortality and overweight may be weaker in CKD patients (Kwan 
et al., 2007), and confounded by other interacting risk factors (such 
as inflammation and proteinuria). Prevention of obesity and over-
weight decreases the incidence of MetS and type-2 diabetes and 
related complications in healthy subjects (Hanson et  al., 1995). 
Metabolic syndrome is a risk factor for CKD in non-diabetic adults 
(Kurella et al., 2005; Zhang et al., 2007 ) and the strength of associa-
tion is linearly increasing by the number of metabolic traits (Kurella 
et al., 2005; Zhang et al., 2007 ). Hypertension and obesity are a 
part of MetS and increase the risk for proteinuria (Lea et al., 2008). 
Although there is little data on the impact of MetS on CVD-related 
mortality at different stages of CKD, it has been shown that fat mass 
(estimated by BMI) is a proxy for insulin resistance in CKD stages 
3–4 (Trirogoff et al., 2007).

Adipose tissue is a complex organ with functions beyond 
energy storage. Indeed, fat secretes a number of adipokines and 
cytokines. Omental (visceral) adipose tissue releases two to three 
times more interleukin 6 than subcutaneous fat tissue (Fried 
et al., 1998). Inflammation resulting from increased expression of 
pro-inflammatory genes has been documented in uraemic subcu-
taneous tissue (Witasp et al., 2011). Accumulation of adipokines 
(leptin, adiponectin, and visfatin) from adipose tissue has been 
shown to occur when renal function declines. These proteins 
regulate body weight and energy homeostasis, insulin resistance, 
dyslipidaemia, inflammation, fibrinolysis, endothelial function, 
and coagulation (Gaal et al., 2006) and have been suggested to 
play a major role in uraemic MetS even though the exact mecha-
nisms are not known. Leptin was initially described as a central 
modulator of feeding behaviour (Zhang et al., 1994). Subsequent 
studies have demonstrated that leptin also has important periph-
eral effects, such as inhibition of insulin secretion, stimulation of 
the sympathetic nervous system, stimulation of haematopoiesis, 
and promotion of oxidative stress and vascular calcification. It has 
been suggested that the kidney is a target organ for leptin and that 
this hormone may play a role in renal pathophysiology, especially 
fibrosis (Wolf and Ziyadeh, 2006). Loss of renal function leads to 
inappropriately elevated serum concentrations of leptin especially 
in women with high BMI and those treated by PD (Heimburger 
et  al., 1997). An association between inflammatory biomarkers 
and leptin in CKD has been shown and in this way leptin may 

Table 168.6 Explanatory factors for the ‘reverse epidemiology’ 
paradox of obesity and for the discrepancies in studies on weight and 
mortality in US and European haemodialysis patients

Factors Comment

Prevalence of obesity The prevalence of obesity is higher in United States 
than Europe

Variability in ethnic 
groups

Obesity is more prevalent in ethnic groups, in 
United States (Hispanics and African Americans)

Uraemic toxin load A larger dialysis dose in obese patients, higher V in 
the Kt/V index

Lean body mass Higher in obese patients

General survival in 
haemodialysis

Long-term effects of obesity may not be evident 
due to increased general mortality in patients on 
haemodialysis

Length of follow-up Short follow-up in studies. Potential negative 
long-term impact due to obesity may not show up

Box 168.2 Risk factors for weight gain and accumulation of fat 
mass during peritoneal dialysis

u Overweight prior to peritoneal dialysis
u Diabetes mellitus
u Female
u Heredity for overweight
u Comorbidity
u High-transporter.

Box 168.3 Immunosuppressive drugs with adverse effects 
on glucose and lipid metabolism

u Corticosteroids
u Tacrolimus
u Ciclosporin
u Mycophenolate mofetil
u Sirolimus
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play a role in uraemic PEW (Nordfors et al., 1998). Low leptin 
levels are a predictor for poor outcome in dialysis patients, prob-
ably reflecting the negative effects of energy wasting and loss of fat 
mass (Scholze et al., 2007). Adiponectin is an adipokine inversely 
related to fat mass that improves insulin sensitivity, ameliorates 
endothelial dysfunction, and counteracts pro-inflammatory sig-
nalling (Takemura et al., 2007). However, in CKD patients, high, 
rather than low circulating levels of adiponectin predict mortality 
(Kistorp et al., 2005; Menon et al., 2006). Although the under-
lying mechanisms are not understood, it can be speculated that 
high adiponectin levels reflect a wasting process (Qi et al., 2004); 
in addition, direct central nervous effects promoting increased 
resting energy expenditure and decreased appetite may also play 
a role.

Treatment and outcome
Risk for obesity-related comorbidities increases linearly with 
increasing BMI in healthy populations (Calle et al., 1999; McGee, 
2005). However, the relationship between mortality and BMI is 
more complex and potentially confounded by several factors (Calle 
et al., 1999; McGee, 2005). The association between body weight 
and mortality is even more complex in CKD patients than in the 
general population due to the abundance of shared risk factors for 
cardiovascular and metabolic morbidity and mortality in CKD 
patients. To what extent intentional weight loss influences mor-
tality among obese healthy subjects is controversial (Williamson 

et al., 1995; Sorensen et al., 2005). Unintentional weight loss in 
CKD patients heralds poor prognosis (Kotanko et al., 2007). There 
is no data on whether intentional weight loss combined with 
increase in LBM would be beneficial in all or some subgroups of 
CKD patients. An open-label prospective nonrandomized inter-
vention study evaluating a 24-month weight-management pro-
gramme that included a low-fat renal-specific diet, exercise, and 
orlistat, a drug that prevents dietary fat from being absorbed by 
inhibiting gastric and pancreatic lipases, demonstrated significant 
weight loss and weight-loss maintenance in obese CKD patients 
(MacLaughlin et  al., 2010). In the general population, bariatric 
surgery is the most effective treatment for obesity and has been 
shown to drastically improve both blood pressure and diabetic 
control without negative effects on renal function (Schuster et al., 
2011). Although the interaction of bariatric surgery and renal 

direct
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indirect

Fig. 168.2 Potential direct and indirect mechanism by which obesity may increase the risk of chronic kidney disease.

Box 168.4 Causes of reduced physical activity in CKD patients

u Tiredness
u Nausea
u Low muscle mass and fragility
u Comorbidities
u Medications
u Time spent on dialysis treatment.
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function is less clear at different stages of CKD, a review dem-
onstrated a significant potential for bariatric surgery to improve 
outcomes in CKD and in transplanted patients (Modanlou et al., 
2009; Szomstein et al., 2010).

Physical inactivity relates to obesity and albuminuria (White 
et al., 2011). Many factors may lead to a decrease in physical activ-
ity in CKD patients (Box 168.4). Physical activity is an important 
tool in order to preserve or increase LBM and should be strongly 
encouraged for CKD patients. The effect of physical activity for 
LBM has not been well documented in CKD patients (Biolo et al., 
2005). Current knowledge and recommendations overweight and 
obesity in CKD patients are presented in Table 168.5.
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CHAPTER 169

The patient with hepatorenal 
syndrome
Andrés Cárdenas and Pere Ginès

Introduction
Renal failure in patients with cirrhosis was initially described as a 
renal dysfunction characterized by progressive azotaemia associ-
ated with marked abnormalities of the systemic arterial circulation 
and normal renal histology, a condition later coined as hepatore-
nal syndrome (HRS) (Hecker and Sherlock, 1956; Lancestremere 
et al., 1962; Shear et al., 1965; Schroeder et al., 1967). However, it 
is now known that patients with cirrhosis may also develop renal 
failure due to a variety of causes including bacterial infections, gas-
trointestinal (GI) bleeding, use of non-steroidal anti-inflammatory 
drugs (NSAIDs), and intrinsic renal diseases (Ginès et al., 2007). 
The initial management of a patients with a rise in serum creatinine 
completely depends on the cause therefore the most important step 
in managing renal failure in a patient with cirrhosis is to identify its 
aetiology. The aim of this chapter is to review the current approach 
to renal failure in patients with cirrhosis, with particular emphasis 
on the pathogenesis, diagnosis, and management of HRS.

Diagnostic criteria
The diagnosis of renal failure in patients with cirrhosis is established 
when serum creatinine increases to > 1.5 mg/dL (133 µmol/L) which 
corresponds to a glomerular filtration rate (GFR) of approximately 
30 mL/min (Ginès et al., 2009; European Association for the Study 
of the Liver, 2010). Serum creatinine is the most accepted marker 
of GFR estimation in cirrhosis, but it has important drawbacks 
(Francoz et  al., 2010). Serum creatinine may overestimate GFR 
mainly due either to decreased creatinine production or reduced 
muscle mass. Additionally, a number of studies indicate that serum 
creatinine < 1.4 mg/dL does not necessarily exclude renal dysfunc-
tion (Papadakis and Areiff, 1987; Caregaro et al., 1994; Proulx et al., 
2005; Francoz et al., 2010). Creatinine clearance also overestimates 
GFR and is difficult to perform because it depends on the adequate 
collection of urine volume over 24 hours, which in many cases is 
inadequate. The estimation of GFR with the Cockcroft and Gault 
(1976) and Modification of Diet in Renal Disease (MDRD) equa-
tions are based on serum creatinine and therefore have not shown 
to be very useful in cirrhosis (Gonwa et al., 2004; Francoz et al., 
2010). The gold standard for measuring GFR in cirrhosis relies on 
clearance techniques of exogenous markers which allow the precise 
estimation of GFR. Inulin has been the most widely used marker as 
it is completely filtered by the glomerulus without being secreted, 
reabsorbed, synthesized, or metabolized by the ducts. Thus, after 
an intravenous (IV) infusion and at a stable concentration in 

healthy subjects, the amount filtered equals to the amount excreted 
in urine. However, this method is burdensome, expensive and 
not available in all settings. Other markers such as radiolabelled 
compounds (51Cr-EDTA, 99mTc-DPTA, and 125I-iothalamate) or 
iohexol/iothalamate are commonly used in some centres but they 
are expensive and expose the patient to radiation if used repeatedly.

New attempts at defining renal failure in cirrhosis using the acute 
kidney injury (AKI) definition have been proposed (Wong et al., 
2011; Angeli et al., 2015). The proposed definition of AKI in cir-
rhosis is an increase in serum creatinine of > 50% from baseline or 
a rise in serum creatinine of ≥ 26.4 μmol/L (≥ 0.3 mg/dL) in < 48 
hours, irrespective of whether the cause of the acute deterioration 
in renal function is related to a functional or structural disorder 
(Wong et al., 2011). A serum creatinine within the last 3 months 
before admission is considered a baseline value for the diagnosis 
of AKI when a value within the previous 7 days is not available. 
Although a single measurement of serum creatinine alone is prob-
ably inadequate for identifying and/or quantifying either acute or 
chronic renal disease in cirrhosis, repeated measurements over time 
may be useful in indicating variations of GFR in clinical practice.

Aetiology and epidemiology
There are a variety of causes of renal failure in cirrhosis (Table 169.1). 
These aetiologies are mainly classified as (1) renal failure associated 
with infections, (2) hypovolaemia-induced renal failure, (3) intrin-
sic renal diseases, (4) HRS, and (5) drug-induced renal failure. In 
patients with cirrhosis and ascites, the 1-year probability of devel-
oping HRS ranges between 18% and 23% at 1 year and increases up 
to 40–50% at 3–5 years of follow-up (Ginès et al., 1993; Montoliu 
et al., 2010) (Fig. 169.1). A systematic review of 74 studies showed 
that the overall median mortality in patients with cirrhosis and renal 
failure was 67%, with 58% mortality at 30 days and 63% mortality 
at 1 year (Fede et al., 2012a). In a large analysis of 562 hospitalized 
patients with cirrhosis and renal failure, the most frequent cause 
was that associated with bacterial infections (46%), followed by 
hypovolaemia-induced renal failure (32%), HRS (13%), parenchy-
mal nephropathy (9%), drug-induced renal failure (7.5%), mixed 
causes (8%), and other causes (2%) (Martin-Llahi et  al., 2011). 
Patients with intrinsic renal disease had a 73% survival at 3 months 
followed by a 46% survival in those with hypovolaemia-related 
renal failure. Those with renal failure associated with infections and 
HRS had the lowest 3-month survival probability, 31% and 15% 
respectively (Martin-Llahi et al., 2011) (Fig. 169.2).
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Diagnostic approach
Once a diagnosis is secured, it is essential to establish the aetiol-
ogy of renal failure before considering further management. 
Unfortunately there are no definite tests that tease out the different 
types of renal failure in cirrhosis. In most cases a detailed clini-
cal history, physical exam, and assessment of renal function with a 
thorough evaluation of urine and serum electrolytes will, in many 
cases, suffice for establishing the cause. A stepped care approach to 
renal failure in cirrhosis should be performed following a checklist 

where essential data must be obtained from the history, physical 
exam, laboratory data, and a renal ultrasound (Table 169.2). Renal 
ultrasonography needs to be performed in order to rule out the 
abnormalities in renal structure suggestive of chronic kidney dis-
ease or urinary tract obstruction. Data on biomarkers in the assess-
ment of renal failure in cirrhosis is limited and therefore cannot 
be routinely recommended in the workup of renal failure in cir-
rhosis. Since the diagnosis of HRS cannot be made with a specific 
test, its confirmation is currently made using criteria to exclude 
other causes of renal failure that can occur in cirrhosis. So, if after 
an extensive investigation there is no evidence of infection, hypo-
volaemia, administration of nephrotoxic drugs, or intrinsic renal 
diseases, then HRS should be considered the cause of renal fail-
ure. The diagnosis of HRS is based on specific clinical criteria that 
aim to exclude other causes of renal failure that are not functional 
(Table 169.3)—see below.

Bacterial infections
These are the most common cause of renal failure in cirrhosis. 
The pathogenesis is related to an impairment of the systemic arte-
rial vasodilation present in cirrhosis due to bacterial products, 
cytokines, or vasoactive mediators that appear in relation with the 
infection (Tandon and Garcia-Tsao, 2008). This occurs mainly in 
patients that develop spontaneous bacterial peritonitis (SBP) and 
spontaneous bacteraemia, but may occur with any bacterial infec-
tion (Fasolato et al, 2007; Montoliu et al., 2010; Martin-Llahi et al., 
2011). It is estimated that bacterial infections are present at admis-
sion or during hospitalization in 30–60% of patients. Of these, most 
are secondary to SBP; other common causes are urinary tract infec-
tion, pneumonia and bacteraemia (Fernández et al., 2002; Fasolato 
et  al., 2007)  which are due to both Gram-negative bacteria and 
aerobic Gram-positive bacteria. Approximately one-third of infec-
tions are community acquired, one-third healthcare associated, and 
one-third nosocomial (Fernández et  al., 2012). Unfortunately in 
those that are nosocomial and have positive cultures up to 35% are 
multiresistant to standard antibiotics (Fernández et al., 2012). Thus 

Table 169.1 Main causes of renal failure in patients with cirrhosis

1. Infections

a. Spontaneous bacterial peritonitis

b. Spontaneous bacteraemia

c. Urinary tract infection, pneumonia, skin infections

2. Hypovolaemia-induced renal failure

a. Vomiting, diarrhoea

b. Gastrointestinal bleeding (with or without shock)

c. Diuretic-induced

3. Hepatorenal syndrome

4. Intrinsic renal diseases

a.  Glomerulopathies—IgA nephropathy, membranous nephropathy, 
membranoproliferative glomerulonephritis, polyarteritis nodosa, 
cryoglobulinaemia due to viral hepatitis, or alcohol

b. Chronic kidney diseases due to diabetes, hypertension, or other causes

5. Drug-induced renal failure

a.  Haemodynamically induced—non-steroidal anti-inflammatory agents, 
angiotensin receptor blockers

b.  Acute tubular necrosis—aminoglycosides, amphotericin B, tenofovir, 
adefovir

c. Acute interstitial nephritis—penicillin, rifampin, and sulphonamides
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Fig. 169.1 Probability of developing hepatorenal syndrome in a series of patients 
with cirrhosis and ascites.
Reproduced with permission from Ginès, A., Escorsell, A., Ginès, P., et al. (1993). Incidence, 
predictive factors, and prognosis of the hepatorenal syndrome in cirrhosis with ascites. 
Gastroenterology, 105, 229–36.
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Fig. 169.2 Survival of patients with renal failure and cirrhosis according to 
aetiology of kidney disease. Patients with intrinsic renal disease had a 73% survival 
at 3 months followed by a 46% survival in those with hypovolaemia-related renal 
failure. Those with renal failure associated with infections and HRS had the lowest 
3-month probability, 31% and 15% respectively.
Reproduced with permission from Martin-Llahi, M., Guevara, M., Torre, A., et al. (2011). 
Prognostic importance of the cause of renal failure in patients with cirrhosis. Gastroenterology, 
140, 488–96.
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all efforts should be geared towards isolating the underlying cause 
of infection in these patients. Bacterial infections significantly 
increase mortality in patients with cirrhosis. A  meta-analysis of 
178 studies estimated that the overall mortality of infected patients 
with cirrhosis was 38% (Arvanti et al., 2010). The same analysis 
concluded that the mortality in those with SBP was 44% and in 
those with bacteraemia, the mortality was 42%. In any patient 
with cirrhosis that develops renal failure, the presence of a bacte-
rial infection should be meticulously sought after. This is particu-
larly true because the classic signs and symptoms of infection are 
not always present and may be even absent in some patients with 

cirrhosis. The mandatory workup consists of a complete blood cell 
count, liver chemistries, polymorphonuclear cell count in a sample 
of ascitic fluid, ascitic fluid cultures, urine sediment and culture, 
abdominal ultrasound, chest X-ray, and blood cultures.

Hypovolaemia
In hypovolaemia-induced renal failure the major mechanism 
responsible for renal hypoperfusion is a reduction in intravascular 
volume which, if severe, may lead to acute tubular necrosis (ATN) 
and a significant decrease of GFR (Ginès and Schrier, 2009). The 
main causes of hypovolaemia in cirrhosis are GI bleeding and 
over-diuresis due to excessive diuretic treatment as well as GI 
fluid losses due to vomiting and/or diarrhoea. In most cases, renal 
function improves after elimination of the precipitating cause and 
plasma volume expansion. Patients need to be thoroughly ques-
tioned about GI bleeding, and physical examination should include 
a rectal exam to rule out melena, bright red blood per rectum, or 
occult blood if GI bleeding is suspected. A nasogastric tube should 
be considered if there is a high suspicion of upper GI bleeding. 
Additionally, if patients were taking diuretics, marked weight loss 
during the days following their use suggests that they are the cause 
of renal failure. Patients with cirrhosis and GI bleeding require an 
important reduction in blood volume which in most cases is asso-
ciated with hypovolaemic shock in order to develop renal failure 
(Cardenas et al., 2001). In moderate to severe cases of GI bleeding 
(those requiring > 3 units of packed red blood cells), there is a 20% 
chance of developing renal failure. In mild cases this figure drops to 
< 5% (Cardenas et al., 2001). When hypovolaemic shock develops 
in patients with cirrhosis and GI bleeding, there is a 60% probabil-
ity of developing renal failure and mortality rates are very high.

Intrinsic renal diseases
Most intrinsic renal diseases are related to common aetiologic 
factors of cirrhosis, including chronic hepatitis B or C infection 
or alcoholic liver disease. Most encompass kidney diseases sec-
ondary to the deposition of circulating immunocomplexes in the 
glomeruli. The most common in hepatitis C are membranoprolif-
erative glomerulonephritis, membranous glomerulonephritis, and 
focal segmental glomerular sclerosis (Lhotta, 2002). Membranous 
nephropathy is commonly encountered in patients with hepatitis 
B and immunoglobulin (Ig)-A nephropathy in patients with alco-
holic cirrhosis. In some patients, the glomerular deposits are mild 
and do not affect kidney function, whereas in other patients they 
are so severe that GFR markedly decreases and renal failure devel-
ops. In patients with cirrhosis and renal failure due to intrinsic 
renal diseases, there is usually proteinuria or haematuria. Intrinsic 
renal disease is considered if there is either proteinuria > 500 mg/24 
hours, abnormal urine sediment with > 50 red cells per high power 
field, or abnormal renal ultrasound findings in the absence of other 
causes of renal failure (Ginès and Schrier, 2009). However some 
patients with renal failure due to chronic kidney disease may not 
necessarily meet the definition. Therefore, criteria for this defini-
tion are specific but lack sensitivity and thus need to be properly 
studied.

The role of kidney biopsy in the evaluation of renal failure in cir-
rhosis of unclear aetiology may be useful in selected cases. Findings 
demonstrating glomerulosclerosis or significant fibrosis in the 
renal parenchyma may require that the patient receive dialysis or a 
simultaneous liver–kidney transplant (if being considered for liver 

Table 169.2 Initial diagnostic checklist for patients with cirrhosis 
presenting with renal failure

Complete history to rule out:

Infections/sepsis

NSAID use, high doses of diuretics or other drugs

GI fluid losses and GI bleed

Diabetes, arterial hypertension

Urinary obstruction

Physical examination to document:

Volume status

Haemodynamics

Signs of infection

Laboratory data:

Routine blood count, serum creatinine, electrolytes and liver tests

Regular urine analysis, urine electrolytes, and sediment

24-hour urine volume, sodium, protein

Culture—ascites, blood, urine

Chest X-ray:

Rule out pneumonia and pleural effusion

Renal ultrasound:

Rule out obstructive uropathy or chronic kidney disease

Table 169.3 Diagnostic criteria of hepatorenal syndrome in cirrhosis

1. Cirrhosis with ascites

2. Serum creatinine > 1.5 mg/dL (133 µmol/L)

3.  No improvement of serum creatinine (decrease to a level < 1.5 mg/dL 
(133 µmol/L) (after at least 2 days off diuretics and volume expansion with 
albumin (1 g/kg body weight up to a maximum of 100 g/day)

4. Absence of shock

5. No current or recent treatment with nephrotoxic drugs

6.  Absence of signs of parenchymal renal disease, as suggested by proteinuria 
(> 500 mg/day) or haematuria (> 50 red blood cells per high power field), 
and/or abnormal renal ultrasound.

From Salerno Gerbes, A., Wong, F., et al. (2007). Diagnosis, prevention and treatment of the 
hepatorenal syndrome in cirrhosis. A consensus workshop of the international ascites club. 
Gut, 56, 1310–8.
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transplantation (LT)). In one retrospective study of 65 patients, 
renal biopsy showed the presence of glomerular, vascular, and tub-
ulointerstitial changes in 77%, 69%, and 94% of cases respectively 
(Trawale et al., 2010). Fibrous endarteritis was the most common 
renal vascular lesion and pathological changes to different struc-
tures were frequently combined. There were no reported com-
plications of transvenous renal biopsy. Another report of 44 liver 
transplant candidates with renal failure of undetermined aetiol-
ogy that underwent percutaneous renal biopsy revealed that IgA 
nephropathy and ATN were the most common findings; however, 
there was more than one pathological finding (i.e. interstitial fibro-
sis, glomerular sclerosis, or membranoproliferative disease) in 64% 
of patients (Wadei et  al., 2008). An unfortunate finding was the 
development of serious complications (mainly bleeding) requiring 
intervention in 18% of patients. Therefore the role of renal biopsy 
in patients with cirrhosis still needs be studied.

Hepatorenal syndrome
HRS is a prerenal renal failure without any identifiable kidney 
pathology that occurs in patients with advanced cirrhosis (Arroyo 
et al., 1996; Salerno et al., 2007). There are two types of HRS: type 1, 
a rapidly progressive form of renal failure with a grim prognosis, 
and type 2, a steadily progressive form of renal failure with a better 
short-term prognosis than type 1 (see below). Patients with very 
advanced liver disease display a profound disturbance in the sys-
temic circulation, characterized by a low arterial blood pressure, 
high cardiac output, and a decreased total systemic vascular resist-
ance (Schrier et al., 1988). This haemodynamic pattern is due to 
an intense arterial vasodilation occurring in the splanchnic vas-
cular bed that triggers a neurohormonal response with the activa-
tion of the renin–angiotensin-aldosterone system, the sympathetic 

nervous system, and the non-osmotic release of arginine vasopres-
sin (the antidiuretic hormone) aimed at maintaining arterial pres-
sure that eventually leads to vasoconstriction in several vascular 
beds, particularly the kidneys, decreasing the GFR (Fig. 169.3). As 
the disease progresses, splanchnic vasodilation worsens and this 
creates a vicious cycle that favours further activation of vasocon-
strictors (renin, noradrenalin (norepinephrine), and vasopressin), 
and ongoing renal vasoconstriction that establishes HRS. Although 
the kidney tries to counterbalance the effects of this vasoconstric-
tion with the intrarenal production of vasodilators such as prosta-
glandins, the incessant overproduction of vasoconstrictor factors 
overcomes their protective role and HRS ensues. In the early stages 
of cirrhosis, there is an increase in cardiac output that compen-
sates for a mild decrease in systemic vascular resistance, but in very 
advanced cirrhosis there is marked reduction in systemic vascular 
resistance for which the increased cardiac output cannot compen-
sate for with the development arterial underfilling of circulation 
(Arroyo and Fernández, 2011). Additionally, in the very advanced 
stages of cirrhosis, cardiac output drops which contributes to 
decreased effective arterial blood volume and decreased renal 
perfusion (Ruiz-del-Arbol et al., 2003, 2005; Krag et al., 2010). In 
recent years, several studies indicate that adrenal insufficiency (AI) 
in compensated and decompensated cirrhosis occurs in 26–64% of 
patients (Fede et al., 2012b). In those with ascites, it might play a 
role in the pathogenesis of HRS. Normal adrenal function is essen-
tial for an adequate response of the arterial circulation to endoge-
nous vasoconstrictors, thus AI could be an important contributory 
mechanism of circulatory dysfunction associated with renal failure 
induced by bacterial infections. In one study, AI was found in 80% 
of patients with HRS but only in 34% with serum creatinine < 1.5 
mg/dL (Tsai et al., 2006). Another study showed that in patients 
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Fig. 169.3 Proposed pathogenic mechanism of hepatorenal syndrome. Splanchnic vasodilation arising from portal hypertension, an increased plasma volume and 
a decreased cardiac output seem to play an equally important role in the decreased renal perfusion leading to HRS. The impairment effective arterial blood volume 
responsible for the activation of vasoconstrictor systems acting on renal circulation is a consequence of both a low systemic vascular resistance causing an abnormal 
distribution of blood volume and a low cardiac output relative to the markedly dilated arterial bed secondary to cirrhotic cardiomyopathy. AVP = arginine vasopressin; 
RAAS = renin–angiotensin–aldosterone system; SNS = sympathetic nervous system.
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with cirrhosis, sepsis, and AI treatment with hydrocortisone was 
associated with a rapid improvement in systemic haemodynam-
ics and a reduction of vasopressor requirements (Fernández et al., 
2006). More studies are needed to clarify the clinical importance of 
AI in cirrhosis and define the impact of corticosteroid supplemen-
tation in patients with liver disease and HRS.

Due to the lack of specific diagnostic markers, the diagnosis of 
HRS is made using accepted criteria that exclude other causes of 
renal failure that can occur in cirrhosis (Table 169.3) (Salerno et al., 
2007). There are two types of HRS: in type 1, HRS renal function 
deteriorates rapidly with an increase in serum creatinine to a level 
> 2.5 mg/dL in < 2 weeks. This type of HRS is associated with a 
very poor prognosis without treatment with a median survival time 
of only 2 weeks if untreated (Ginès et al., 1993; Alessandria et al., 
2005) (Fig. 169.4). In type 2 HRS, there is a steady impairment of 
renal function and serum creatinine levels usually range between 
1.5 and 2.5 mg/dL. Patients with type 2 HRS have a median survival 
time of 6 months if not transplanted (Fig. 169.4). Patients with type 
2 HRS may go on to develop type 1 HRS, either due to progres-
sion of disease or triggering factors such as bacterial infections. 
Although the differential diagnosis between HRS and ATN remains 
difficult and the presence of granular casts may be observed in the 
urine sediments of both HRS and ATN, if renal tubular cells are 
seen this favours the diagnosis of ATN (Ginès and Schrier, 2009).

Drug-induced renal failure
Drug nephrotoxicity in patients with cirrhosis may arise in patients 
taking diuretics, NSAIDs, antihypertensives, or drugs that can 
cause ATN, and/or acute interstitial nephritis (AIN) (Salerno and 
Badalamenti, 2005). Haemodynamically mediated renal failure 
is mainly caused by NSAIDs. These drugs alter the equilibrium 
between vasodilator and vasoconstrictor factors in the renal cir-
culation. NSAIDs inhibit the enzymes cycloxygenase-1 and 2 
which are responsible for prostaglandin synthesis. As described 
above, prostaglandins are important renal vasodilators that con-
tribute significantly in maintaining normal renal perfusion. The 
risk of developing renal failure due to NSAID administration is 
higher in patients with cirrhosis and ascites and increased activity 

of the vasoconstrictor systems (Brater et al., 1986). Renal failure 
after NSAID use is followed by a rapid improvement of the GFR 
to pre-treatment values after cessation of the drug in most cases. 
Diuretic-induced renal failure is usually moderate and reversible 
after diuretic withdrawal and is related to an imbalance between 
the fluid loss from the intravascular space caused by diuretic treat-
ment and the passage of fluid from the peritoneal compartment to 
the general circulation. Drug-induced ATN occurs mainly due to 
the use of aminoglycosides, amphotericin B, or vancomycin. Other 
drugs used in patients with chronic liver disease undergoing ther-
apy for hepatitis B that may cause renal toxicity are the antivirals 
adefovir and tenofovir. The specific mechanisms that lead to this 
toxicity are not completely understood. Thus, it must be taken into 
account that patients with cirrhosis and renal failure being treated 
may need to switch to an alternative antiviral such as lamivudine or 
entecavir. Finally, AIN may occur due to antibiotics such as penicil-
lin, rifampin, and sulphonamides as well as with NSAIDs, proton 
pump inhibitors, or allopurinol. In drug-induced AIN, there is an 
inflammatory component that affects the renal tubules and inter-
stitium and which occurs as a hypersensitivity reaction to medica-
tions. In most cases, renal failure will return to normal function 
after discontinuation of the offending agent.

Management
General measures
Successful management of patients with cirrhosis and renal fail-
ure depends on the prompt recognition of renal failure and of its 
underlying cause. Patients with severe AKI should be admitted to 
a monitored unit where an appropriate workup and therapy can 
be performed. If there is any suspicion of an associated bacte-
rial infection, in most cases third-generation cephalosporins are 
the initial treatment of choice while awaiting cultures (European 
Association for the Study of the Liver, 2010). Nonetheless, a very 
detailed history of past hospital admissions should be sought 
after because nosocomial infections and bacterial resistance ren-
der, in many cases, third-generation cephalosporins ineffective in 
these patients. Several multiresistant bacteria, especially extended 
spectrum beta-lactamase-producing Enterobacteriaceae, are com-
monly found in nosocomial and even healthcare-related infec-
tions, thus appropriate and alternate antibiotic coverage should be 
considered for these patients (Fernández et al., 2012). Patients with 
renal failure and severe sepsis may have associated relative AI and 
may benefit from hydrocortisone administration; however, more 
studies are needed in this area before recommending steroids in 
patients with advanced cirrhosis (Fede et al., 2012b). Patients with 
renal failure and hypovolaemia usually respond to volume reple-
tion (saline or colloids solutions) and management of GI bleeding 
if present. Most patients with drug-induced renal disease will have 
improved renal function upon discontinuation of the toxic drug. 
Patients with AKI that require therapy for large-volume ascites or 
oedema should not be treated with diuretics. These patients ben-
efit from large-volume paracentesis and administration of albumin 
(8 g/L of ascites removed) if necessary (European Association for 
the Study of the Liver, 2010). Although cirrhotic patients rarely 
develop renal failure after contrast media for radiological stud-
ies, they should undergo standard prophylactic measures such as 
saline hydration and monitoring of renal function after the proce-
dure. The main objective of patients with HRS, particularly those 
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Fig. 169.4 Probability of survival of patients with cirrhosis according to type of 
hepatorenal syndrome (HRS).
Reproduced with permission from Alessandria, C., Ozdogan, O., Guevara, M., et al. (2005). 
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awaiting LT, is reversing renal failure in order to provide a suc-
cessful bridge to transplantation. The best available therapy for 
HRS other than LT is the use of splanchnic vasoconstrictors plus 
albumin. Other modalities such as a transjugular intrahepatic por-
tosystemic shunt (TIPS), renal replacement therapy (RRT), and 
albumin dialysis may be useful in some patients, but data on these 
approaches is limited (Fig. 169.5).

Vasoconstrictors
The administration of vasoconstrictors is the best medical therapy 
currently available for the management of HRS. The rationale of 
this therapy is to improve circulatory function by causing vasocon-
striction of the extremely dilated splanchnic arterial bed, which 
subsequently improves arterial underfilling, reduces the activity of 
the endogenous vasoconstrictor systems, and increases renal perfu-
sion. The available vasoconstrictors used in HRS are vasopressin 
analogues (terlipressin) and alpha-adrenergic agonists (noradrena-
line (norepinephrine) or midodrine), which act on V1 vasopres-
sin receptors and a1 adrenergic receptors, respectively, present in 
vascular smooth muscle cells (Table 169.4). In most studies, vaso-
constrictors have been given in combination with IV albumin to 
further improve the arterial underfilling (Table 169.4). Most of the 
published data comes from the use of IV terlipressin for type 1 HRS 
(Uriz et al., 2000; Moreau, et al., 2002; Ortega et al., 2001; Halimi 
et al., 2002; Solanki et al., 2003; Alessandria et al., 2007; Neri et al., 
2008; Sanyal et al., 2008; Martin-Llahi et al., 2008; Triantos et al., 
2010; Gluud et al, 2010; Sagi et al., 2010; Narahara et al., 2012). 
Initial non-controlled studies showed a response rate of 60–75%. 
However, results from recent randomized controlled studies and 
systematic reviews indicate that treatment with terlipressin together 
with albumin is associated with a marked response rate of approxi-
mately 40–50% (Martin-Llahi et al., 2008; Sanyal et al., 2008; Gluud 
et al., 2010; Sagi et al., 2010).

Although there are no dose-efficacy studies, treatment is typi-
cally started with 1 mg/4–6 hours IV, and the dose is increased 
up to a maximum of 2 mg/4–6 hours after 3 days if there is no 
response to therapy as defined by a reduction of serum creatinine 
> 25% of pre-treatment values. Response to therapy is considered 
when there is marked reduction of the high serum creatinine 

levels, at least below 1.5 mg/dL, which is usually associated with 
increased urine output and improvement of hyponatraemia. The 
incidence of side effects requiring the discontinuation of treat-
ment is of approximately 7% (Sagi et al., 2010). Two randomized 
studies described previously (Martin-Llahi et  al., 2008; Sanyal 
et al., 2008) demonstrated that the overall population of patients 
treated with terlipressin and albumin do not have an improved 
survival compared to that of patients treated with albumin alone. 
Nonetheless, these studies had a low sample size which could 
have hindered a survival benefit of treatment. In any case, both 
studies showed that responders in terms of improvement of renal 
function after therapy had an improved survival compared to 
non-responders. Recurrence of HRS after withdrawal of therapy 
occurs in < 10% of patients and retreatment with terlipressin is 
generally effective (Sagi et al., 2010). Factors associated with poor 

Table 169.4 Pharmacological treatment of hepatorenal syndrome

Vasoconstrictors Terlipressin: 1 mg/4–6 h IV; the dose is increased up to a 
maximum of 2 mg/4–6 h after 3 days if there is no response 
to therapy as defined by a reduction of serum creatinine 
> 25% of pre-treatment values

Response to therapy is considered when there is marked 
reduction of the high serum creatinine levels, at least below 
1.5 mg/dL (133 µmol/L). Treatment is usually given from 5 
to 15 days

Midodrine and octreotide: midodrine 7.5 mg orally three 
times daily, increased to 12.5 mg three times daily if needed. 
Octreotide 100 micrograms subcutaneously three times 
daily, increased to 200 micrograms three times daily if 
needed

Noradrenaline (norepinephrine): 0.5–3 mg/h as continuous 
IV infusion aimed at increasing mean arterial pressure by 
10 mmHg. Treatment is maintained until serum creatinine 
decreases below 1.5 mg/dL

Albumin 
administration

Concomitant administration of albumin together with 
vasoconstrictor drugs (1 g/kg body weight at day 1 followed 
by 20–40 g/day)

Vasoconstrictors + albumin

Consider renal replacement
therapy**  

Response*  No response

Evaluate for liver transplantation

Candidate Not a candidate

yes
no

Vasoconstrictors + albumin
on

a case-by-case basis 

High priority for liver transplantation  

Type 1 hepatorenal syndrome

Stop after complete response or
until a maximum of 15 days ** 

Consider renal replacement
therapy in selected cases*** 

Fig. 169.5 Management strategy for patients with type-1 hepatorenal syndrome. * Response to therapy with vasoconstrictors plus albumin is considered when there is 
a reduction of serum creatinine to a level below 1.5 mg/dL. ** If there is recurrence, patients should be re-treated. *** Renal replacement therapy should be reserved for 
patients with severe volume overload, intractable acidosis or severe hyperkalaemia.
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response include a bilirubin level ≥ 10 mg/dL, no increase in mean 
arterial pressure > 5 mmHg, or lack of a drop in serum creatinine 
> 0.5mg/dL at day 3 of therapy (Nazar et al., 2010). In addition 
another study showed that patients with baseline serum creati-
nine < 5.6 mg/dL and receiving > 3 days of therapy achieved HRS 
reversal (Boyer et al., 2011). Finally a systematic review of studies 
concluded that an increase in mean arterial pressure during vaso-
constrictor therapy in patients with HRS was strongly associated 
with a decrease in serum creatinine which suggests that tailoring 
therapy to increase the baseline mean arterial pressure is ben-
eficial for these patients (Velez and Nietert, 2011). This indicates 
that less severe renal failure (i.e. lower serum creatinine) and an 
increase in mean arterial pressure during therapy are associated 
with a good probability of HRS reversal in those patients treated 
with terlipressin.

Alpha-adrenergic agonists (noradrenaline (norepinephrine), 
midodrine) represent an attractive alternative to terlipressin because 
of their low cost and wide availability (Angeli et al., 1999; Duvoux 
et al., 2002; Wong et al., 2004; Alessandria et al., 2007; Skagen et al., 
2009) (Table 169.4). However, the information on the efficacy and 
side effects of alpha-adrenergic agonists in patients with type 1 
HRS is still limited. A  recent controlled study that compared IV 
terlipressin and albumin versus octreotide/midodrine plus albu-
min in patients with type 1 HRS (Cavallin et al., 2015) showed that 
improvement of renal function was significantly better in patients 
receiving terlipressin and albumin (70.4%) than in patients treated 
with midodrine and octreotide and albumin (28.6%). This trial is 
the first that specifically compared both treatment regimens and 
the results indicate that terlipressin is superior to octreotide and 
midodrine and thus a preferred treatment option for patients with 
type 1 HRS.

There is limited data on use of vasoconstrictors plus albumin for 
patients with type 2 HRS. However, data from uncontrolled stud-
ies suggest that they are effective in decreasing serum creatinine 
levels in these patients. In two controlled studies, patients with 
type 2 HRS who received terlipressin plus albumin had a response 
between 67% and 88%, however few were treated with this strat-
egy in both studies (N = 13) and therefore more studies are needed 
in order to better define the role of vasoconstrictors plus albu-
min in the management of type 2 HRS (Alessandria et al., 2007; 
Martin-Llahi et al., 2008).

Transjugular intrahepatic portosystemic shunts
The use of portosystemic shunts for therapy of HRS has been 
suggested for years, but the applicability in patients with such 
advanced liver disease is very limited. Two small studies indicate 
that TIPS may improve GFR as well as reduce the activity of the 
renin–angiotensin–aldosterone system and the sympathetic nerv-
ous system in patients with type 1 HRS (Guevara et  al., 1998; 
Brensing et al., 2000). Although these studies included patients with 
advanced liver failure, they excluded those with a history of hepatic 
encephalopathy, Child–Pugh scores ≥ 12, or serum bilirubin  
> 5 mg/dL. Additionally, the applicability of TIPS in patients with 
type 1 HRS is low because TIPS is considered contraindicated in 
patients with features of severe liver failure and high MELD (model 
of end-stage liver disease) scores, which are common findings 
in the setting of type 1 HRS. The use of TIPS in type 2 HRS may 
improve renal function and reduce the risk of progression to type 
1 HRS, but these data would require confirmation in specifically 
designed studies (Ginès et al., 2002).

Renal replacement therapy and other 
dialysis methods
RRT, mainly haemodialysis, has been used in the management of 
patients with type 1 HRS, especially in patients who are candidates 
for LT, in an attempt to maintain patients alive until LT is performed 
or spontaneous improvement in renal function occurs (Gonwa and 
Wadei, 2012). Unfortunately, the potential beneficial effect of this 
approach has not been demonstrated in randomized studies com-
paring RRT with other forms of therapy such as vasoconstrictors. 
Most patients develop side effects during RRT which include severe 
arterial hypotension, bleeding, and infections that may contribute 
to death during treatment. Additionally, indications for RRT (severe 
fluid overload, acidosis, or hyperkalaemia) are uncommon in type 
1 HRS, at least in the early stages. Other methods such as the use of 
the molecular readsorbent recirculating system (MARS), an alter-
native of dialysis that clears albumin-bound substances, including 
vasodilators, is promising but more data are needed in order to 
consider it as a therapeutic device for HRS (Bañares et al., 2010). 
The results of a recent study using a fractionated plasma separation 
and adsorption extracorporeal liver support system, Prometheus, 
suggest that this technique improve survival in patients with type 
1 HRS and acute-on-chronic liver failure; however, these results 
require confirmation in larger studies (Kribben et al., 2012).

Liver transplantation
LT is the treatment of choice for patients with cirrhosis and HRS. 
Unfortunately a drawback of LT as a treatment modality for type 
1 HRS is the very high mortality rates many patients exhibit in the 
waiting list. This limitation is usually overcome by assigning these 
patients a high priority for transplantation. Since pre-transplant 
renal failure is an independent risk factor of both short-term and 
long-term post-transplantation patient and graft survival, all efforts 
should be made to improve renal function in order to obtain a better 
outcome after transplantation (Charlton et al., 2009). The reversal 
of both type 1 and 2 HRS before transplantation may help patients 
not only reach transplantation, but also reduce the relatively high 
morbidity after LT characteristic of HRS. An analysis of a cohort 
of patients with type 1 HRS treated with terlipressin and albumin 
versus albumin alone revealed that among those receiving terlipres-
sin plus albumin, the 6-month survival rates were 100% for patients 
that underwent LT (Boyer et  al., 2011). Interestingly, the group 
receiving only albumin and who underwent LT had a survival rate 
of 94% at 6 months. The survival rate was significantly better (47%) 
for those achieving a reversal of HRS versus those not achieving a 
reversal (4%). In the analysis, terlipressin did not confer a significant 
post-transplant survival benefit because the 6-month survival rate 
for both groups was similar. What is clear is that LT is beneficial for 
patients with type 1 HRS regardless of the type of treatment they 
receive. The advantage of using terlipressin in patients undergoing 
LT relates mainly to its effect of improving renal function which 
makes taking care of the patients easier while awaiting LT and, most 
likely, during the post-transplant period. More studies and a longer 
follow-up period are still needed to determine whether pre-LT ther-
apy of HRS actually will translate into better post-LT outcomes.

Prevention
HRS can be prevented in some clinical settings. In the patients with 
SBP, the risk of HRS is substantial, but it may be prevented with 
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the administration of IV albumin (1.5 g/kg at diagnosis of infec-
tion and 1 g/kg 48 hours later). This measure prevents worsening of 
circulatory dysfunction and the subsequent development of HRS. 
The rationale for albumin administration is to prevent further arte-
rial underfilling and subsequent activation of vasoconstrictor sys-
tems, which usually occur in the setting of SBP in patients with 
cirrhosis (Sort et al., 1999). The incidence of HRS in patients with 
SBP who receive albumin together with antibiotic therapy is 10%, 
compared with an incidence of 33% in those not receiving albumin 
(Sort et al., 1999). More importantly, there is improved survival in 
those receiving albumin (10%) versus those not receiving albumin 
(29%). In patients with very advanced liver disease, the long-term 
administration of norfloxacin orally (400 mg/day) prevents the 
development of HRS. In patients with ascitic fluid containing < 15 
g of proteins/L (1.5 g/dL) and associated liver and/or renal function 
impairment (bilirubin > 3 mg/dL, a Child–Pugh score > 10, serum 
sodium < 130  mmol/L, and/or serum creatinine > 1.2 mg/dL),  
norfloxacin reduces the risk of HRS and improves survival 
(Fernández et al., 2007). The reason why norfloxacin prevents this 
complication is likely related to its ability to prevent bacterial trans-
location, suppress proinflammatory cytokines, and improve circu-
latory function (Chin-Dusting et al., 1997; Rasaratnam et al., 2003). 
Finally, a large study showed that in the setting of acute alcoholic 
hepatitis, the use of N-acetylcysteine for 5 days plus prednisolone 
prevented death due to HRS. Mortality at 6 months was higher in 
the prednisolone-only group compared with the N-acetylcysteine 
group (22% vs 9%) (Nguyen-Khac et al., 2011).
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CHAPTER 170

Kidney/ear syndromes
Paul Goodyer

Introduction
The human embryo is only about 0.5 cm long at the time organogen-
esis begins at 3–4 weeks’ gestation. This involves a complex pattern 
of cell movements and the expression of genes or micro-RNAs that 
initiate differentiation cascades. The mammalian kidney develops 
from progenitor cells in the intermediate mesoderm, while com-
ponents of the external, middle, and inner ear arise from the sur-
face ectoderm and foregut endoderm. Why is it that some children 
are born with disturbances of these two organs that appear to be 
formed so independently? In some instances it may be explained by 
mutation of genes that are part of molecular developmental path-
ways shared by the kidneys and inner ear. It may also reflect muta-
tion of genes orchestrating shared physiologic pathways involving 
an epithelial layer and the fluid in which it is bathed. At times it may 
involve shared sensitivity to environmental influences such as toxic 
drugs. In any case, the interesting group of kidney/ear syndromes 
is the subject of this chapter.

Development of the kidney
In the early embryo, bilateral nephric ducts begin their descent 
towards the cloaca and express a discrete set of transcription fac-
tors, PAX2, PAX8, and GATA3 (Grote et al., 2006; and see Chapter 
343). Flanking each nephric duct are longitudinal columns of 
intermediate mesoderm containing quiescent progenitor cells 
that express transcription factors, including OSR1 EYA1, PAX2, 
SIX1, and SALL1, that organize secretion of glial cell-derived 
neurotrophic factor (GDNF) (Costantini and Kopan, 2010) (Fig. 
170.1A). At the appropriate level along the body axis, GDNF lev-
els are sufficient to elicit outgrowth of a ureteric bud from each 
nephric duct. As the ureteric buds penetrate the intermediate 
mesoderm, they begin to arborize and, at each branch tip, secrete 
molecular signals that induce the adjacent renal progenitor cells 
to cluster and express another wave of transcription factors (e.g. 
SIX2 and SALL1) (Fig. 170.1B). The mesenchymal progenitor 
cells undergo dramatic transformation to form polarized epi-
thelia lining a ‘renal vesicle’. This new vesicular structure twists 
into an S-shape (S), fusing at its distal end with the ureteric bud 
while capillary ingrowth forms the glomerulus at its proximal 
end. As the first nephrons are differentiating, the ureteric bud 
grows outwards, branches again, and induces another generation 
of nephrons from the renal progenitor pool. In humans, this pro-
cess is reiterated 18–20 times before nephrogenesis finally ends 
at 36 weeks’ gestation. At birth, nephron endowment is set for 
life and each kidney contains about 600,000–800,000 nephrons 
(Nyengaard and Bendtsen, 1992).

Development of the ear
Development of the human ear begins by the fourth week of gesta-
tion, when paired plates of surface ectoderm invaginate to form the 
otic pits. These pinch off from the surface to form the left and right 
otic vesicles (Wu and Kelley, 2012). In parallel, the external ear 
develops from surface ectoderm around the first branchial groove 
while the middle ear (tympanic cavity) is initiated from foregut 
endoderm. Cartilaginous centres from the first pharyngeal pouch 
are incorporated into the tympanic cavity and these will later ossify 
to form the ossicles that transmit sound waves to the inner ear.

In the second month of gestation, the otic vesicle divides into 
three parts: (a) the endolymphatic ducts and saccule, (b) a central 
expanded utricle, and (c) the cochlear duct (Fig. 170.2). The endo-
lymphatic ducts form semicircular canals and the expanded utricle 
is lined by sensory hair cells that contact the vestibular branch of 
the eighth cranial nerve. Thus, mechanostimulation of stereocilia 
by fluid movement of endolymph produces afferent signals that 
respond to sudden movements of the head that are critical for 
balance. Meanwhile, the cochlear duct forms 2.5 spirals and gives 
rise to the organ of Corti innervated by the cochlear branch of the 
eighth cranial nerve. Sound waves, conducted mechanically from 
the ear drum to the round window, move through the cochlear 
endolymph to the tectorial membrane within the cochlear canal. 
A highly organized layer of inner ear hair cells contact the tecto-
rial membrane and respond to movement by allowing an influx of 
potassium from the endolymph that activates acoustic nerve sig-
nals. Potassium-rich endolymph is secreted by the stria vascularis 
and is reabsorbed in a diverticulum of the central canal expressing 
a chloride/bicarbonate exchanger (pendrin).

As the inner ear develops, EYA1 initiates a molecular cascade 
involving SIX1 that is crucial for regional specification of sensory 
cells. The otic epithelium of homozygous mutant Eya1 or Six1 mice 
undergoes apoptosis and inner ear development is arrested (Zou 
et al., 2006). Normally, PAX2 and GATA3 are expressed in the otic 
vesicle and homozygous Pax2 mutant mice often lack an endolym-
phatic duct and have only a rudimentary cochlea (Burton et al., 
2004). GATA3 is more widely expressed in the inner ear than PAX2 
(Lawoko-Kerali et al., 2002), but even heterozygous inactivation of 
GATA3 causes progressive loss of cochlear hair cells.

Ear syndromes caused by mutant 
developmental genes
Mother Nature is parsimonious with developmental programmes 
that have taken a long time to evolve. Many such molecular cas-
cades are shared by organs that, on the surface, appear to be very 
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different. Although the kidney and ear have different embryologic 
origins and, in the end, serve very different functions, a number of 
kidney–ear syndromes represent the dysfunction of specific mutant 
genes that are required for development of both organs.

Branchio-oto-renal syndrome (OMIM 113650)
A syndrome of pre-auricular pits or branchial fistulae, deaf-
ness, and renal hypoplasia was noted in the nineteenth century, 
but the first detailed description of the autosomal dominant 
brancho-oto-renal (BOR) syndrome was in 1978 (Melnick et al., 
1978)  (see Chapter  358). Typical features include a mixed form 
of conductive/sensorineural hearing loss, with preauricular pits, a 

‘cup-shaped’ deformity of ear pinnae, external auditory canal steno-
sis, branchial fistulae, and renal anomalies including primary renal 
hypoplasia, ureteropelvic junction obstruction, and vesicoureteral 
reflux. Renal hypoplasia ranges from slightly reduced kidney size 
to bilateral renal agenesis with perinatal death (Chitayat et  al., 
1992) and may affect one kidney more than the other. Additional 
minor anomalies occurring in < 20% of BOR families were deline-
ated (Chang et al., 2004). The prevalence of BOR syndrome is about 
1:40,000 and affects 2% of children with profound deafness (Orten 
et al., 2008). The cochlea is hypoplastic and may be simplified; dila-
tation of the vestibular duct may be evident by magnetic resonance 
imaging (Chang et al., 2004). Renal hypoplasia is highly variable 
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and only 5–10% of BOR patients develop end-stage renal disease 
(ESRD) (Orten et al., 2008). A patient support group may be found 
online at <http://www.thecainfoundation.com>.

About 40% of BOR syndrome patients have heterozygous inac-
tivating mutations of the transcription factor EYA1 gene (8q13) 
(Abdelhak et al., 1997). Over 80 different mutations of EYA1 have 
been reported (Orten et al., 2008). EYA1 is expressed in mesenchy-
mal progenitor cells of the kidney and first branchial arch that gives 
rise to the auricles, auditory canal and ossicles of the ear; EYA1 is 
expressed in hair cells of the cochlea (Kalatzis et al., 1998). Thus 
EYA1 mutations cause renal hypoplasia, outer ear deformities, and 
conductive hearing loss.

Between 5% and 10% of BOR syndrome patients have mutations 
of genes belonging to the SIX transcription factor family. Several 
families bear mutations of SIX1 (Ruf et al., 2004) and nearly 5% 
have mutations of SIX5 (Hoskins et  al., 2007). SIX family genes 
participate in the EYA1 complex that regulates GDNF expression 
in progenitor cells (Costantini and Kopan, 2010). Although it has 
not yet been implicated in BOR syndrome, SIX2 is also crucial for 
progenitor cells prior to nephrogenesis (Park et al., 2012) and is 
expressed in the otic placode (Ghanbari et al., 2001). Thus, BOR 
syndrome is heterogeneous and can be caused by a variety of 
genetic lesions interfering with the EYA/SIX pathway which sets 
early cell fate in metanephric mesenchyme and in branchial arches 
linked to the inner ear.

Renal-coloboma syndrome (OMIM 120330)
Since the 1970s, paediatric nephrologists have recognized a rare 
autosomal dominant form of ‘oligomeganephronia’ in which renal 
hypoplasia and progressive proteinuric renal failure in childhood 
are associated with large glomeruli and optic nerve colobomas 
(Carter and Lirenman, 1970)  (see Chapter 360). Young children 
with this renal-coloboma syndrome (RCS; also known as papil-
lorenal syndrome) have proteinuria and hypertension, but pro-
gressive renal failure is variable and ESRD may be delayed until 
adulthood (Iatropoulos et al., 2012). RCS is caused by heterozygous 
mutations of the PAX2 gene; in some families there is associated 
vesico-ureteral reflux and high-frequency hearing loss (Eccles and 
Schimmenti, 1999). About 60 different PAX2 mutations have been 
described, the most common being a single base-pair insertion in 
the second exon (Porteous et al., 2000). In the heterozygous Pax2 
mutant mouse, loss of PAX2 increases apoptosis of ureteric bud 
cells and compromises ureteric bud arborization reducing congeni-
tal nephron number (Porteous et al., 2000). Pax2 is expressed in the 
developing inner ear where it interacts with EYA1 to regulate cell 
fate (Freter et al., 2012). A human PAX2 mutation registry (<https://
grenada.lumc.nl/LOVD2/PAX2/home.php>) has been established.

Hypoparathyroidism, sensorineural deafness, and 
renal disease syndrome (OMIM 146255)
Barakat et al. described two brothers with sensorineural deafness, 
hypoparathyroidism in infancy, steroid-resistant nephrotic syn-
drome, and ESRD by the end of the first decade (Barakat et  al., 
1977). Bilous et  al. recognized hypoparathyroidism, sensorineu-
ral deafness, and renal disease (HDR) as an autosomal domi-
nant syndrome in 1992 (Bilous et al., 1992). About 8 years later, 
it was shown that the syndrome is caused by heterozygous muta-
tions of the GATA3 gene on chromosome 10p14 (Van Esch et al., 
2000). Affected patients exhibit congenital hypocalcaemia with 

undetectable serum levels of parathyroid hormone and moderately 
severe high-frequency sensorineural deafness, requiring early use 
of hearing aids. Women also have malformation of the uterus and 
vagina. Renal dysplasia may lead to ESRD but is variable, rang-
ing from renal agenesis to normal-sized kidneys associated with 
vesicoureteral reflux. A summary of the disease is available via the 
Orphanet website: <http://www.orpha.net/consor/cgi>.

GATA3 belongs to a family of zinc-finger transcription factors 
and is expressed in the nephric duct, parathyroid glands, and inner 
ear during early gestation (Labastie et al., 1995). During embryo-
genesis, it is crucial for rostrocaudal descent of the nephric duct. 
Mice with homozygous Gata3 knockout develop multiple mis-
guided nephric ducts that fail to induce metanephric kidneys 
(Grote et al., 2006). During development of the inner ear, GATA3 is 
expressed in cochlear hair cells; mice bearing one null Gata3 allele 
have hearing loss (van Looij et al., 2006). GATA3 seems to function 
as a survival factor both in nephric duct and in hair cells.

Townes–Brocks syndrome (OMIM 107480)
In 1972, Townes and Brocks described a patient with imperforate 
anus, sensorineural deafness, minor anomalies of the external ear 
(pre-auricular tags and deformity of the superior helix), and mul-
tiple anomalies of the digits including missing bones and supernu-
merary thumbs (Townes and Brocks, 1972). Clinical features of the 
Townes–Brocks syndrome (TBS) (see Chapter 359) syndrome are 
now recognized to be more complex and include renal hypoplasia/
dysplasia (Sudo et al., 2010). About half of TBS patients have het-
erozygous mutations of the transcription factor gene SALL1 which 
can sometimes lead to ESRD; dominant-negative SALL1 mutations 
produce a slightly more severe disease (Faguer et al., 2009). A fam-
ily support group is available at <http://health.groups.yahoo.com/
group/Townes-Brocks-Syndrome>.

In developing mouse kidneys, SALL1 is expressed in the 
metanephric mesenchyme surrounding branches of the ureteric 
bud; Sall1 knockout mice lack outgrowth of the ureteric bud and 
die perinatally of renal agenesis (Nishinakamura and Osafune, 
2006). Recent studies suggest a role for Sall1 in progenitor cells 
of the kidney (Harrison et al., 2012), but the role of SALL1 in the 
developing ear has not been studied in detail. TBS patients have 
combined sensorineural and conductive hearing deficits associated 
with dysplasia of the ossicles of the middle ear and oval window of 
the cochlea (Izzedine et al., 2004). By inference, SALL1 must play 
some role in development of the middle ear from mesenchymal 
cells of the first branchial arch.

Ciliopathies and kidney/ear syndromes
In recent years, the non-motile primary cilium projecting from 
the surface of most cells has been ‘rediscovered’ by the biomedical 
community (Hildebrandt et al., 2011) (see Chapter 303). The cilium 
serves as a nexus for key intracellular signalling pathways that govern 
cell biology. Dysfunction of cilia on renal tubular cells is associated 
with various renal cystic diseases. Cilia also decorate the surface of 
hair cells in the organ of Corti and vestibular apparatus where they 
are essential for inner ear function (Wu and Kelley, 2012).

Bardet–Biedl syndrome (OMIM 209900)
Bardet–Biedl syndrome (BBS) (see Chapter 314) is a rare (1:50,000) 
multi-organ dysplasia characterized by obesity, rod-cone dystrophy, 
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mental retardation, polydactyly and hypogenitalism in association 
with various renal anomalies and deafness. Other features include 
diabetes, anosmia, situs inversus, and heart defects. BBS is geneti-
cally heterogeneous: about 80% of cases are linked to mutation of 
18 genes associated with the primary cilium, basal body, or cen-
trosomes (Forsythe and Beales, 2013). Renal anomalies are varia-
ble, ranging from complete renal agenesis (rare) to cystic dysplasia. 
Among 20 BBS patients from Newfoundland, half had developed 
hypertension but only 15% had developed ESRD by 31 years of age 
(Harnett et al., 1988). Retinal dystrophy is a cardinal feature of BBS 
and seems to reflect the central role of cilial signalling in the eye. 
Overt deafness is not usually listed as an important feature of BBS, 
despite studies implicating cilia in the physiology of inner ear hair 
cells. However, formal assessment identified hearing deficits at 1 
kHz and 4 kHz in 53% and 84% of BBS patients (Ross et al., 2005; 
Billingsley et al., 2010).

Alstrom syndrome (OMIM 203800)
In 1959, Alstrom described an autosomal recessive syndrome of 
blindness, profound hearing loss, type 2 diabetes, and obesity in 
children (Alstrom et  al., 1959)  (see Chapter  314). Sensorineural 
deafness progresses gradually and is severe in 10%. A  recent 
re-evaluation showed renal insufficiency in half of the 182 patients 
between 5 and 42  years of age (Marshall et  al., 2007). This was 
associated with widespread interstitial fibrosis on renal biopsy. The 
syndrome is caused by mutations in the ALMS1 gene encoding a 
protein localized at the cilial basal body (Hearn et al., 2002). Mice 
with an insertional mutation in Alsm1 have enlarged kidneys, dila-
tion of proximal tubules, and interstitial inflammation, but a mech-
anism linking the putative cilial function of ALMS1 to deafness and 
renal dysfunction is not yet established (Collin et al., 2005).

Genes required for specialized physiology 
in the kidney and ear
During terminal differentiation, cells express genes for specialized 
proteins that carry out organ-specific tasks. While the function of 
the ear and kidney are quite different, nature often utilizes the same 
tools in different ways. Along the renal tubules, secretory and reab-
sorptive epithelial transporters modify the makeup of tubular fluid 
to achieve whole-body electrolyte homeostasis. Similarly, epithelial 
cells of the inner ear regulate the makeup of endolymph to facilitate 
hearing. One subset of kidney–ear syndromes reflect shared physi-
ologic processes in the mature organ. (See Fig. 170.1C.)

Distal renal tubular acidosis with deafness 
(OMIM 267300)
In distal renal tubular acidosis (dRTA) (see Chapter  36), 
alpha-intercalated cells of the collecting duct are unable to secrete 
the daily metabolic acid load (about 2 mEq/kg/day). Infants with 
inherited forms of dRTA fail to thrive because of persistent acidosis 
from birth. In some families, the trait is restricted to the kidney 
(Batlle and Haque, 2012) as in (a) autosomal dominant dRTA due 
to heterozygous mutations of the chloride/bicarbonate exchanger 
gene SLC4A1 (Karet et al., 1998) and (b) autosomal recessive dRTA 
caused by homozygous mutations of the ATP6N1B gene, encoding 
the kidney-specific B subunit of the apical proton pump of interca-
lated cells (Smith et al., 2000). However, there are two additional 
forms of recessive dRTA in which patients also develop deafness. 

These involve mutant genes encoding the B1 and A4 subunits of 
the apical proton pump in kidney and cochlea (Karet et al., 1999; 
Stover et al., 2002). Loss of these subunits blocks urinary acidifica-
tion but also compromises acidity of endolymph bathing cochlear 
hair cells. Patients with homozygous mutations of ATP6V1B1 have 
dRTA from birth and develop deafness with aqueduct enlargement 
detectable by computed tomography (CT) scan during early child-
hood (3 months to 2 years) (Nikki et al., 2012). Despite nephro-
calcinosis, these patients do not typically develop renal failure as 
adults (Feldman et  al., 2006). Patients with mutations of the A4 
subunit gene (ATP6V0A4) are more common (about two-thirds of 
cases) but have milder, more variable deafness developing anywhere 
between early childhood and young adulthood (Vargas-Poussou 
et  al., 2006). A  patient registry is maintained by Orphanet at 
<http://www.orpha.net>.

Bartter syndrome with deafness (OMIM 602522)
In Bartter syndrome (see Chapter 31), defective salt reabsorption 
in the thick ascending limb of the loop of Henle (TALH) causes 
massive polyuria, volume contraction, hyper-reninaemia, meta-
bolic alkalosis, and failure to thrive. Normally, the TALH reabsorbs 
15–30% of filtered salt via the apical sodium–potassium–chloride 
cotransporter (NKCC2); potassium is recycled via the apical 
ROMK channel to the tubular lumen where it primes another 
round of cotransport. Sodium entering the cell is actively pumped 
across the basolateral membrane by Na/K-ATPase while chloride 
diffuses down its concentration gradient through two basolateral 
chloride channels, ClC-Ka and ClC-Kb. Both chloride channels 
must bind to a common protein (barttin) for proper targeting to 
the basolateral membrane.

Neonatal Bartter syndrome may involve homozygous mutations 
of the genes for NKCC2 or ROMK, but these channels are kidney 
specific and the ear is unaffected. In contrast, barttin and ClC-Ka 
are co-expressed in the thin limb of Henle’s loop and in stria vas-
cularis cells of the inner ear (Uchida et al., 1995; Hayama et al., 
2003). Infants born with homozygous mutations of the barttin 
gene (BSND) (Estevez et al., 2001) or digenic mutations of the two 
chloride channel genes (Schlingmann et al., 2004) display profound 
renal salt wasting and congenital deafness. These patients present 
with maternal polyhydramnios, premature birth, and severe elec-
trolyte disturbances (hyponatraemia, hypokalaemia, and metabolic 
alkalosis) in the newborn period. Deafness is apparent within the 
first year of life and massive salt wasting stimulates renin secre-
tion to levels 20–25 times the normal range (Shalev et al., 2003). 
Salt wasting is reduced by indomethacin therapy (2 mg/kg/day). 
In some (but not all) cases, ESRD associated with tubulointersti-
tial fibrosis develops in childhood (Park et al., 2011). Referral to 
cochlear implant centres improves speech perception and develop-
ment. Information about Bartter syndrome with deafness is found 
at <http://www.RareRenal.org>.

Barttin and ClC-Kb are co-expressed in the loop of Henle, dis-
tal convoluted tubule, and intercalated cells of the collecting duct 
as well as in cells of the stria vascularis and vestibular apparatus 
of the inner ear (Kobayashi et al., 2002). In response to vibrations 
conducted along the scala media, endolymph potassium normally 
enters outer hair cells via mechanosensitive channels. Potassium 
then cycles out of the hair cell, is taken up by a KCl co-transporter 
into adjacent Deiter cells, and is then transported via gap junctions 
to the stria vascularis. Cells of the stria vascularis make indirect 
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use of barttin-activated chloride channels to pump potassium 
back into the endolymph. Unlike the kidney, cochlear hair cells 
use the Na/K/Cl2 co-transporter to take up electrolytes from the 
basolateral surface and then recycle sodium via the basolateral 
Na/K-ATPase, accompanied by passive chloride efflux through the 
bartin-activated ClC-Ka and ClC-Kb channels. The only path for 
efflux of potassium is into the endolymph via KCNQ1 channels at 
the apical surface.

Alport syndrome (OMIM 301050, 203780)
Alport syndrome (see Chapter  321) is a hereditary progressive 
nephropathy associated with deformity of the ocular lens, reti-
nal disease, and high-tone sensorineural deafness due to loss of 
cross-linking type IV collagens which are crucial for basement 
membrane assembly (Kruegel et al., 2013). Alport syndrome affects 
about 1:5000 people worldwide and causes about 2% of ESRD in 
adults. Nearly 85% of cases are due to inactivating mutations of the 
COL4A5 gene on the X chromosome (Kashtan, 2007). Autosomal 
recessive mutations of COL4A3 and COL4A4 genes on chro-
mosome 2 account for < 10–15% of cases and a few families are 
affected by dominant negative missense mutations in these genes 
(Pescucci et al., 2004). In families where the inheritance pattern is 
unclear, diagnosis can now be made efficiently by next generation 
sequencing of all three genes (Artuso et al., 2012).

Affected males present in childhood with microscopic haematu-
ria and patchy segments of thickened glomerular basement mem-
brane. Loss of type IV collagen cross-linking weakens the α3/α4/α5 
collagen network of the lamina densa which must contend with 
the pulsatile stretch of the glomerular capillary while providing a 
secure substratum for podocytes. With time, the helical multicol-
lagen strands are frayed, producing a ‘basket-weave’ appearance on 
electron micrographs. Onset of proteinuria reflects damage to the 
glomerular podocytes. ESRD occurs in > 90% of affected males by 
age 40; about 12% of females with X-linked Alport syndrome also 
develop proteinuria and progressive renal insufficiency (Kashtan, 
2007). A retrospective analysis has shown that early intervention 
with angiotensin-converting enzyme inhibitors in proteinuric chil-
dren dramatically slows the progression of renal dysfunction (Gross 
et al., 2012). Prospective studies are under way. Practice guidelines 
from experts in Australia and North America emphasize genetic 
testing for the diagnosis of Alport syndrome; the need to follow all 
members of a family with X-linked Alport syndrome; early treat-
ment of males with X-linked Alport syndrome and individuals with 
autosomal recessive disease with renin–angiotensin system block-
ade; and discouraging the affected mothers of males with X-linked 
Alport syndrome from renal donation because of their own risk of 
kidney failure (Kashtan et al., 2013).

Hearing loss is not congenital but begins in nearly half of affected 
males by age 10 and in 85% during adulthood. Deafness also devel-
ops in some women with X-linked Alport syndrome (Rheault, 
2012) and in recessive Alport syndrome (Zhang et al., 2012). Both 
COL4A3 and COL4A5 are expressed in the basilar membrane and 
the spiral ligament of the cochlea (Zehnder et al., 2005). Basement 
membrane abnormalities are associated with cellular infilling of 
the tunnel and extracellular spaces of the organ of Corti (Merchant 
et al., 2004). Thus, mutation of all Alport genes is thought to cause 
sensorineural hearing loss by compromising cochlear micro-
mechanics. Thus far, there does not appear to be a therapeutic 

intervention that ameliorates progressive hearing loss in Alport 
syndrome. Updates on Alport syndrome are available through 
the Alport Syndrome Foundation (<http://www.alportsyndrome.
org>). An Alport Syndrome Treatment and Outcomes Registry 
(ASTOR) has been established.

MYH9-related syndromes (OMIM 160775)
Mutations of the non-muscle myosin MYH9 gene (2q11) (see 
Chapter 342) cause four autosomal dominant syndromes (Epstein, 
Fechtner, Sebastien, and May–Hegglin syndromes) which include 
high-frequency sensorineural deafness, glomerulopathy with pro-
gressive renal insufficiency, and structural anomalies of circulating 
platelets and leucocytes (Balduini et al., 2011). It is now thought 
that these four syndromes represent phenotypic variability of a 
single MYH9-related disease. MYH9 encodes the heavy chain of 
a myosin that binds directly to actin filaments and seems to be 
involved in disassembly of the cytoskeleton during cell movement. 
It is expressed in the endothelium, various haematopoietic line-
ages and in a variety of tissues, including the kidney where it is 
expressed in both podocytes and tubules (Arrondel et al., 2002). 
The natural history of the disease was tracked in nine Japanese 
patients with heterozygous mutations of the R709 codon (Sekine 
et al., 2010). At presentation, most patients were thought to have 
idiopathic thrombocytopenia; platelets were large but reduced in 
number. Leucocytes showed granular inclusions (myosin heavy 
chain precipitates). The patients developed proteinuria and micro-
scopic haematuria between 2 and 12 years of age with progressive 
renal insufficiency during adolescence, leading to ESRD between 
15 and 20 years of age. In one case, serial renal biopsies showed only 
podocyte foot process effacement and focal glomerular basement 
membrane thickening by the end of the first decade. However, in 
the early teens, progressive renal insufficiency was heralded by the 
appearance of focal segmental glomerulosclerosis. Hearing impair-
ment was evident before the age of 5 and all cases became com-
pletely deaf in early adulthood (Sekine et al., 2010). Early cochlear 
implantation may be important (Hildebrand et al., 2006).

COQ6 mutations and focal segmental 
glomerulosclerosis (OMIM514650)
In 2011, seven families with an autosomal recessive form of focal seg-
mental glomerulosclerosis (FSGS) (see Chapter 327) and deafness 
(Heeringa et al., 2011) were found to have homozygous missense 
mutations in the gene (COQ6) encoding coenzyme Q10 biosyn-
thesis mono-oxygenase. Index cases were drawn from Northern 
Lebanon and Turkey, where there is a founder mutation. A sub-
sequent screen of 530 FSGS families identified two heterozygous 
COQ6 missense mutations; in one of these individuals, proteinuria 
was partially responsive to ciclosporin therapy. However, none of 
the 11 individuals with homozygous mutations were responsive to 
immunosuppressive therapy (Heeringa et al., 2011). Patients with 
homozygous COQ6 mutations typically present with proteinuria 
at about 1 year of age. Renal biopsies show FSGS at presentation 
and patients develop end-stage renal failure by the age of 3 years. 
Deafness was accompanied by neurologic symptoms including sei-
zures and ataxia in some individuals (Heeringa et al., 2011).

COQ6 is required for synthesis of CoQ10, a mitochondrial pro-
tein that participates in oxidative metabolism by shuttling elec-
trons from early complexes I and II to complex III of the electron 
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transport chain. Interestingly, two children were treated with 
CoQ10 supplements (2 mg/day). In rats, they were able to show that 
the COQ6 gene is expressed in podocytes and in the stria vascularis 
of the inner ear (Heeringa et al., 2011).

There are reports of patients with deafness and renal failure 
caused by mutations in other mitochondrial genes, including 
cytochrome b and tRNA(cys) (Feigenbaum et al., 2006). (See also 
Chapter 340.)

SeSAME/EAST syndrome (KCJN10) (OMIM 612780)
Mutations of the inwardly-rectifying potassium channel gene 
KCNJ10 cause an autosomal recessive syndrome of epilepsy, ataxia, 
sensorineural deafness and renal tubulopathy (EAST) syndrome 
(Bockenhauer et al., 2009) (see Chapter 31). KCNJ10 is expressed 
in the renal distal convoluted tubule and cortical TALH and in 
the stria vascularis of the cochlea (Reichold et al., 2010). Loss of 
KCNJ10 in the kidney mimics the features of Gitelman syndrome, 
and causes hypokalaemic alkalosis, hypomagnesaemia, and hypoc-
alciuria that gradually appear between 5 and 8 years of age (Scholl 
et al., 2012).

Kidney/ear syndromes caused by drug 
toxicity
Numerous therapeutic drugs cause damage to the kidney and ear, 
but gentamicin and cisplatin classically target these two organs. 
Although the mechanisms are not fully understood, the selective 
injury to proximal tubular cells of the kidney and marginal cells of 
the stria vascularis appears to depend on specific systems to take up 
and concentrate each drug in these tissues.

Gentamicin toxicity
Following therapeutic doses of gentamicin (see Chapter  362), 
10–20% of patients exhibit a modest rise in serum creatinine and 
shed cellular and granular casts into the urinary sediment. Among 
cystic fibrosis patients who develop acute kidney injury, prior treat-
ment with gentamicin therapy is a major risk factor (Smyth et al., 
2008). Among adults treated with gentamicin for endocarditis, cre-
atinine clearance falls by 0.5% for each day of therapy (Buchholtz 
et  al., 2009). Two per cent of children who receive gentamicin 
transiently develop overt hearing loss (Echeverria et al., 1978). In 
adults, both hearing loss (17%) and vestibular dysfunction (30%) 
may be higher (Scheenstra et al., 2009). Among 103 adults with 
bilateral vestibular dysfunction following gentamicin (average of 
3.5 mg/kg/day), only three had overt deafness (Ahmed et al., 2012). 
Although 20% first noted imbalance during gentamicin treatment, 
presentation was often delayed for years.

Recent studies with fluorescent-tagged drug indicate that gen-
tamicin is selectively taken up via multivalent TRPV1 channels and 
concentrated by renal proximal tubular cells, cochlear hair cells 
and cells of the stria vascularis (Dai and Steyger, 2008). Following 
gentamicin treatment of newborns, significant increase in urinary 
excretion of the proximal tubular marker, kidney injury marker-1 
(KIM-1), is evident for several days (McWilliam et al., 2012). In the 
ear, intracellular gentamicin generates free oxygen radicals which 
induce apoptotic cell death of inner ear hair cells.

In a study of 40 haemodialysis patients receiving 2 weeks of gen-
tamicin therapy for catheter-related infections, administration of 
the antioxidant, N-acetylcysteine, significantly reduced ototoxicity 

assessed 1 and 6 weeks after antibiotic treatment (Feldman et al., 
2007). Benefit from mitochondria-targeted antioxidants has been 
reported (Ojano-Dirain and Antonelli, 2012).

Some individuals are at especially high risk of aminoglyco-
side toxicity and may develop irreversible deafness after a single 
dose of gentamicin. These individuals belong to families (0.2% of 
Europeans) with maternal transmission of the mitochondrial DNA 
A1555G mutation which enhances gentamicin binding to the mito-
chondrial ribosome (Qian and Guan, 2009). Individuals carrying 
this A1555G mutation may develop deafness without drug expo-
sure, but have > 95% risk of irreversible deafness if treated with 
gentamicin (Qian and Guan, 2009). It will be important to assess 
the effect of this mutation on nephrotoxicity in future studies.

Cisplatin toxicity in the kidney and ear
When cisplatin (see Chapter 362) chemotherapy was first intro-
duced, nearly 70% of patients developed acute kidney injury 
(Launay-Vacher et al., 2008) and two-thirds also develop signifi-
cant hearing loss (Dean et al., 2008). Although dose adjustment 
and intravenous hydration have improved tolerance to the drug, 
nephrotoxicity, and ototoxicity remain significant problems. In a 
study of 763 childhood cancer survivors studied 18 years later, esti-
mated glomerular filtration rate was reduced by about 20% in those 
exposed to cisplatin (Dekkers et al., 2013).

Following a therapeutic dose of cisplatin, about 50% of the drug 
is excreted in the urine within 24 hours. However, it is specifically 
taken up by cells of the S3 segment of the renal proximal tubule 
and marginal cells of the stria vascularis and accumulates to lev-
els many times the plasma concentration (Launay-Vacher et al., 
2008). The uptake mechanism is unknown but does not involve 
the p-aminohippurate-inhibitable organic anion transport sys-
tem. Once in the cell, cisplatin forms intrastrand cross-links 
between guanines of DNA in the nucleus and binds to a vari-
ety of cytoplasmic proteins; both events contribute to apoptotic 
cell death (Sheikh-Hamad, 2008). Within 48 hours of cisplatin, 
polyuria is noted, followed by a drop in glomerular filtration rate. 
Damage is not limited to the proximal tubule since magnesium 
wasting and distal renal tubular acidosis are prominent toxicities. 
In the ear, animal studies demonstrate selective damage to stria 
vascularis cells, fall of endocochlear potential, and loss of hearing 
within 24 hours of a high dose (16 mg/kg); repeated lower doses 
appear to produce toxicity in cochlear hair cells as well (Thomas 
et al., 2006).
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CHAPTER 171

Kidney/eye syndromes
Friederike Mackensen, Vedat Schwenger, 
and Heiko Billing

Overview
The eyes are the gateway to the soul.

Herman Melville

How can findings in the eye prompt a diagnosis of a renal disease? 
And vice versa, how can the diagnosis of renal disease lead to an 
ophthalmologic consult to rule out eye disease?

A study on patients with chronic kidney disease revealed reti-
nal pathologies in up to 25% of patients (Grunwald et al., 2010). 
Hypertensive and diabetic changes are by far the leading causes, but 
other entities as detailed in this chapter can also be found.

Of interest are the common pathways of kidney and eye dis-
ease. For example, type II membranous glomerulonephritis is 
characterized by the deposition of abnormal electron-dense mate-
rial within the glomerular basement membrane of the kidney and 
within Bruch’s membrane in the eye. The pathophysiologic basis 
is uncontrolled systemic activation of the alternative pathway of 
the complement cascade (Appel et al., 2005). In most patients, loss 
of complement regulation is caused by C3 nephritic factor, but in 
some patients, mutations in the factor H gene have been identi-
fied, a pathogenetic pathway also associated with one of the most 
frequent eye diseases, age-related macular degeneration (AMD) 
(Edwards et al., 2005; Klein et al., 2005). In Alport syndrome or 
hereditary nephritis, a number of patients show ocular abnormali-
ties that are clearly related to defects in the basement membrane, 
but vary in frequency depending on gender and the genetic back-
ground (and thus the collagen chains affected) (Savige and Colville, 
2009). One possible retinal manifestation is a dot-like retinopathy 
that is reminiscent of Drusen in dry AMD, but unlike this is not 
related to complement factor H (Liu et al., 2009). Recognizing the 
pathognomonic ocular changes can be helpful to lead to a diagnosis 
of Alport syndrome. Thus, retinal examination can be a highly sen-
sitive and specific diagnostic test for Alport syndrome.

Another disease that affects kidney and eye is the tubulointersti-
tial nephritis and uveitis (TINU) syndrome. Genetic studies have 
revealed an association with human leucocyte antigen DRB0102 
(Levinson et al., 2003), which could not be shown in the isolated 
nephritis (Mackensen et al., 2011). Other case reports have found 
autoantibodies against renal and retinal antigens in these patients 
(Wakaki et al., 2001; Abed et al., 2008). A hypersensitivity reaction 
that may be triggered by medications or a viral infection in a genet-
ically susceptible individual is suspected. But why the immune 

system is activated to attack exactly these two organs at the same 
time remains unclear for the moment.

Abnormalities of the eye are common in patients on dialysis or 
after kidney transplantation and include (steroid-induced) cataract 
and opportunistic ocular infections. A transient cortical blindness 
can occur in severe uraemic states. On the other hand, ophthalmol-
ogists may indicate systemic immunosuppression, as ciclosporin 
after corneal transplantation may be harmful to renal function and 
thus requires monitoring by a nephrologist.

Another common interest between ophthalmologists and neph-
rologists in the near future may be to monitor treatment effects 
with the new imaging tools ophthalmology provides (e.g. in vivo 
confocal microscopy for corneal changes) (Guthoff et al., 2009).

To mimic the approach from eye findings to a diagnosis of renal 
disease, we decided to order this chapter following the anatomy of 
the eye, that is, the most frequently affected part of the eye. A sum-
mary is given in Table 171.1. If a specific ocular treatment modality 
exists, it will be mentioned at the end of each section.

Anterior segment changes
Adnexae
Congenital

u Duane’s anomaly in acro-renal syndrome, less frequently micro-
cornea, uveal and optic nerve coloboma. Duane’s anomaly com-
prises a defect in ocular motility with a limitation of abduction 
with narrowing of the palpebral fissure and globe retraction on 
adduction.

u Amyloidosis is characterized by extracellular deposits of 
low-molecular-weight fibrils. Several variants, hereditary and 
acquired, are known. The kidney is one of the most common 
sites of amyloid deposition. The most frequent subtypes with 
renal involvement are the AL (as a consequence of immu-
noglobulin light chain disease) and the AA (due to ongoing 
inflammation) variants. Renal amyloid fibrils are predominantly 
deposited in the glomeruli, and therefore clinically associated 
with asymptomatic proteinuria. However, amyloid deposition 

 

 

 

 

 



Table 171.1 Summary of diseases and syndromes that affect kidney and eye according to the part of the eye affected

Amyloidosis Alport syn. Cystinosis Fabry 
disease

Acro-renal 
syn.

Nephrotic 
syn.

Vasculitis Nephrogenic 
systemic fibrosis

LCAT-  
deficiency

Rathbun, WAGR-, 
Cat-Eye syn.

Pierson syn.

Adnexae Lid papules, purpura, 
oculomotor defects

Lesions Duane´s 
anomaly

Lid 
oedema

Conjunctiva Nodules Telangiectasia

Sclera Scleritis yellow plaques

Cornea Dystrophy-like Erosion, posterior 
dysmorphous 
dystrophy

Cystin 
crystals

Cornea 
verticillata

Microcornea Opacity Megalo-cornea, 
posterior 
embryo-toxon

Iris Pupillary abnormalities Nodules, 
hyphaema

Coloboma (Uveitis) Aniridia Microcoria

Lens Anterior lens capsule 
deposits

Anterior lenticonus, 
subcapsular cataract

Subcapsular 
cataract

Cataract

Vitreous Opacities Persistent 
vasculature

Retina Deposits Dot-and-fleck 
Retinopathy

crystals Retinopathy Detachment

Nerve Neuropathy

Nail-patella syn. Oculocerebrorenal 
syn.

Von Hippel–Lindau 
disease

Galactosaemia Oxalosis Nephronophthisis, 
Bardet–Biedl, Alström syn.

Hypertension, 
diabetes

Type II 
glomerulonephritis

Papillorenal 
syn.

DIDMOAD

Adnexae Strabismus

Conjunctiva

Sclera

Cornea Keratoconus, 
microcornea

Iris pigmentation 
(Lester sign)

Lens microphacia, 
cataract

Bilateral cataract Cataract

Vitreous

Retina Haemangioblastoma Flecked 
retinopathy

Retinitis pigmentosa like Retinopathy Drusen

Nerve Empty Disc Atrophy
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may be limited to vessels and then associated with renal failure 
rather than proteinuria. All parts of the eye have been reported 
to be affected by primary (AL) or familiar amyloidosis; second-
ary (AA) amyloidosis usually spares the eye (Brownstein et al., 
1970). The more frequent effects are subconjunctival and peri-
orbital haemorrhage and amyloid papules of lid or conjunctiva. 
Pupillary abnormalities and oculomotor dysfunction occur. 
Amyloid deposits in tear gland, cornea, lens, vitreous, and retina 
have been found.

u Lid oedema in nephrotic syndrome, which is caused by hypoalbu-
minaemia and consecutive decreased capillary oncotic pressure. 
Frequent causes of nephrotic syndrome are membranous glo-
merulonephritis, focal segmental glomerulosclerosis, minimal 
change disease, immunoglobulin A nephropathy, membrano-
proliferative glomerulonephritis, diabetic nephropathy and 
renal involvement in amyloidosis.

Conjunctiva
Acquired

u  Keratoconjunctivitis: a typical and frequent sign of rheumatic 
diseases, that may also affect the kidney, is Sicca syndrome in 
Sjögren syndrome, rheumatoid arthritis, and systemic lupus. 
Patients complain about burning, foreign body sensation, 
and itching of the eyes. These symptoms significantly reduce 
patients’ quality of life and they increase with computer work 
and/or reading.

Treatment
Generally lubricants, so-called artificial tears, of high viscosity and 
frequent application are helpful. In severe cases of conjunctivitis, 
short-term application of topical corticosteroids can be helpful; if 
needed, longer-term, topical 1–2% ciclosporin eye drops will be given. 
Punctum plugs, or permanent closure of the tear duct, are mechanical 
measures as are bandage contact lenses. In very severe cases, autolo-
gous serum eye drops or serum albumin eye drops are given.

Sclera
Acquired

u  Scleritis is the most common eye involvement in antineutrophil 
cytoplasmic antibody-associated vasculitides. Granulomatosis 
with polyangiitis (Wegener granulomatosis) is the most com-
mon cause of scleritis in patients with systemic vasculitides. 
Uveitis has been seen anecdotally (Smith et al., 2007).

u  Nephrogenic systemic fibrosis or nephrogenic systemic der-
mopathy which occurs not exclusively in dialysis patients, but in 
renal failure patients after exposure to gadolinium magnetic res-
onance imaging contrast agents: asymptomatic scleral involve-
ment can be seen in as many as 75% of cases. Patients present 
with telangiectasia mimicking conjunctivitis and later yellow 
scleral plaques can be seen (Knopp and Cowper, 2008).

Cornea
Congenital

u  Amyloidosis:  corneal dystrophy-like changes can be observed 
which may be amyloid fibrils or immunoglobulin deposits and 
can lead to vision disturbance (Ruprecht and Naumann, 1997).

u Cystinosis is a genetic defect (caused by a CTNS gene mutation) 
of lysosomal transport of cystine leading to increased intralyso-
somal cystine accumulation in several organ systems. Cystine 
crystals in the cornea are seen as early as 1–2  years of age, a 
bronze-like picture, and lead to photophobia (see Fig. 171.1). It 
is an early symptom in 85% of the patients (Gahl et al., 2000). 
Retinal crystals are sometimes seen. Renal involvement presents 
as Fanconi syndrome and without a cystine-depleting therapy 
leads to terminal renal failure by the end of the first decade or 
even earlier.

u Alport syndrome: a primary basement membrane disorder aris-
ing from mutations in genes encoding several members of the 
type IV collagen protein family. Affected are basement mem-
branes of the kidney (leading to progressive renal insufficiency), 
cochlea (causing hearing loss), and eye. Recurrent corneal ero-
sion has been seen more frequently in patients with Alport syn-
drome than in controls and therefore in a young patient, should 
trigger suspicion of Alport syndrome (Rhys et al., 1997). Other 
ocular features include posterior dysmorphous corneal dystro-
phy, anterior lenticonus, and dot-and-fleck retinopathy (Colville 
and Savige, 1997). Renal symptoms begin early in childhood with 
persistent microscopic haematuria in male patients, regardless of 

(A)

(B)

Fig. 171.1 (A) Slit-lamp photograph of an 8-year-old female with cystinosis.
(B) Figure shows the light breaking cystine crystals in the cornea in larger 
magnification.
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genetic type, whereas females with Alport syndrome may have 
persistent or intermittent haematuria (autosomal recessive or 
heterozygous X-linked Alport syndrome). Equally, the further 
course of developing end-stage renal disease (ESRD) is strongly 
gender dependent. ESRD may develop at age 25 years in 50% or 
even earlier (Jais et al., 2003).

u Fabry disease: eye involvement in almost all patients with Fabry 
disease includes whorl-like corneal deposits (cornea verticillata), 
which do not cause symptoms or compromise visual function. To 
see these deposits, slit-lamp examination may be necessary. They 
are similar to changes caused by systemic drugs such as amiodar-
one or chloroquine, but can be distinguished by appearance and 
history. Corneal lesions may be used to monitor treatment effect. 
Further lesions of the eye lids, iris nodules, recurring hyphaema 
and a subcapsular cataract can be seen (Sodi et al., 2006). Renal 
involvement in Fabry disease is common and increases with 
age. All patients develop ESRD over time. The renal pathology 
reveals accumulation of a degradation product of glycosphin-
golipid mainly in podocytes and tubulus cells. Renal pathological 
changes such as tubulointerstitial fibrosis and glomerular dam-
age are closely associated with the residual alpha-Gal A activity.

u Lecithin:cholesterol acyl transferase (LCAT) deficiency (focal glo-
merulosclerosis that leads to renal failure): severe corneal opaci-
ties (isolated form fish eye disease, DD Tangier disease without 
renal involvement, and Schnyder corneal dystrophy). Familial 
LCAT deficiency is associated with hypertriglyceridaemia, nor-
mochromic haemolytic anaemia, and proteinuria. The prognosis 
for this form depends on the extent to which the disease affects 
renal function: the accumulation of abnormal lipoproteins in the 
kidneys may lead to renal insufficiency.

Acquired

u Calcium deposits in the interpalpebral cornea and conjunctiva 
caused by hypercalcaemia in renal failure. Band keratopathy can 
lead to vision disturbance and sometimes corneal erosion.

Treatment
In case of vision disturbing band keratopathy, one would be abrad-
ing the calcium deposits after applying chelating agents. In rare 
cases, corneal dystrophies will require a corneal transplant to reha-
bilitate the vision, as the underlying disease persists the transplant 
may become affected over time. In recurrent corneal erosion, apply-
ing artificial tears and bandage contact lenses is helpful. Treatment 
of the corneal deposits in cystinosis with cysteamine eye drops has 
shown promise (Gahl et al., 2000).

Iris
Congenital

u Syndromes with aniridia:  aniridia is a rare ocular disorder. It 
occurs because of mutations in the PAX6 gene on band p13 of 
chromosome 11. It is associated with a number of syndromes. In 
addition, alterations of the cornea and angle malformations can 
occur which lead to glaucoma, cataract formation, and retinal 
malformation (Lee et al., 2008).

•	 Rathbun syndrome/hypophosphatasia:  partial aniridia, uni-
lateral renal agenesia, and mild psychomotor retardation 
(Sommer et al., 1974).

•	 WAGR syndrome:  the acronym stands for Wilms’ tumour, 
aniridia, urogenital anomalies, and retardation. Wilms’ 
tumour, or nephroblastoma, is the most frequent renal malig-
nancy in childhood. About 1% of these children present with 
aniridia. The prevalence is < 1/100,000.

•	 Cat eye syndrome, a very rare disorder, derived from a defect 
in chromosome 22. It includes iris coloboma and anal atresia. 
Choroidal or optic nerve coloboma and microphthalmia have 
been described. Variable renal abnormalities such as unilateral 
absence, unilateral or bilateral hypoplasia, and cystic dyspla-
sia have been reported. Other systemic manifestations include 
pre-auricular skin tags and/or pits (which are probably the 
most consistent feature), congenital heart defect, and usually 
low-normal intelligence.

u Pupillary abnormalities:

•	 Pierson syndrome (microcoria-congenital-nephrosis syn-
drome) (Zenker et al., 2004). The most characteristic ocular 
anomaly is microcoria. A wide range of additional abnormali-
ties include posterior embryotoxon, megalocornea, iris hypo-
plasia, cataract, abnormal lens shape, posterior lenticonus, 
persistent fetal vasculature, retinal detachment, variable axial 
lengths, and glaucoma. There was high interocular and intrafa-
milial variability (Bredrup et al., 2008). LAMB2 gene mutation 
is the underlying genetic defect for Pierson syndrome. Renal 
symptoms are congenital nephritic syndrome caused by diffuse 
mesangial sclerosis potentially leading to ESRD in the pre- or 
postnatal period (Hasselbacher et al., 2006).

•	 Amyloidosis:  pupillary abnormalities and oculomotor 
dysfunction occur.

u Nail-patella syndrome:  a cloverleaf dark pigmentation of the 
central area of the iris with scalloped iris collarette (Lester 
sign of the iris) is a peculiar finding. Strabismus, keratoconus, 
microcornea, sclerocornea, microphakia, and cataracts have 
been described (Meyrier et al., 1990). LMX1B is also expressed 
in podocytes leading to nephritic syndrome and renal insuffi-
ciency but ESRD is less common (Bongers et al., 2005).

Acquired

u Uveitis:

•	 TINU: a	 specific	 form	of	 intraocular	 inflammation	 (uveitis)	
combined with tubulointerstitial nephritis. Ocular symp-
toms (redness, pain, photophobia) often precede renal disease 
(Mackensen and Billing, 2009).

•	 Anecdotally	uveitis	occurs	in	systemic	vasculitis.

Treatment
Aniridia can be treated by surgical methods which try to rebuild 
the iris. Other approaches include tattooing the cornea or contact 
lenses with an iris imprint. The visual gain depends on associated 
structural problems (foveal hypoplasia or nerve defects). Cataract 
and glaucoma secondary to aniridia generally require a surgical 
approach.

Anterior uveitis is treated with topical prednisolone 1% eye drops 
and dilating agents. Highly active anterior uveitis may require a 
short term of oral corticosteroids or periocular depot injections.
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Lens
Congenital

u Oculocerebrorenal syndrome of Lowe:  renal symptoms present 
with Fanconi syndrome. Renal manifestation can be minimal 
but can also reach nephritic-range proteinuria. Renal insuffi-
ciency progresses very slowly with reported ESRD in the fourth 
or fifth decade (Schramm et al., 2004). Congenital bilateral cata-
ract is present at birth in all patients (Loi, 2006).

u Alport syndrome:  anterior lenticonus (anterior protrusion of 
the lens): present in 20–30% affected males, develops later in 
the disease, but can lead to a first diagnosis of Alport syndrome 
when a patient presents with blurred vision. When present, 
anterior lenticonus is pathognomonic for Alport syndrome. 
May be complicated by subcapsular cataract. Usually asympto-
matic retinal lesions (bilateral white or yellow granulations) will 
be found (Perrin et al., 1980).

u Galactosaemia: the changed osmotic situation in the lens caused 
by intracellular galactose accumulation leads to cataract in the 
first months of life (Schlötzer-Schrehardt and Naumann, 1997). 
A reversible and incomplete Fanconi syndrome can occur which 
disappears completely under a galactose-free diet (Geary and 
Schaefer, 2008).

Acquired

u Subcapsular cataracts due to steroid treatment occur in 20–30% 
of patients depending on dose, form of application, and length 
of treatment (Schlötzer-Schrehardt and Naumann, 1997).

u Cataracts due to chronic hypocalcaemia can be the present-
ing sign of otherwise asymptomatic renal failure (rare!!). 
Questionable higher frequency of cataracts in dialysis patients.

Treatment
Cataracts in older patients can be operated on with local anaesthesia 
easily and without special considerations. In congenital cataracts, 
early surgery with general anaesthesia without lens implantation 
and better development of the visual system has to be weighed 
against elevated risk of glaucoma.

Posterior segment changes
Vitreous

u Amyloidosis: vitreous opacities as well as retinal amyloid depos-
its have been confirmed histologically and may lead to second-
ary glaucoma (Sandgren et  al., 2008). This seems to be more 
frequent in familiar amyloidosis than in primary, non-familiar 
cases (Ruprecht and Naumann, 1997).

Treatment
Vitrectomy may be required in vision disturbing opacities.

Retinal
Congenital

u Von Hippel–Lindau disease is an autosomal dominant neoplasia 
syndrome, caused by germline mutations in the VHL tumour 
suppressor gene, predisposing to ocular and central nerv-
ous system haemangioblastomas, renal cell carcinoma, and 

phaeochromocytoma, as well as cysts in various organs (Maher 
et al., 2011) (Fig. 171.2).

u Oxalosis: calcium oxalate crystals are directly injurious to renal 
cells and the combination of obstruction and infection related to 
oxalate stones lead to kidney failure and ESRD (50% at 15 years 
of age). Plasma oxalate concentration raises with reduced glo-
merular filtration rate (GFR) and calcium oxalate begins to 
deposit in all organ systems and serious morbidity and death 
can result (Hoppe and Langman, 2003). In the eye, flecked retin-
opathy, minute, white, round flecks of the posterior pole and 
near the vessels, which correspond to calcium oxalate crystals, 
are seen (Lasram et al., 1997).

u Alport syndrome: dot-and-fleck retinopathy in 85% of affected 
males. Always found when anterior lenticonus is present. 
Retinopathy is often present at the onset of renal symptoms. 
Macular holes have been described as a rare, later complication 
(Savige and Colville, 2009).

u Retinitis pigmentosa-like disease:  tapetoretinal degeneration is 
characterized by a progressive deterioration of retinal recep-
tor function (rods and cones). Typically, reduced night vision 
and visual field constriction are the first symptoms and are 
confirmed by visual field testing, electroretinography, and fun-
doscopy. Tapetoretinal degeneration can be found in many cili-
opathies (Adams et al., 2007; and see Chapter 314). The most 
frequent are presented here:

•	 Nephronophthisis (NPHP):  Senior–Loken syndrome (SL)  
refers to the association of the nephronophthisis complex 
(the most frequent genetic cause of chronic renal failure in 
children) and tapetoretinal degeneration. Multiple (NPHP) 
genes underlie this autosomal recessive disorder, with gene 
products that are linked to dysfunctional cilia. NPHP is a pro-
gressive renal disease with corticomedullary cysts that almost 
uniformly leads to ESRD in different age groups depending 
on the genetically characterized. SL occurs in approximately 
10–20 % of cases of NPHP. It has been described as either a 
childhood-onset retinitis pigmentosa or a Leber’s congeni-
tal amaurosis type of abnormality and can lead to blindness 
in childhood (Godel et al., 1979). Several other syndromes in 
which NPHP and/or retinal involvement can present as a main 
clinical finding include Joubert, Meckel–Gruber, Cogan, and 

Fig. 171.2 Fundus picture of a 43-year-old female with von Hippel–Lindau 
disease showing retinal haemangioblastoma.
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Jeune syndromes. These syndromes show neurologic and ocu-
lomotor abnormalities.

•	 Bardet–Biedl syndrome:  is characterized by rod-cone dystro-
phy (> 90%), truncal obesity (72%), postaxial polydactyly, cog-
nitive impairment, male hypogonadotrophic hypogonadism, 
complex female genitourinary malformations, and renal 
abnormalities that may lead to renal failure. Cystic kidney dis-
ease and evidence of sexual infantilism with infertility are also 
common.

•	 Alström syndrome is a progressive autosomal recessive genetic 
disorder caused by specific mutations in the ALMS1 gene 
affecting multiple organ systems. It may be detected at birth 
or in early childhood. Clinically, patients with Alström syn-
drome develop cone-rod dystrophy leading to eventual blind-
ness, sensorineural deafness, and normal intelligence. Patients 
develop obesity, endocrine disturbances such as type 2 diabe-
tes mellitus, dilated cardiomyopathy, and progressive renal and 
hepatic failure. Severe renal disease is usually a late finding; 
the first signs may be polyuria and polydipsia resulting from 
a concentrating defect secondary to interstitial fibrosis. ESRD 
can occur as early as the late teens.

Acquired

u Retinopathies in chronic kidney disease (Grunwald et  al., 
2010) are frequent, especially related to arterial hypertension 
and diabetes. AMD risk seems to be increased for patients with 
chronic kidney disease. In a prospective study on 1183 patients, 
a GFR < 60 mL/min was associated with a threefold higher risk 
of developing AMD than those > 60 mL/min (Liew et al., 2008).

•	 Hypertensive	 retinopathy	 can	 manifest	 from	 mild	 vessel	
changes over signs of ischaemia (cotton-wool spots) and optic 
nerve swelling depending on the magnitude of blood pressure 
deviation.

•	 A similar	picture	can	be	seen	in	vasculitis-associated	retinopa-
thy (systemic lupus erythematosus).

•	 Diabetic	 retinopathy	 is	 a	 frequent	 cause	 of	 blindness	 and	
develops in many patients with diabetes correlated to disease 
control (HbA1c). Early signs are microaneurysms and haem-
orrhages and can progress to proliferative disease with severe 
vision impairment.

u Serous retinal detachment mimicking central serous chori-
oretinopathy in patients undergoing haemodialysis, caused by 
a dysfunction of the retinal pigment epithelium and electrolyte 
imbalance.

u Opportunistic ocular infections after kidney transplantation can 
lead to a severe, rapidly progressing, vision-threatening, retini-
tis, mostly caused by cytomegalovirus or other herpes viruses. 
PCR from ocular fluid can confirm the diagnosis and thus lead 
therapy.

u Type II membranoproliferative glomerulonephritis is character-
ized by the deposition of abnormal material within the glo-
merular basement membrane of the kidney and within Bruch’s 
membrane in the eye. Drusen-like deposits are seen in the 
macular region (Appel et al., 2005). In contrast to AMD these 
develop at an early age (second decade). Initially, vision is not 
impaired, but in about 10% vision reduction occurs caused by 

subretinal neovascular membranes, macular detachment, or 
central serous retinopathy.

Treatment
Haemangioblastomas have been treated with laser coagulation, 
endoresection, photodynamic therapy, beam radiation, or intra-
vitreal bevacizumab. Diabetic retinopathy is treated with laser 
coagulation, severe cases require vitrectomy. Hypertensive changes 
reverse over weeks when blood pressure is controlled. Viral reti-
nitis can be treated systemically but intraocular drug application 
is preferable. Severe cases with tractive retinal detachment require 
surgical treatment.

Optic nerve

u DIDMOAD (Wolfram) syndrome (diabetes insipidus, 
insulin-deficient diabetes mellitus, optic atrophy and deafness), 
is a rare, multisystem, neurodegenerative disorder of autosomal 
recessive inheritance (Rigoli et al., 2011). Optic nerve atrophy 
with increasing circular visual field defect occurs.

u Papillorenal syndrome or renal coloboma syndrome, sometimes 
also called ‘empty disc’. Characteristic findings consist of an 
absence or attenuation of the central retinal vessels within 
the optic nerve and the presence of multiple compensatory 
cilioretinal vessels. Supranasal visual field defects can be seen. 
The ophthalmic findings should lead to screening for renal 
disease (Parsa et al., 2001). The kidneys show a severe form 
of glomerulonephritis that may lead to renal failure (Bron 
et al., 1989). A mutation in the PAX2 gene is suspected (Alur 
et al., 2010).
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CHAPTER 172

The patient with renal cell cancer
Tim Eisen

Introduction
At the end of the twentieth century, the medical management of 
renal cancer was felt to be a Cinderella subject. Treatments were 
predominantly based on immunotherapy which benefited a small 
proportion of patients at the expense of considerable toxicity for 
all, including the large majority of patients who had no benefit 
from immunotherapy. A very small but tantalizing proportion of 
patients were cured by immunotherapy. Since we had no means of 
reliably selecting people in this small minority who benefit greatly 
from immunotherapy, the field was felt to be a generally rather 
hopeless one. There has been a remarkable change over the last 
decade in that six new therapies have been approved following suc-
cessful clinical trials. The majority of patients have some degree of 
tumour control and interestingly, it appears that many of the para-
digms for treatment of solid tumours do not apply to renal cell can-
cer in the modern era. For example, failure of a particular treatment 
modality for a solid malignancy would normally prompt a switch 
to another modality and no attempt to gain further benefit for the 
patient from the failed therapy. For reasons which are not yet clear, 
it appears possible to use the same modality of treatment repeatedly 
in renal cancer with a significant chance of further benefit for the 
patient. Anti-angiogenic treatment is also remarkable for another 
reason. There can be few areas of medicine where predictions have 
proved so wrong. The received wisdom was that anti-angiogenic 
treatments would be very well tolerated; that they would be easy 
to combine with other treatments; that they would need to be used 
continuously; and that they would result in tumour stabilization 
but not shrinkage. None of these predictions have stood the test of 
time. Renal cancer is the best example of successful anti-angiogenic 
treatment in oncology but treatment is not curative. The mainstay 
of curative treatment remains surgery.

Surgical advances have been most impressive with significantly 
better patient outcomes and reduced length of stay from open 
and laparoscopic procedures. The key role of surgery in the treat-
ment of limited disease is unchallenged. However, the role of sur-
gery in patients with metastatic disease which was established for 
fit patients in the immunotherapy era is no longer clear. There are 
no convincing data suggesting that patients with an asymptomatic 
primary currently benefit from surgery as part of a therapeutic 
programme involving standard tyrosine kinase inhibitor (TKI) 
treatment.

Renal cancer is now one of the most active areas of oncology as 
we seek to lift our game and provide greater benefit for patients. 
This chapter will summarize the key points in the management of 
renal cell cancer and outline the current key research questions.

Aetiology
Most renal cancers are sporadic and do not result from inherited 
mutations. Inactivation of the von Hippel–Lindau (VHL) gene by 
deletion, mutation, or silencing of the gene by methylation, occurs 
in the large majority of clear cell carcinomas (Gnarra et al., 1994). 
More recently, mutations in chromatin remodelling genes, most 
notably PBRM1, have been identified (Varela et al., 2011).

Tobacco smoking is the best-established risk factor for renal can-
cer, with around a quarter of disease appearing to be attributable 
to smoking.

Other environmental risk factors are less obviously linked to 
renal cancer although some studies have implicated dietary factors, 
obesity, hypertension, and diabetes mellitus.

Epidemiology
Both the incidence and mortality of renal cancer have been increas-
ing for several decades across the world, although there have been 
recent encouraging signs that rates have stabilized (Chow et  al., 
2010). The reasons for this increase are only partially understood. 
It is clear that with up to 70% of diagnoses in Western Europe 
being made incidentally during investigations for other medical 
problems, that there may be a stage shift accounting for part of the 
apparent rise in incidence. However, this would not account for the 
increased mortality from disease and there does appear to be a gen-
uine increase both in incidence and mortality from renal cancer. 
The reasons for this increase are not understood. Although renal 
cancer is commonest between the ages of 50 and 75, it is well rec-
ognized in younger patients. Approximately twice as many men are 
affected as women. The incidence of renal cancer does vary around 
the globe, being highest in North America and Europe. Rates may 
be slightly lower in Southern Europe and Australia and are lowest 
in Asia, Africa, and Central and Southern America. Renal cancer 
accounts for approximately 3% of the total cancer burden with an 
incidence of around 8 per 100,000 people. In a country the size 
of the United Kingdom, this results in around 10,000 new cases 
per annum.

Clinical features
With the increasing use of non-invasive imaging, the proportion 
of cases diagnosed incidentally has increased from approximately 
10% in 1970 to around 60% at the turn of the century. It is likely that 
this trend is continuing (Sunela et al., 2010). Thus there may be no 
presenting clinical features at diagnosis. Certainly the classical triad 
of haematuria, loin pain, and a palpable flank mass is now rare. 
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Any of these three symptoms may suggest renal cancer. In addition, 
other presenting features may include local effects, such as obstruc-
tion to the venous system, caused by the renal cancer growing along 
the renal vein and into the inferior vena cava and then cranially.

Distant effects are common with renal cell cancer, with approxi-
mately a quarter of patients presenting with metastatic disease, 
especially in lymph node, lung, and bone. In addition, renal cancer 
is frequently a highly metabolically active tumour with a wide range 
of paraneoplastic phenomena described. Secretion of vasoactive 
substances by the tumour or other effects of the tumour on normal 
renal tissue may lead to hypertension whilst other hormonal effects 
include polycythaemia due to increased erythropoietin production 
and hypercalcaemia due to parathyroid hormone-related peptide.

Systemic features most commonly include weight loss, fever, night 
sweats, and fatigue and are generally held to be adverse features. 
Rarely, hepatic dysfunction not related to metastatic involvement 
is seen. These paraneoplastic syndromes may all resolve following 
nephrectomy in cases of limited disease. The detection and char-
acterization of renal masses is a specialist area which has assumed 
even greater importance given the significant rise in the incidental 
diagnosis of renal abnormalities. The radiological assessment of 
these lesions is discussed in greater detail in the next section.

Cystic renal lesions are very common and it is necessary to dis-
tinguish between benign and malignant cysts. The Bosniak classi-
fication of renal cysts is most commonly used to categorize lesions 
with associated risk of malignancy (Table 172.1) (Bosniak, 1986).

It is important to note that even malignant lesions can be very 
effectively treated by surgery and that a tumour with a diameter 
of < 3  cm very rarely results in metastatic disease. Treatment is 
guided by a number of risk scoring systems appropriate to differ-
ent stages of disease. I shall not consider a patient’s operability in 
this chapter although clearly that is a most important considera-
tion in determining the optimal treatment strategy. The Leibovich 
or Mayo scoring system has become increasingly widely used with 
the advent of adjuvant therapy trials. The risk of relapse is modelled 
by considering tumour T-stage, presence of necrosis, involvement 

of lymph nodes, and absolute size of the tumour in excess of 10 cm. 
This allows allocation of patients to different risk groups com-
monly simplified to low, intermediate, or high risk (Table 172.2) 
(Fig. 172.1).

The most commonly used risk scoring system for advanced dis-
ease is the Memorial Sloan Kettering Cancer Center (MSKCC) 
score which was originally developed in the immunotherapy era. 
The MSKCC system assigns patients to good, intermediate, or poor 
risk according to the number of adverse prognostic features pre-
sent: Karnofsky performance status < 80%, lactate dehydrogenase 
> 1.5 times the upper limit of normal, haemoglobin below lower 
limit of normal, corrected calcium above upper limit of normal, 
and the absence of a prior nephrectomy/time from diagnosis to 
treatment for metastatic disease of < 1 year. Patients with no risk 
factors had a median survival of 20 months, whilst those with one 
to two risk factors had a median survival of 10 months, and those 
with three or more risk factors had a survival of just 4  months 
(Motzer et al., 1999). The MSKCC scoring system was devised dur-
ing the era of immunotherapy and has been revised recently by cli-
nicians at the Cleveland Clinic to reflect the TKI era (Heng et al., 
2009) Karnofsky performance status < 80%, haemoglobin below 
lower limit of normal, corrected calcium above upper limit of nor-
mal, and time from diagnosis to treatment of < 1 year were all vali-
dated and were joined by neutrophil count greater than the upper 
limit of normal and platelets greater than the upper limit of normal 
as risk factors. Those with no risk factors had a 2-year survival of 
75% (median survival was not reached at the time of diagnosis), 
whilst those with one or two risk factors had a median survival of 
27 months, and those with three to six risk factors had a median 
survival of 9 months.

The Kidney Cancer Association has recently published an 
updated scoring model which can be further developed in an itera-
tive way once new data become available. The scoring system is 
available online (<http://www.kidneycancer.org/rcc-risk-calc>).

Investigations
The purpose of investigations for renal cancer is (1)  to establish 
a diagnosis, (2)  to assess the extent of disease and hence treat-
ment intent and possible modalities of treatment, (3) to assess the 
patient’s suitability for these treatment options, and (4) to moni-
tor the effectiveness of treatment and the patient’s ability to tolerate 
treatment.

Table 172.1 The Bosniak classification of renal cysts

Category Features Risk of malignancy and 
management

I Benign simple cyst

Thin wall, no enhancement, no septa, 
no solid component

Benign

No further follow-up

II Benign cystic lesion

Thin wall, thin septa, minimal 
enhancement

Benign

No further follow-up

IIF Complicated cystic lesions

Minimal thickening of wall or septa, no 
enhancing soft tissue. Also hyperdense 
non-enhancing cyst > 3 cm

5% risk of malignancy

Requires regular 
imaging follow-up

III Indeterminate mass

Thick, enhancing wall or septa

50% risk of malignancy

Resect

IV Malignant cystic mass

Thick, enhancing wall or septa with 
enhancing soft tissue component

Malignant

Resect

Table 172.2 Stage, size, grade, and necrosis (SSIGN or Leibovich) 
scoring system for metastasis-free survival following nephrectomy 
for renal cell cancer

Characteristic Result and score

T-stage pT1a = 0; pT1b = 2; pT2 = 3; 
pT3a–4 = 4

Regional lymph nodes pNx or pN0 = 0; pN1 or pN2 = 2

Tumour size < 10 cm = 0; > 10 cm = 1

Nuclear grade 1 or 2 = 0; 3 = 1; 4 = 2

Histological tumour necrosis Absent = 0; present = 1

Maximum total 10
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Assessment of fitness and co-morbidities
Clinical assessment of the patient with renal cancer must estab-
lish a patient’s general fitness or performance status, the presence 
of symptoms or signs suggestive of distant metastatic disease, 
and the presence of other medical problems which could compli-
cate management. Relevant co-morbidities such as hypertension, 
pre-existing cardiac disease, and diabetes may predispose patients 
to cardiovascular toxicity of agents such as the TKIs. If any of these 
factors are present, then echocardiography should be considered to 
establish whether cardiac function is sufficient to make TKI treat-
ment a reasonably safe proposition. There are few reliable data relat-
ing to this although a generally accepted safety parameter is that the 
left ventricular ejection fraction should exceed 50% (Schmidinger 
et al., 2008). The presence of renal insufficiency is an important fac-
tor in determining whether surgery is possible, or even desirable if 
the patient is likely to become dialysis dependent as a consequence. 
Accurate assessment of renal function and the relative contribution 
of the area to be resected are possible by calculating split renal func-
tion by dimercaptosuccinic acid (DMSA) scan.

Radiological assessment of the primary tumour
Radiological assessment of the tumour itself is most commonly 
performed by computed tomography (CT). Where possible, CT 
scans are taken before and after contrast enhancement to provide 
information on calcification and the presence of fat within a lesion, 
as well as providing information on vascular supply. Ultrasound 
may be particularly helpful in distinguishing between solid and 
cystic renal lesions.

Magnetic resonance imaging (MRI) is less commonly used in the 
assessment of renal lesions, although it is preferred in individuals 
who need repeated examinations, such as those with VHL disease. 
MR angiography may also provide extremely useful information 
in imaging tumour and normal kidney vasculature prior to renal 
surgery. MRI may occasionally be necessary to assess tumour 
thrombus in the inferior vena cava. In addition, transoesophageal 
ultrasound may be necessary to assess tumour if it extends cranially 
towards the right atrium.

Nuclear medical techniques such as positron emission tomog-
raphy (PET) and bone scintigraphy are unreliable in renal cancer. 

Renal cancers may be slow growing and not detected on PET scan 
whilst the bone lesions are often purely lytic and do not reliably 
result in tracer uptake.

Staging
Staging of the primary tumour, regional lymph nodes, and pres-
ence or absence of distant metastases is vital, irrespective of which 
treatment modality is employed. The most commonly used staging 
system now is the TNM (tumour, node, metastasis) staging clas-
sification (Edge et al., 2010).

Spread to lymph nodes may be detected on CT or MRI and reli-
ably so in nodes > 2 cm. More distant metastases due to haematog-
enous spread are usually multifocal but oligometastatic disease is 
a well-recognized phenomenon in renal cell cancer, and requires 
specific management as described in the ‘Treatment and outcome’ 
section. Pulmonary metastases are the most common site of distant 
disease in renal cancer. They are classically described as cannonball 
metastases. Thoracic metastases from renal cancer are often found 
in the mediastinal lymph nodes, pleura, and endobronchially.

Radiological assessment of rate of progress 
and response to treatment
Imaging is central to the follow-up of patients after nephrectomy 
or ablation of a renal lesion and to the assessment of response to 
systemic treatment. The main purpose of CT imaging following a 
procedure with curative intent is to determine whether there is any 
evidence of local or distant relapse. Following nephrectomy, the 
most likely site of local relapse is in the renal bed and associated 
lymph nodes. This is most likely to occur with 3 years of nephrec-
tomy and further resection may still be considered with curative 
intent. In the case of follow-up after ablation, the radiologist is 
searching for evidence of enhancing soft tissue consistent with via-
ble tumour. Further ablation may then be considered.

The assessment of response to medical treatment for renal can-
cer differs significantly from the assessment for other malignant 
solid tumours. In renal cancer, the treatments are often able to 
de-vascularize lesions and prevent growth but may not cause sig-
nificant tumour volume reduction. For this reason, the standard 
response evaluation criteria in solid tumours (RECIST) need to be 
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SECTION 6 the patient with another primary diagnosis1460

used with caution when determining the success of treatment or 
otherwise. Nevertheless, the RECIST criteria for response are fre-
quently quoted in papers relating to novel therapies in renal can-
cer and are worth noting for this reason alone (Eisenhauer et al., 
2009). Complete response indicates the complete resolution of all 
target lesions, partial response means at least 30% reduction in the 
sum of measured tumour diameters. Progressive disease means 
an increase of at least 20% in the sum of tumour diameters or the 
appearance of new lesions and stable disease is the case were none 
of the above apply.

Progression-free survival currently remains the best single marker 
of long-term patient outcome. This subtle, though important differ-
ence from the assessment of other solid malignancies reflects the 
continuous maintenance role of systemic therapies as opposed to 
the intermittent tumour shrinking role of chemotherapies used in 
other solid malignancies, such as breast and lung cancer.

Liver metastases from renal cancer may produce hypervascular 
or isodense lesions which in response to anti-angiogenic treatment 
may become hypodense and more easily seen. This has become a 
particular problem where successful anti-angiogenic treatment 
apparently results in more disease in the liver, whereas in fact 
pre-existing disease has merely become easier to see.

Biopsy
The histological diagnosis is often not available until after a surgical 
resection of primary disease. However, where nephrectomy is not 
intended, or where there is reason to think that renal cell carcinoma 
is not the correct diagnosis, then a biopsy should be performed.

Differential diagnosis
Differential diagnosis of renal cancer is mainly determined by 
radiological appearances on presentation. It is important to note 
that a nephrectomy is often performed without histological diag-
nosis prior to surgery where the appearances are highly suggestive 
of a renal cell carcinoma. This is true for localized disease but may 
also be the case where there is low-volume metastatic disease in 
an otherwise fit patient. Awareness of other diagnoses requiring 
very different management is therefore important. The key differ-
ential diagnoses are transitional cell carcinoma, usually found in 
the pelvis and collecting systems, lymphoma, often associated with 
very bulky lymph node involvement, Wilms tumour, usually found 
in young children, oncocytoma with a characteristic cartwheel 
appearance on CT, and angio-myolipomas which usually, but not 
always, contain macroscopic fat.

Aetiology and pathogenesis
Most renal cancers are sporadic and do not result from inher-
ited mutations. Nevertheless, renal cancer provides an example 
of where understanding of the common sporadic disease derives 
from an understanding of the molecular pathogenesis of inher-
ited variants. Patients who inherit a mutation in the VHL gene 
develop VHL disease, which includes a 70% lifetime risk of clear 
cell renal cancer. The tumours contain a somatic mutation in the 
other copy of the VHL gene, and are often bilateral and multifocal. 
Inactivation of both copies of the VHL gene also occurs in the large 
majority of sporadic clear cell carcinomas (Gnarra et  al., 1994). 
The key target of the VHL gene product is hypoxia-inducible factor 
alpha (HIF) which regulates angiogenesis, proliferation, and other 

important cellular functions. When the VHL gene product is not 
functioning, HIF is hyperactive and leads to deregulated angiogen-
esis (Cockman et al., 2000). More recently, mutations in chroma-
tin remodelling genes, most notably PBRM1, have been identified 
(Varela et al., 2011). Mutations in VHL and chromatin-remodelling 
genes are not exclusive. The interaction between them is not clear 
although one theory is that VHL mutations alone would tend to 
lead to cellular senescence, a process abrogated by abnormalities in 
the chromatin-remodelling machinery of the cell. Thus if both VHL 
and chromatin-remodelling mutations are present, the tumour cell 
is able to induce neo-angiogenesis and proliferate without becom-
ing senescent.

Tobacco smoking is the best-established risk factor for renal can-
cer (McLaughlin et al., 1984). There have been several studies con-
ducted and the attributable risks vary in these studies with around 
a quarter of disease appearing to be attributable to smoking. Some 
studies have shown that the risk of renal cancer is proportional to 
the amount of smoking and that this risk reduces with smoking 
cessation.

Other environmental risk factors are less obviously linked to 
renal cancer although some studies have implicated dietary factors, 
obesity, hypertension, and diabetes mellitus (Benichou et al., 1998). 
There is no clarity at present about relationships between drugs for 
hypertension or pain control and risk of renal cancer, with contra-
dictory findings in multiple studies.

It is now evident that there are several distinct subtypes of renal 
cancer, each associated with specific molecular abnormalities. 
Although several classification systems have been used for renal 
cancer, the most commonly used is the Heidelberg classification.

Tumours are divided into benign and malignant tumours. Clear 
cell carcinoma is the commonest type of malignant tumour and 
accounts for approximately three-quarters of the disease. A clear 
cell appearance is a pathological descriptive term. Typically, clear 
cell cancers are heavily laden with lipid and glycogen which is 
removed during the tissue processing procedure, giving an arte-
factual ‘clear cell’ appearance. For this reason, some pathologists 
may prefer to use the term conventional renal cancer. Papillary 
renal cancer accounts for approximately 15% of the disease. The 
patient with papillary renal cell carcinoma may show multifocal 
abnormalities in the kidney associated with multiple papillary renal 
adenomas. There are two distinct subtypes of papillary renal cell 
carcinoma. Type 1 is commonest and appears to have a better prog-
nosis than type 2, which may have an extremely aggressive course. 
Chromophobe renal cell carcinomas account for approximately 5% 
of disease and are usually more indolent tumours than the com-
moner variants. Collecting duct carcinomas, also known as Bellini 
tumours, are related to the aggressive medullary carcinoma associ-
ated with sickle-cell trait. These are rare tumours and account for 
approximately 1% of the disease burden.

The molecular classification of renal cancer is described in detail 
in Chapter 328. In this chapter I shall provide only a brief back-
ground to the pathogenesis, concentrating on aspects which explain 
the activity of novel targeted therapies in this disease. Whilst only 
around 2% of renal cancers occur in people who have an inher-
ited predisposition, the same genetic alterations underlie the much 
commoner sporadic renal cancer. The individual genes most impli-
cated in each tumour type are illustrated in Table 172.3. VHL syn-
drome results from mutations in the VHL gene. Depending on the 
exact type of mutation, patients may be allocated to one of several 
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subtypes of VHL syndrome according to their risk of developing 
renal cancer and associated lesions such as haemangioblastomas 
of the eye and central nervous system, phaeochromocytomas, 
and pancreatic islet cell tumours. The most important function of 
the VHL gene product is its central role in the regulation of the 
transcription factor HIF. Deregulation of this factor results in 
uncontrolled expression of hypoxia target genes such as vascu-
lar endothelial growth factor, platelet-derived growth factor, and 
erythropoietin.

The c-MET gene encodes the cell surface receptor for the hepat-
ocyte growth factor which is assuming greater importance in the 
management of a number of solid malignancies. It is not yet known 
whether targeting of this receptor will be an effective therapeutic 
intervention. Type 2 papillary renal cell cancer is associated with 
inactivating mutations in the fumarate hydratase gene which is also 
thought to be important in the sporadic variety of this disease. The 
inherited form is often associated with early uterine fibroids and 
cutaneous leiomyomatosis. The renal lesion in hereditary leiomy-
omatosis can be extraordinarily aggressive.

The Birt–Hogg–Dubé (BHD) syndrome of multiple lung cysts is 
associated with the development of renal tumours including chro-
mophobe, oncocytoma, mixed chromophobe and oncocytoma, 
and clear cell. The BHD locus encodes the protein folliculin which 
is currently being intensively studied to elucidate its function.

Treatment and outcome
There are four fundamental questions which a clinician treating a 
patient with renal cell carcinoma will consider. First, what is the 
nature and extent of the disease? Second, what is the primary 
objective of treatment? Is it to cure the patient, to prolong their 
life, or to palliate their symptoms? Third, what options theoreti-
cally exist for this patient to achieve this objective? Fourth, which 
of these treatment options is most appropriate for the particular 

patient in front of you? The patient’s wishes, performance status, 
and co-morbidities will all need to be taken into account in answer-
ing the fourth question.

The general outcome of treatment is considered in the section 
on clinical features in this chapter. In this section, I will focus on 
answering the third question concerning the available options and 
the efficacy and toxicity data supporting these options.

Curative intent
If the patient is operable and has resectable disease, then the intent 
of treatment would be to cure the patient and the treatment of 
choice would be partial nephrectomy or nephron-sparing nephrec-
tomy if possible, or open or laparoscopic radical nephrectomy if 
the lesion could not be resected by a partial nephrectomy. Key 
considerations in determining whether a lesion can be resected by 
partial nephrectomy include tumours < 7 cm in diameter and pref-
erably lesions which are at either one of the poles of the kidney and 
do not involve the renal pelvis (Gill et al., 2007). Although partial 
nephrectomy can be performed laparoscopically, this is largely the 
preserve of extremely specialized surgeons. A laparoscopic proce-
dure may result in a longer ischaemic time than an open proce-
dure, resulting in greater loss of nephron function and negating the 
rationale for partial nephrectomy (Patard et al., 2007). Where there 
is limited disease but the patient is not operable or refuses surgery, 
then ablation should be considered for tumours up to 4 cm in size. 
Techniques include radiofrequency ablation and cryotherapy, in 
which probes are inserted percutaneously to access the renal can-
cer and the renal cancer tissue with a thin margin of normal tissue 
surrounding it, is destroyed in situ. Follow-up after ablation needs 
to be rigorous and is aimed at detecting evidence of active disease 
recurring locally (Breen et al., 2007). Ablation and nephrectomy 
have never been directly compared in a clinical trial although stud-
ies are ongoing. Where there appears to be a high surgical risk of 
intraoperative bleeding, embolization may be performed prior to 
nephrectomy to mitigate this risk.

At the time of writing (2015) there is no indication for any adju-
vant treatment following resection of a renal cancer. Large studies 
are being performed investigating the value of adjuvant treatment 
with TKIs or mammalian target of rapamycin (mTOR) inhibitors.

Prolonging survival
Renal cancer has a very variable natural history and many patients 
will remain well without any active treatment for long periods, 
whilst others will progress quickly and require aggressive interven-
tion. Factors which point to an aggressive tumour include systemic 
symptoms of weight loss, night sweats, and hypercalcaemia. In the 
absence of these symptoms, it may be very reasonable to observe 
the patient for a period of time with a repeat scan usually after 
3 months to assess the rate of change. There are no data suggesting 
that early systemic management of indolent, asymptomatic disease 
is of greater benefit than observing the patient and starting treat-
ment once significant or symptomatic progression is encountered. 
For many patients who are frail or have co-morbidities, observation 
with the intention of palliating symptoms as they occur may be the 
best strategy.

Surgery does have a role in selected patients even in the meta-
static setting. It is well recognized that some renal carcinomas 
behave as oligometastatic disease. That is, disease which progresses 
at just one or two sites. Where this pattern is established, a surgical 

Table 172.3 Heidelberg classification of renal tumours

Lesion Characteristics Gene implicated Locus

Benign tumours

Papillary renal 
adenoma

Common. Similar to 
low-grade papillary RCC

Metanephric 
adenoma

Rare. Erythropoietin 
expression

Oncocytoma Cartwheel appearance 
on CT

BHD 17p11

Malignant tumours

Clear cell carcinoma 75% of cases VHL

SWI/SNF

3p25

Papillary carcinoma 15% of cases Type 1 c-MET

Type 2 FH

7q31

1q42

Chromophobe 
carcinoma

5% of cases BHD 17p11

Collecting duct 
carcinoma

Aggressive and rare

Unclassified
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approach may result in medium- to long-term control of disease 
(Kavolius et al., 1998). Factors which select patients for a good out-
come include a disease-free interval > 12 months, a solitary site of 
disease, and age < 60 years. Before embarking on such a strategy, 
it is necessary to establish that the renal cancer is indeed behaving 
in this oligometastatic way. A typical history would be of a patient 
who has a nephrectomy then a disease-free interval in excess of 
a year, when a routine scan identifies a solitary metastasis in the 
lung. Intervention immediately on diagnosis of an apparently soli-
tary metastasis may result in a significant number of patients hav-
ing a pointless procedure where further metastases develop in the 
next few months following surgery. A short period of observation 
of 3–6 months followed by metastasectomy may be of significant 
benefit in these selected patients. Sites of disease which lend them-
selves to this approach are lung, lymph node, and bone disease. One 
other site where surgery for oligometastatic disease may be per-
formed but often without an observation period, is brain disease, 
where other means of control of metastasis are relatively ineffective.

Systemic treatment options have been investigated in a number 
of first-, second-, and third-line settings. The treatment grid in 
Table 172.4 shows where the phase 3 data have supported various 
treatment options.

There are currently no ways of selecting individual TKIs or mTOR 
inhibitors for individual patients although attempts better to target 
these treatments continue. Sunitinib (Motzer et al., 2007), sorafenib 
(Escudier et al., 2007), pazopanib (Sternberg et al., 2010), axitinib 
(Rini et  al., 2011), and bevacizumab plus interferon (Rini et  al., 
2004; Escudier et al., 2007b) have all been found significantly to 
increase progression-free survival in the various settings in which 
they have been investigated. All of these agents have an approxi-
mately 75% chance of causing tumour shrinkage or reduction. 
Sunitinib, pazopanib, axitinib, and bevacizumab plus interferon 
have an approximately 35% chance of causing a partial response by 
RECIST and each results in 10–14 months of progression-free sur-
vival in the first-line setting. At the time of writing (2015), sunitinib 
and pazopanib are considered the standard first-line agents for 
metastatic renal cell carcinoma. The combination of the vascular 
endothelial growth factor antibody bevacizumab with interferon 
similarly doubles progression-free survival compared to inter-
feron alone. Interestingly, in combination with bevacizumab, low 
dose interferon appears to be as effective as high-dose interferon 
and better tolerated. The mTOR inhibitors temsirolimus (Hudes 
et  al., 2007) and everolimus (Motzer et  al., 2009) have provided 
progression-free survival benefits and an overall survival benefit in 
the case of temsirolimus in the settings in which they have been 
investigated. It is worth noting that the placement of these agents 
depends very largely on the entry criteria of the studies rather than 

any particular scientific rationale limiting them to that particular 
group of patients.

The toxicities of TKIs and mTOR inhibitors needs to be consid-
ered carefully as these are used in the maintenance setting. The 
main toxicities of TKIs are hypertension, skin rash, fatigue, sto-
matitis, and a variety of less common toxicities. The key features 
of toxicity management are early intervention and employment of 
prophylactic measures. Whilst all of the TKIs can lead to these side 
effects, individual TKIs have a greater or lesser propensity to each. 
Thus sorafenib tends to cause the worst skin reaction, sunitinib 
tends to cause the worst fatigue and stomatitis, axitinib causes the 
greatest degree of hypertension, and pazopanib the greatest degree 
of liver dysfunction. The mTOR inhibitors have overlapping tox-
icities but also can cause hypercholesterolaemia and hypertriglyc-
eridaemia with hyperglycaemia. In general terms, problems arising 
from use of these maintenance agents are caused by too much 
treatment rather than too little. It is notable that early interruption 
of treatment will often result after a couple of days in a marked 
improvement in the patient’s condition so that treatment can be 
resumed without difficulty. However, if the severity of the side 
effect is allowed to worsen, then patients may need to be off treat-
ment for prolonged periods or even permanently.

The role of immunotherapy has reduced very markedly over the 
past 5 years. Many centres do not offer immunotherapy at all whilst 
others continue to use it for selected groups. The reason that immu-
notherapy remains an option at all is that it is well recognized that a 
small group of patients do extremely well on immunotherapy with 
maintained complete responses equating to cure. The percentage 
of patients in this group is only around 1–2% of the whole renal 
cancer group and therefore the high toxicity of treatment with the 
option of better tolerated treatment which is more likely to work 
in the large majority of patients has reduced the uptake of immu-
notherapy significantly. A  very limited number of centres offer 
high-dose interleukin-2 therapy which may cure up to 20% of a 
highly selected group of patients but which has not been proven in 
a prospective randomized phase 3 trial (Klapper et al., 2008).

There is extensive research in the use of novel immunotherapies 
such as autologous tumour vaccines and T-cell checkpoint inhibi-
tors such as antibodies to PD-1, PD-L1, and CTLA4 which relieve 
the control of autoimmunity and may induce host-versus-tumour 
immune reactions. These approaches remain experimental at the 
time of writing.

Palliative measures and special circumstances
It is important to realize that debulking by surgery or destruction 
of disease by systemic therapy may provide major palliative benefit. 
For example, a patient with metastatic disease who has a painful 
and bleeding primary lesion may benefit from a palliative nephrec-
tomy. Embolization may be performed to palliate symptoms for 
patients with advanced symptomatic renal cell carcinoma who are 
not operable.

Equally, high-quality palliation of symptoms will form an impor-
tant part of the management of nearly all patients with dissemi-
nated disease.

There are data suggesting that the use of a bisphosphonate such 
as zoledronate will slow down the development of new bony metas-
tases once a patient has developed hypercalcaemia or a known bone 
metastasis. As well as this, zoledronate can be of palliative benefit 
in reducing pain and the symptoms of hypercalcaemia. The regular 

Table 172.4 Treatment options in metastatic renal cancer

Good risk Intermediate risk Poor risk

First line Sunitinib

Pazopanib

IL-2

Sunitinib

Pazopanib

Temsirolimus

Second line Sorafenib

Everolimus

Axitinib

Sorafenib

Everolimus

Axitinib

Few data
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use of zoledronate for patients who have experienced symptoms of 
this sort has become the standard of care.

The safety of TKIs in patients with brain metastases has only 
been established following whole-brain radiotherapy. It is therefore 
generally accepted that prior to using TKIs in patients with cen-
tral nervous system disease, whole-brain radiotherapy should be 
administered.

Conclusion
The last decade has seen major advances both in the surgical and 
medical management of renal cell cancer. Outstanding areas for 
further research include the use of adjuvant therapy, the role of 
surgery in metastatic disease in the era of TKIs, the synergistic 
combination of therapies, the sequential use of one TKI after the 
failure of another and novel immunotherapies. The optimal treat-
ment of non-clear cell renal cancer is not yet well investigated 
and specific studies are underway in papillary carcinoma and in 
non-clear cell carcinoma more generally. The development of pre-
dictive and prognostic markers would be a major boon, especially 
given the great differences in behaviour between different renal 
cell cancers.
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CHAPTER 173

The patient with Wilms tumour
Christopher Mitchell

Introduction and definition
Wilms tumour (Wilms, 1899), the most common genitourinary 
malignancy of childhood, is a triphasic embryonal neoplasm con-
sisting of varying proportions of blastema, stroma, and epithelium. 
Although Max Wilms described this specific histological appear-
ance in 1899, the eponym is now loosely applied to virtually any 
malignant tumour arising in the kidney in childhood, although 
they are pathologically, clinically, and genetically distinct entities.

Epidemiology
The annual incidence of Wilms tumour is around eight per mil-
lion children under the age of 15 years. There are both racial and 
regional variations in incidence, so that the previously held view 
that the incidence was constant throughout the world (the ‘index’ 
tumour) is not correct (Parkin et al., 1988). The risk of developing 
Wilms tumour is approximately 1 in 10,000 live births. The tumour 
accounts for about 8% of childhood malignancies so, in incidence, 
ranks fifth among the solid tumours of childhood, after tumours 
of the central nervous system, lymphoma, neuroblastoma, and 
soft-tissue sarcoma. The tumour occurs with equal frequency in 
boys and girls, with a peak incidence in the third year. It is very rare 
in the neonatal period (Hrabovsky et al., 1986); > 75% of children 
affected are < 4 years of age and at least 90% < 7 years at diagnosis 
(Breslow and Beckwith, 1982; see Fig. 173.1). Very few cases are 
diagnosed after the age of 11 years.

Presentation
Clinical features
Most children with Wilms tumour are well and present only 
because they have an abdominal mass detected by a parent or other 
person, although symptoms such as abdominal pain, haematuria, 
and fever may sometimes occur. Generally, the contrast with the 
clinical picture of abdominal neuroblastoma, the major differen-
tial diagnosis, is marked. Physical examination should include 
a search for evidence of the various conditions associated with 
WT1 mutations (see Chapter 329). These include hemihyperpla-
sia (hemihypertrophy), Beckwith–Wiedemann syndrome, genital 
abnormalities, and aniridia. Hypertension, which may arise from 
excessive renin production, vascular compression by the tumour, 
or as part of pre-existing renal disease, occurs in a few patients and 
may be sufficiently severe to require treatment.

Abdominal examination reveals a smooth, rounded, or lobu-
lated mass arising in the loin; it may be possible to feel the attached 
normal kidney. The mass is usually ballotable and does not move 

with respiration, thus allowing distinction from liver or spleen. The 
previously held view that abdominal examination should not be 
repeated for fear of tumour rupture or tumour emboli is probably 
false. Any metastases present at diagnosis, usually pulmonary, will 
only rarely be detected by clinical examination.

Investigations
The objectives of investigation are to confirm the diagnosis, deline-
ate the extent of the tumour, determine that the contralateral kid-
ney is functional, discover any metastases, and ensure that the child 
is fit enough to undergo anaesthesia and surgery.

A blood count may detect anaemia resulting from haemor-
rhage into the tumour; there may also be thrombocytosis in 
response to haemorrhage. A  few patients develop a bleeding 
diathesis secondary to an acquired form of von Willebrand dis-
ease. An incidence of 8% was noted in one study (Coppes et al., 
1992), so coagulation tests should be sent. Urinalysis, particu-
larly for protein, and measurement of serum electrolytes, urea, 
and creatinine, should detect any gross abnormalities of renal 
function. Measurement of urinary catecholamines is essential to 
exclude neuroblastoma, especially in hypertensive children, and 
particularly if immediate surgery is contemplated. No imaging 
technique can exclude neuroblastoma with complete accuracy, 
and some are intrarenal. There are two reasons for taking care to 
exclude the diagnosis of neuroblastoma: first, immediate surgery 
would not be appropriate; and second, catecholamine-secreting 
tumours pose particular anaesthetic problems, which should be 
recognized preoperatively.

An abdominal ultrasound scan is the imaging investigation 
of choice for determining the organ of origin, the extent of any 
spread within the abdomen, the patency of the inferior vena cava, 
and for detecting any involved lymph nodes. Most centres would 
also perform a computed tomography (CT) or magnetic reso-
nance (MR) scan of the abdomen to further define the anatomy of 
the tumour. It is important to document normal function of the 
contralateral kidney before any surgery is contemplated and the 
excretion of contrast at the end of a CT scan is useful confirma-
tion of function in the contralateral kidney. A dimercaptosuccinic 
acid scan is an alternative investigation, and is particularly valu-
able in planning surgery for patients with bilateral tumours or 
with only a single functioning kidney where partial nephrectomy 
is contemplated.

A  North American study found pulmonary disease by scan-
ning but not by conventional radiography in 11 of 124 children 
(Willimas et al., 1988), but there was no significant difference in 
the relapse rate between that small group and the larger number of 
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patients whose lung lesions could be seen on ordinary radiography. 
The United Kingdom Children’s Cancer Study Group (UKCCSG) 
reported a number of patients with metastases detected by CT that 
were not found by conventional radiography (31 out of 142), and 
found that just over 25% of these patients relapsed (7 out of 31). 
However, relapses were more common in patients who were oth-
erwise stage I than those who were stages II to V (Mitchell et al., 
2000). These data suggest that the majority of higher-stage patients 
will have their pulmonary disease adequately treated by their 
stage-appropriate chemotherapy and need not have their initial 
treatment intensified. Stage I  patients, however, receive so little 
additional therapy that great care is needed in defining the stage 
and it is here that CT scanning may be important.

Postoperatively, other imaging investigations may be indicated 
by specific histological findings. A 99Tc bone scan is indicated after 
the diagnosis of the so-called bone-metastasizing renal tumour 
(also called clear cell sarcoma; see below). An additional radiologi-
cal survey of the skeleton is unnecessary. In malignant rhabdoid 
tumour of the kidney (RTK) an MR scan of the head is needed to 
exclude the presence of an associated intracranial tumour (Bonnin 
et al., 1984).

Prognostic features
Prognostic factors arise as artefacts of imperfect treatment regimens. 
Thus, if treatment was uniformly successful, or a disease uniformly 
fatal, there would be no prognostic factors. The early recognition of 
prognostic factors in Wilms tumour has permitted stratification of 
treatment, and so directed intensive treatment to patients with ‘bad 
risk’ disease and reduced treatment to patients with ‘good risk’ dis-
ease. The standard prognostic factors include pathology and surgi-
cal stage, both of which reflect underlying biological processes and 
the latter to some extent also reflecting the length of time before 
diagnosis and, possibly, surgical skill. Subsequently, response to 

initial chemotherapy, as delineated by SIOP (Societe Internationale 
D’Oncologie Pediatrique) studies has developed as an additional 
factor, and more recently the prognostic significance of a number 
of molecular genetic factors has been noted. In the future, use of 
biological markers combined with histological response to preop-
erative chemotherapy seems likely to provide the most useful risk 
adapted system of therapy, as has already been seen, for example, in 
the therapy of acute lymphoblastic leukaemia in childhood.

Pathology
Two broad groups of tumours may be recognized by their histo-
logical appearances (for review, see Beckwith, 1986). The majority 
have classical triphasic tumours, in which epithelial, blastemal, and 
stromal elements are all present. Some triphasic tumours may have 
rhabdomyoblastic differentiation, such that the cells resemble fetal 
rhabdomyoblasts, often with cross-striations. This appearance is 
not unfavourable and it must not be confused with the ‘malignant 
rhabdoid tumour of the kidney’, which is a variant with poor prog-
nosis (see below).

The monomorphic epithelial variant, usually found in children 
< 1 year of age, is easily recognized as it appears to consist entirely 
of primitive tubules. This appearance has a very favourable prog-
nosis, as do stage I tumours weighing < 550 g in patients < 2 years 
of age (Green et al., 1994). Both of these subtypes are effectively 
treated by nephrectomy only.

The second group of patients have tumours that are categorized 
as one of the unfavourable histologies. Anaplasia is an unfavour-
able feature occasionally observed in triphasic tumours, where it is 
characterized by large (greater than four times normal) hyperchro-
matic nuclei, an increased nuclear:cytoplasmic ratio, and abnormal 
(e.g. tripolar) mitoses. Anaplasia in Wilms tumour is often a patchy, 
focal change, which may escape notice unless a deliberate search is 
made; including widespread sampling with blocks cut every centi-
metre across the widest diameter of the tumour. The appearances 
are often best recognized by scanning the slide at low power.

The other unfavourable histological types are distinct tumours, 
rather than true variants of Wilms tumour. The bone-metastasizing 
renal tumour of childhood, or clear cell sarcoma of the kidney 
(CCSK), was first reported by Kidd (1970), and it was later sepa-
rately identified by Marsden and Lawler (1978) from the United 
Kingdom, and by Beckwith and Palmer (1978) from America: they 
all describe a distinctive neoplasm with a propensity for skeletal 
metastasis and aggressive clinical behaviour. The incidence of 
reported bone metastases was 76% of 38 cases in the British series 
and 17% of 75 cases in the American series.

In the third National Wilms Tumour Study, the bone-  
metastasizing tumour formed nearly 6% of all cases, making it the 
most frequent form of ‘unfavourable’ histology. Its age distribution 
is similar to that of Wilms tumour. There appears to be a distinct 
male preponderance for this type, both in American and British 
series, although not as great as originally suggested.

Malignant RTK, recognized by Beckwith and Palmer (1978) 
in their report from the first National Wilms Tumour Study is a 
very unfavourable tumour. It is the least common of the unfavour-
able entities and was found in only 2% of patients entered in the 
National (American) studies. The age distribution is markedly 
different to that of Wilms tumour, with nearly half the patients 
being diagnosed in the first year of life (for review, see Weeks et al., 
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1989). It is also associated with other primary tumours of various 
types (usually primitive neuroectodermal tumours) arising in the 
posterior intracranial fossa (Bonnin et al., 1984). The intracranial 
tumour may precede or follow the renal tumour. Hypercalcaemia 
has been reported in a number of cases of malignant rhabdoid 
tumour (Rousseau-Merck et  al., 1982; Mitchell et  al., 1985), but 
may also occur in congenital mesoblastic nephroma.

The genetic basis of RTK indicates that it is a distinct entity 
from classical Wilms tumour. Cytogenetic, fluorescence in situ 
hybridization, and loss-of-heterozygosity (LOH) studies have 
revealed that malignant rhabdoid tumours frequently contain 
deletions at chromosome locus 22q11, which contains the SWI/
SNF related, matrix-associated, actin-dependent regulator of 
chromatin, subfamily B, member 1 (SMARCB1) gene, also known 
as human sucrose non-fermenting gene number 5 (hSNF5).

Two distinct, low-risk entities have been described. The first 
is congenital mesoblastic nephroma, which is a rare, distinctive 
tumour of the infantile kidney (Bolande, 1973). There have been 
reports of local recurrences and metastases but in only one of these 
was the patient < 3 months of age. Review of the specimen showed 
that tumour extended to the margin of resection. There have been 
other recurrences in patients > 3 months of age; the microscopic 
appearances were of dense cellularity and numerous mitotic figures. 
Vascular invasion and tumour rupture have also been associated 
with an unfavourable outcome. The other low-risk entity is cystic 
partly differentiated nephroblastoma (CPDN), which is usually 
seen in children under the age of 2 years. The tumour is composed 
entirely of cysts and their thin walls, with the septa forming the only 
‘solid’ component of the tumour. The cysts are lined by cuboidal epi-
thelium and the septa contain blastema together with stroma or epi-
thelium. The tumour forms a discrete mass, well demarcated from 
the non-cystic renal parenchyma. Surgery alone is usually adequate 
therapy for both of these tumours.

It has been demonstrated that chemotherapy induced changes 
are prognostically important, as one might expect (Zuppan et al., 
1991; Boccon-Gibod et al., 2000). In the SIOP risk assessment sys-
tem, use is made of the response to a standard preoperative chemo-
therapy regimen, which now consists of four doses of vincristine at 
weekly intervals with the addition of actinomycin D at weeks 1 and 
3. Low risk tumours, as noted above, include mesoblastic nephroma, 
CPDN, and in addition, completely necrotic nephroblastoma, with 
100% survival regardless of ‘stage’ and hence with no further therapy 
necessary after resection. The histological criteria for making this 
diagnosis are the absence of any viable tumour tissue on gross or 
microscopic examination of multiple blocks, and the presence of 
regressive or necrotic changes caused by the chemotherapy.

Designating intermediate-risk tumours involves first assessing 
the percentage of necrosis or regression that is present. If these 
changes are present in > 66% of the tumour, it may then be des-
ignated as being of regressive subtype. If the degree of change is 
< 66% the tumour may be subtyped according to the predominant 
histological component, or designated as mixed if there is no pre-
dominance. Five entities may be recognized:  epithelial, stromal, 
mixed, regressive, or with focal anaplasia. Each of these entities is 
of intermediate prognosis.

Conversely, the persistence of blastema after chemotherapy indi-
cates chemoresistance and has been shown to be associated with a 
poor outcome (Weirich et al., 2001). In order to make a diagnosis 
of blastemal type nephroblastoma, the viable component must be > 
33% of the tumour mass and at least 66% of the viable areas must 

be blastema. Other components may also be present in varying 
amounts. Other high-risk entities include diffuse anaplasia, CCSK 
and malignant RTK.

Surgical staging systems
Several staging systems have been used for Wilms tumour, evolv-
ing as successive studies have redefined the criteria for each stage. 
The major contribution to these systems has been from the North 
American National studies. This staging system has been used sub-
sequently in National Wilms Tumor Study Group (NWTS) studies 
4 and 5 and also in the UK Wilm’s (UKW) series of studies 1 and 2, 
with adaptions in UKW3.

The use of preoperative chemotherapy obviously has a major 
impact on the validity of the NWTS staging system. The SIOP 
group use a combination of adapted NWTS staging and patho-
logical appearances to incorporate the implications of early dis-
ease response to chemotherapy, to categorize patients into risk 
groups.

For details of staging methods, see Further Reading.

Molecular genetics
Wilms tumour gives its name to the WT1 (Wilms tumour 1) gene 
(see Chapter 329) which is located at chromosome 11p13. WT1 is 
a transcription factor with complex effects, and a classic tumour 
suppressor gene. The incidence of Wilms tumours is increased in 
those with germline WT1 mutations, but it is mutated in only a 
minority (probably 10–15%) of sporadic cases of the tumour. 
Other implicated genes include CTNNB1, encoding β-catenin, and 
WTX (AMER1). Again these genes are found in < 20% of Wilms 
tumours, but mutations may occur together. A defect of 11p15 (the 
WT2 locus) is particularly associated with Beckwith-Wiedermann 
Syndrome, and these individuals are more likely to develop bilat-
eral tumours. Epigenetic changes may be important but germline 
mutations at this locus are found in < 3% of patients (Scott et al. 
2008). Other genes are implicated with a still lower frequency. For 
a review of the molecular genetics of the tumour see Hohenstein 
et al. (2015).

In a study of 232 patients registered in NWTS-3 and -4, Grundy 
et al. (1994) found that LOH of markers on 16q, found in 17.2% of 
patients with favourable histology or anaplasia, had a significantly 
lower relapse-free survival and overall survival (OS), even after 
allowing for stage or histology. LOH for markers at region 1p was 
found in 11% of the samples, and again was associated with poorer 
relapse-free survival and OS. LOH at 11p or duplication of 1q were 
not associated with any difference in outcome.

Prospective assessment of these markers in NWTS-5 confirmed 
that the phenomenon of LOH at the 1p and 16q regions was indeed 
an adverse factor. Prospective assessment of biological factors by 
both the NWTS and SIOP groups and has been demonstrated to 
identify a group of patients at higher risk of recurrence; LOH for 
markers on the long arm of chromosome 16 and the short arm of 
chromosome 1 (16q and 1p) are associated with a worse outcome. 
In NWTS-5, stage I and II patients without LOH at these loci had a 
survival of 91.2% versus only 74.9% of patients with LOH (Grundy 
et al., 2005).

Treatment
Despite advances in chemotherapy, surgical resection is, and almost 
certainly will remain, the fundamental treatment for Wilms tumour. 
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There remains, however, debate about the timing of surgical inter-
vention, the place of percutaneous needle biopsy, and the use of 
preoperative chemotherapy. North American practice remains 
steadfastly in favour of immediate surgery followed by adjuvant 
therapy dictated by the surgical stage. In contrast, the SIOP group in 
Europe conducted a series of trials based on the use of preoperative 
therapy—but conflicting recommendations remain (summarized in 
Bhatnagar, 2009; Graf et al., 2000; Green, 2004; Vujanić, 2006).

Radiotherapy is usually reserved for Stage 3+ disease. 
Chemotherapy is generally based on dactinomycin, vincristine, 
and doxorubicin. Detailed consideration of treatment is beyond the 
scope of this text, but see Further Reading for additional informa-
tion and references. 

Long-term complications of therapy
The long term implications of childhood treatment for cancer are 
increasingly being recognised. These include the effects of chem-
otherapeutic agents, including effects on kidney function (see 
Chapter 362).

It is often assumed that unilateral nephrectomy has only mini-
mal, if any, long-term morbidity, as usually expected for congenital 
solitary kidney (see Chapter 351). However kidneys that develop 
Wilms tumour may not be normal if there was a predisposing 
mutation or developmental abnormality, and the surviving kidney 
may have been exposed to radiation (see Chapter 91). Cytotoxic 
drugs commonly used for Wilms tumour are not usually thought 
to be nephrotoxic. An evaluation of renal function in a group of 
long-term Wilms tumour survivors (> 13 years off treatment) has 
shown some evidence of dysfunction of the remaining kidney in 
32%. Nineteen per cent had measured glomerular filtration rates of 
< 80 mL/min/1.73m2, 11% had hypertension, and 9% had increased 
urinary albumin excretion. Only 55% of patients had undergone 
significant compensatory contralateral renal hypertrophy. Children 
aged < 24 months at the time of diagnosis and those children who 
had received radiation doses of > 1200 cGy to the remaining kid-
ney were most at risk of dysfunction (Levitt et al., 1992). A similar 
study in adults with solitary kidneys who had undergone partial 
nephrectomy for a renal malignancy concluded that there was an 
increased risk of proteinuria, glomerulopathy, and progressive 
renal failure (Novick et al., 1991). Thus, there is a clear case for con-
tinuing follow-up with measurements of blood pressure and checks 
for proteinuria.

The major long-term side effect of radiotherapy for Wilms 
tumour is disturbance of growth. As the radiation field in virtually 
all children irradiated for this condition is the hemiabdomen, the 
most obvious disturbance is asymmetrical growth of soft tissue. 
As the field includes the full width of the vertebral bodies, there 
is also a loss in final height. The younger the patient is at the time 
of irradiation the more severe is the restriction and the more dis-
proportionate they become as adults. The loss in potential height 
ranges from 10 cm at the age of 1 year to 7 cm at 5 years (Wallace 
et al., 1990).

Prognosis
The majority of patients with Wilms tumour will be cured. In part 
this is because most patients will present with histologically favour-
able, low-stage disease, but there have also been genuine advances 
in chemotherapy, so that the vast majority of Wilms tumour 

patients are cured, many with minimal short- or long-term mor-
bidity. Overall 5 year survival rates are now over 90% (Smith et al., 
2014). Poor outcomes are concentrated in patients with highest 
stage disease.

Further reading
National Cancer Institute (updated 8 July 2015) Wilms Tumor and Other 

Childhood Kidney Tumors Treatment–for health professionals (PDQ®) 
http://www.cancer.gov/types/kidney/hp/wilms-treatment-pdq Accessed 
1 Aug 2015.

Israles, T., Moreira, C. l, Scanlan, T., et al. (2012). SIOP PODC: Clinical 
guidelines for the management of children with Wilms tumour in a low 
income setting. Ped Blood Cancer 60, 5–11.

Dome, J. S., Huff, V. (update Sep 2013). Wilms tumor overview. Gene 
Reviews (Pagon RA, Adam MP, Ardinger HH, et al., eds.) Seattle (WA): 
University of Washington, Seattle; 1993–2015. http://www.ncbi.nlm.nih.
gov/books/NBK1294

Human, C., Beckwith, J. B., Smith, A. C., Weksberg, R. (updated 2010). 
Beckwith-Wiedemann Syndrome. Gene Reviews (Pagon RA, Adam 
MP, Ardinger HH, et al., eds.) Seattle (WA): University of Washington, 
Seattle; 1993–2015. http://www.ncbi.nlm.nih.gov/books/NBK1394
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CHAPTER 174

The patient with haemolytic 
uraemic syndrome/thrombotic 
thrombocytopenic purpura
Marina Noris and Tim Goodship

Introduction
The patient who presents with microangiopathic haemolytic anae-
mia, thrombocytopenia, and evidence of acute kidney injury can be 
a diagnostic and management challenge. Haemolytic uraemic syn-
drome (HUS) and thrombotic thrombocytopenic purpura (TTP) 
are two of the conditions that frequently present with this triad 
(Table 174.1).

The term HUS was first used by the Swiss haematologist Conrad 
Von Gasser in a paper published in 1955 (Gasser et  al., 1955). 
In this paper, Von Gasser described five patients with renal fail-
ure, thrombocytopenia, and acquired haemolytic anaemia. Since 
then HUS has mainly been used in association with a thrombotic 
microangiopathy occurring following infection with verocytotoxin 
(Shiga-like toxin) producing bacteria, particularly enterohaemor-
rhagic Escherichia coli (STEC). Most individuals with this condition 
(STEC-HUS) recover renal function. Less often, patients present 
with the features of HUS without any evidence of infection with 
verocytotoxin-producing bacteria. In this group, the prognosis is 
worse with a significant number developing end-stage renal failure. 
Over time, the prefix ‘atypical’ has been added to define this group.

The term TTP was first used by Singer et al. in a paper that was 
published in Blood in 1947 (Singer et al., 1947). They described one 
case of their own and identified 11 previously reported cases which 
were characterized by:
u ‘Petechiae and ecchymoses, thrombocytopenia, prolonged 

bleeding time and poor clot retraction’
u ‘Mild acholuric jaundice, hepatosplenomegaly’
u ‘Bizarre and intermittent mental and neurologic symptoms 

and signs’
u ‘A transient leukemoid reaction in the peripheral blood.’

They stated that ‘this clinical picture must be correlated with a 
remarkable histologic pattern, namely the presence of myriads of 
platelet thrombi in the small arterioles and capillaries of almost all 
organs of the body’. Of the 11 previously reported cases included 
in this paper, the first was from Eli Moschowitz. In 1925, he 
reported a case in a16-year-old female which as the title of paper 
states was characterized by ‘an acute febrile pleiochromic anaemia 
with hyaline thrombosis of the terminal arterioles and capillaries’ 

(Moschcowitz, 1925). This in retrospect was recognized to be the 
first description of what 22 years later became known as TTP.

The past two decades have seen a remarkable increase in our 
understanding of the molecular mechanisms underlying these 
conditions. The nomenclature used to describe diseases character-
ized by a thrombotic microangiopathy has been a source of debate 
for decades. Defining the molecular mechanisms underlying these 
conditions in the past two decades enabled the development of a 
mechanistic classification (Besbas et al., 2006).

Shiga toxin-producing 
Escherichia coli-associated haemolytic 
uraemic syndrome
Epidemiology
HUS is rare with an overall incidence of 0.2–1 case for 100,000 per-
sons/year, with a peak of 5–6 per 100,000/year in children under 
the age of 5 years (Noris and Remuzzi, 2009). Most cases (> 90% 
of those in children) are associated with infection by strains of 
Escherichia coli that produce potent cytotoxins, the Shiga-like 
toxins (Stxs) (Table 174.1). The best known Stx-producing 
Escherichia coli (STEC) strain is O157:H7 (Mead and Griffin, 
1998), but infections sustained by STEC strains belonging to 
serogroups other than O157, like O26, O111, O103, O123, O145, 
and the O104:H4 strain isolated in the recent German outbreak, 
have been increasingly reported (Caprioli et  al., 2005; Frank 
et  al., 2011). High rates of HUS have been reported in regions 
of South America, especially Argentina, where HUS is endemic 
with an incidence 5–10 times higher than in North America. In 
Argentina, STEC-HUS is the main cause of acute kidney injury 
in children and the second commonest cause of chronic renal 
failure, accounting for 20% of renal transplants in children and 
adolescents (Palermo et al., 2009).

STEC-HUS occurs primarily in children except in epidemics 
when it may occur in patients with a wider range of ages. For exam-
ple, from May 2011 until July 2011, several European Countries, 
particularly Northern Germany, experienced one of the largest 
STEC-HUS outbreaks ever reported with 3816 patients suffering 
from E. coli O104:H4 infection, with 845 HUS cases. Almost 90% 
of affected patients were adults and, compared to previous STEC 
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epidemics, there was a higher prevalence of affected young and 
middle-aged women (Frank et al., 2011).

Infection with STEC is more common in the warm summer 
months in both the northern and southern hemispheres. The con-
sistency of this finding, together with the observation that STEC 
shedding by animals is also seasonal (Mead and Griffin, 1998), sug-
gests that climatic factors play an important role in determining the 
incidence of human infection.

Healthy cattle are a major reservoir for human infection with 
STEC. Environmental studies have shown that the organism 
can persist in manure, water troughs, and other places on farms 
(Mead and Griffin, 1998). In addition to cattle, the bacteria have 
been isolated from deer, sheep, goats, horses, dogs, birds, and flies 
(Chapman et al., 1997; Caprioli et al., 2005). Shedding by rumi-
nants is particularly common, suggesting these animals provide a 
specific niche for the bacterium. Although most human infections 
occur in urban areas, people living in rural areas may be at greater 
risk of infection, presumably because of greater exposure to live-
stock (MacDonald et al., 1996).

STEC is transmitted by food and water, directly from one person 
to another, and occasionally through occupational exposure. Most 
food-borne outbreaks have been traced to food derived from cattle, 
especially ground beef and raw milk (Mead and Griffin, 1998). Meat 
probably becomes contaminated at the time of slaughter and grind-
ing may compound the problem by introducing the pathogen into 
the interior of the meat, where it is more likely to survive cooking.

In Argentina, the high incidence of STEC-HUS has been associ-
ated with the extensive cattle farming and the high consumption 

of meat. About 20% of Argentine children start to eat meat at 
5 months old, and 80% of them have meat in their diets at least 
three times a week. Eighty per cent of the meat consumed is under-
cooked (Rivas et al., 2006).

In the past few years, fruits and vegetables have accounted for 
a growing number of recognized STEC infections. Radish sprouts 
have been implicated in several O157:H7 outbreaks in Japan (Mead 
and Griffin, 1998). In the United States, fresh produce such as let-
tuce, apple cider, unpasteurized apple juice, and alfalfa sprouts have 
been implicated. A widespread outbreak associated with spinach in 
North America had dramatically higher than typical rates of both 
hospitalization (52%) and HUS (16%), due to the emergence of a 
new variant of O157:H7 serotype that has acquired several gene 
mutations that likely contributed to more severe disease (Manning 
et al., 2008). While some produce-associated outbreaks may be due 
to cross-contamination from meat products, others are more likely 
to reflect direct contamination in the field with faeces of wild or 
domestic animals (Centers for Disease Control and Prevention, 
1997). Sprouts may pose a special hazard since pathogens present 
in trace amounts in seeds may multiply during sprouting. The 
consumption of sprouts was identified as the most likely vehi-
cle of infection in the large recent German O104:H4 epidemic in 
Germany (Buchholz et al., 2011; Frank et al., 2011). The chain of 
transmission appeared to have started in Egypt with faecal con-
tamination of fenugreek seeds by either humans or farm animals. 
During sprout germination, bacteria multiplied and produced large 
amounts of toxin and were then diffused with food provided to 
restaurants and consumers. It has been suggested that the higher 

Table 174.1 Classification of haemolytic uraemic syndrome (HUS) and thrombotic 
thrombocytopenic purpura (TTP) according to clinical presentation and underlying aetiology

Clinical presentation Aetiology

Haemolytic uraemic syndrome

STEC-associated Infections by Stx-producing bacteria

Neuraminidase associated Infections by Streptococcus pneumoniae

Atypical Mutations: CFH, 30%; CFI, 5–10%; C3,

8–10%; MCP, 10–15%; THBD, 4%;

CFB, 1–2%.

Anti-CFH autoantibodies: 5–10%

Thrombotic thrombocytopenic purpura

Congenital Homozygous or compound

heterozygous ADAMTS13 mutations

Idiopathic Anti-ADAMTS13 autoantibodies

Secondary Ticlopidine

clopidogrel

Anti-ADAMTS13 autoantibodies

(ticlopidine: 80–90%, clopidogrel: 30%)

HSC transplantation Unknown, rarely low ADAMTS13

Malignancies Unknown, rarely low ADAMTS13

HIV HIV virus, rarely low ADAMTS13

SLE, APL, and other 
autoimmune disease

Depends on the primary diseases

APL = antiphospholipid syndrome; HSC = haematopoietic stem cell transplantation; SLE = systemic lupus erythematosus; STEC = 
Shiga-like toxin producing E.coli; Stx = Shiga-like toxin.
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prevalence of women in this outbreak reflects a gender-specific 
dietary preference (Frank et al., 2011).

Waterborne outbreaks of STEC O157 infection have occurred as 
a result of drinking and swimming in unchlorinated water (Akashi 
et  al., 1994; Keene et  al., 1994). Person-to-person transmission 
occurs in day-care and chronic care facilities; settings that combine 
a high potential for transmission with a population at increased risk 
for severe outcomes (Mead and Griffin, 1998).

In humans, STEC may be shed in the stools for several weeks 
following resolution of symptoms. In general, young children carry 
the organism longer than do older children or adults. In one study, 
the median duration of faecal shedding among children < 5 years 
old was 17 days after onset of symptoms (Belongia et al., 1993).

Clinical features
Following exposure to STEC, 38–61% of individuals develop 
haemorrhagic colitis and 3–9% (in sporadic infections) to 20% (in 
epidemic forms) progress to overt HUS (Mead and Griffin, 1998; 
Banatvala et  al., 2001). STEC-induced haemorrhagic colitis not 
complicated by HUS is self-limiting and is not associated with an 
increased long-term risk of high blood pressure or renal dysfunc-
tion, as shown by a 4-year follow-up study in 951 children who 
were exposed to a drinking water outbreak of E. coli 0157:H7 (Garg 
et al., 2006).

STEC-HUS is defined as the triad of haemolytic anaemia with 
erythrocyte fragmentation, thrombocytopenia, and acute kidney 
injury (Garg et al., 2009) that occurs after a prodromal infection by 
a STEC strain. The average interval between E. coli exposure and 
illness is 3 days. Illness typically begins with abdominal cramps and 
non-bloody diarrhoea; diarrhoea may become haemorrhagic in 
70% of cases, usually within 1 or 2 days (Mead and Griffin, 1998). 
Vomiting occurs in 30–60% of cases and fever in 30%. Leucocyte 
count is usually elevated, and a barium enema may demonstrate 
‘thumb-printing’, suggestive of oedema and submucosal haemor-
rhage, especially in the region of the ascending and transverse colon. 
HUS is usually diagnosed 6–10 days after the onset of diarrhoea 
(Mead and Griffin, 1998). After infection, STEC may be shed in the 
stools for several weeks after the symptoms are resolved, particu-
larly in children < 5 years of age (Ruggenenti et al., 2001). Bloody 
diarrhoea, fever, vomiting, elevated leucocyte count, extremes of 
age, and female sex, as well as the use of antimotility agents, have 
been associated with an increased risk of HUS following an E. coli 
infection (Mead and Griffin, 1998; Beatty et al., 2004).

STEC-HUS is not a benign disease. Seventy per cent of patients 
require red blood cell transfusion, and 40–50% of cases require 
dialysis for an average duration of approximately 10 days, while 
the remainder have milder renal involvement without the need for 
dialysis (Milford, 1992; Mead and Griffin, 1998; Garg et al., 2003). 
About 25% of STEC-HUS patients have neurological involvement, 
including lethargy, apnoea, cortical blindness, hemiparesis, stroke, 
seizure, and coma (Tarr et al., 2005). There is evidence that the fre-
quency and severity of neurological complications may be related 
to the intensity of the antecedent enteritis, evidenced by the degree 
of bloody diarrhoea and gastrointestinal symptoms (Siegler, 1995). 
Rare complications include pancreatitis, diabetes mellitus, and 
pleural and pericardial effusions.

Although mortality for infants and young children in industri-
alized countries decreased with the introduction of dialysis and 

intensive care facilities, 1–2% of patients still die during the acute 
phase of STEC-HUS (Milford, 1992)

Disease presentation and outcome were particularly severe dur-
ing the STEC O104:H4 German outbreak, in which 50 of the 845 
HUS cases in Germany died and 15 in other countries by 20 July 
2011 (Blaser, 2011). Compared to previous STEC epidemics there 
was a higher incidence of dialysis-dependant kidney failure (20% 
vs 6%) and death (6% vs 1%) (Frank et al., 2011). Near half of the 
patients presented neurological symptoms that occurred on aver-
age 5.3 days after the onset of diarrhoea and 4 days after onset of 
HUS. Of the patients with neurological symptoms, 67% presented 
with cognitive impairment and aphasia. During the course of the 
disease, 20% of the patients suffered seizures. The onset of neuro-
logical symptoms was paralleled by increases in blood urea nitro-
gen and serum creatinine. Magnetic resonance imaging in these 
patients showed symmetrical hyperintense areas in the region of 
abducens nucleus and lateral thalamus. On follow-up scans, these 
abnormalities had resolved (Magnus et al., 2012).

The severe clinical phenotype seen in the German epidemic 
was in part explained by lack of previous immunity to this novel 
STEC strain and also by the exceptional virulence of the strain 
(Ruggenenti and Remuzzi, 2011). E.  coli O104:H4 not only pro-
duces the same Shiga toxin as STEC enterohaemorrhagic strains 
(Qin et  al., 2011)  but also has 93% of the genomic sequence of 
enteroaggregative E.  coli. These strains of E.coli form fimbriae 
which facilitate adhesion to the intestinal wall. The evolution of 
E.coli O104:H4 is likely the result of the acquisition by an entero-
aggregative strain of E.coli of a Shiga toxin-encoding phage from 
a Shiga toxin-producing enterohaemorrhagic strain of E.coli. The 
combination of these two virulence factors would lead to increased 
gut colonization and thus the release of increased quantities of toxin 
into the circulation. Moreover, while enterohaemorrhagic E. coli 
are found in the gastrointestinal tract of ruminants, enteroaggre-
gative E. coli have adapted to the human gut and appear to have 
their reservoir in humans (Qin et al., 2011). This might explain why 
this strain has acquired new resistances to antibiotics most com-
monly used in human disease that are in large part mediated by 
extended-spectrum beta-lactamases (ESBLs) (Frank et al., 2011).

Investigations
Detection of STEC and Stx
Diagnosis depends on the detection of E.coli O157:H7 and other 
Stx-producing bacteria and their products in stool cultures. When 
infection with a STEC is suspected, physicians should ensure that 
stool specimens are collected promptly and specifically cultured for 
the organism. In one study, detection of E. coli O157 in cultures 
declined from > 90% for stools collected during the first 6 days of 
illness to 33% for stools collected later (Tarr et al., 1990). Unlike 
most other E.  coli, serotype O157:H7 does not ferment sorbitol 
rapidly and thus forms colourless colonies on sorbitol containing 
MacConkey agar (SMAC).The use of SMAC provides a simple, 
inexpensive and generally reliable method of screening stools for 
E. coli O157. Suspect colonies can be assayed for the O157 antigen 
with commercially available antiserum or latex agglutination kits. 
Newer protocols that use SMAC that contains cefixime tellurite, 
other selective culture media, immunomagnetic separation, and 
enzyme-linked immunosorbent assays to detect O157 lipopoly-
saccharide or Shiga toxins can further enhance detection (Mead 
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and Griffin, 1998). Unfortunately, none of the major non-O157 
serotypes has a known biochemical marker, such as the lack of 
sorbitol fermentation, to facilitate screening in the clinical labora-
tory. The use of tests that identify Shiga toxins or the genes encod-
ing them (by polymerase chain reaction) is helpful for diagnosis. 
Convalescent-phase serum samples can be assayed for antibodies 
to O157 or other specific strain-derived lipopolysaccharide (LPS), 
although this test is not commercially available and does not pro-
vide a diagnosis acutely (Mead and Griffin, 1998).

Laboratory findings
Laboratory features of thrombocytopenia and microangiopathic 
haemolytic anaemia are almost invariably present in patients with 
STEC-HUS and reflect consumption and disruption of platelets 
and erythrocytes in the microvasculature (Ruggenenti et al., 2001; 
Noris and Remuzzi 2009). Haemoglobin levels are low (haemoglo-
bin ≤ 10 g/100 mL). Reticulocyte counts are uniformly elevated. 
The peripheral smear reveals increased schistocyte number, with 
polychromasia and, often, nucleated red blood cells. The latter may 
represent not only a compensatory response, but also damage to 
the bone marrow–blood barrier resulting from intramedullary vas-
cular occlusion. Detection of fragmented erythrocytes is crucial to 
confirm the microangiopathic nature of the haemolytic anaemia. 
Other indicators of intravascular haemolysis include elevated lac-
tate dehydrogenase (LDH), increased indirect bilirubin, and low 
haptoglobin levels (Ruggenenti et  al., 2001; Noris and Remuzzi, 
2009). The Coombs test is negative. Moderate leucocytosis often 
accompanies the haemolytic anaemia. Thrombocytopenia is uni-
formly present (platelets < 150 × 109/L). The presence of giant plate-
lets in a peripheral blood film and/or reduced platelet survival time 
is consistent with peripheral consumption. The duration and sever-
ity of thrombocytopenia is variable and does not correlate with the 
course of renal disease (Kaplan and Proesmans, 1987). Bone mar-
row biopsy specimens usually show erythroid hyperplasia and an 
increased number of megakaryocytes. Prothrombin time, partial 
thromboplastin time, fibrinogen level, and coagulation factors are 
normal, thus differentiating HUS from disseminated intravascu-
lar coagulation. Mild fibrinolysis with minimal elevation in fibrin 
degradation products, however, may be observed. Blood leucocyte 
counts are usually elevated, while faecal leucocyte counts are < 10 
per high-powered field in most patients, even in the presence of 
bloody diarrhoea (Mead and Griffin, 1998).

Evidence of renal involvement is present in all patients (by defi-
nition). Microscopic haematuria and subnephrotic proteinuria are 
the most consistent urinary findings.

The spectrum of the laboratory abnormalities among the patients 
may be very broad. Some patients develop mild elevation of LDH 
and serum creatinine levels, mild thrombocytopenia, and no neu-
rological symptoms, while others develop severe acute kidney 
injury with oligoanuria, LDH levels > 1000 mg/dL, and neurologi-
cal symptoms.

Pathology
Glomerular capillaries are the main site of damage in STEC-HUS. 
The predominant pathological appearances are glomerular 
thrombotic microangiopathy, characterized by a widened suben-
dothelial space, endothelial cell swelling and thrombosis in cap-
illaries and arterioles, with congested glomeruli (Inward et  al., 
1997). Arteriolar thrombosis is common mainly at the hilum of 
glomeruli and sometimes also proximally, involving interlobular 

arteries. Arteriolar thrombosis probably represents retrograde 
propagation of thrombus following stasis. Cortical infarcts are 
observed in cases with extensive thrombosis. Mesangial hypercel-
lularity with basement membrane duplication and crescents may 
be rarely observed (Inward et al., 1997). Raised numbers of neu-
trophils are observed within the glomeruli, which suggest a role 
for inflammatory cells in the pathogenesis of glomerular lesions 
(Inward et al., 1997).

A report of the autopsy findings in patients with STEC-HUS 
revealed significant extrarenal pathology. Large bowel involvement 
with areas of haemorrhagic necrosis and ulceration was the com-
monest finding in about 45% of cases. One-third of cases had lesions 
in the central nervous system with intracranial haemorrhage. This 
included not only large subdural haematomas but also parenchymal 
haemorrhages ranging from frequent extensive petechiae to rare 
haemorrhagic infarctions (Gallo and Gianantonio, 1995). Almost 
30% of patients showed lesions in the pancreas, mainly thrombotic 
microangiopathy in the islands of Langerhans, or in the heart with 
thrombotic microangiopathy in small myocardial vessels accompa-
nied by spotty necrosis (Gallo and Gianantonio, 1995).

Aetiology and pathogenesis
After food contaminated by STEC is ingested, the toxin is released 
into the gut and may cause watery, or most often, bloody diarrhoea 
because of a direct effect on the intestinal mucosa. Stx-producing 
E.coli closely adhere to the epithelial cells of the gastrointestinal 
mucosa causing destruction of brush border villi (Donnenberg 
et al., 1993). Stxs are transported to the intracellular space of polar-
ized gastrointestinal cells via transcellular pathways and then trans-
locate into the circulation (Acheson et al., 1996), facilitated by the 
transmigration of neutrophils (polymorphonuclear neutrophils) 
(Hurley et  al., 2001), which increase paracellular permeability. 
Circulating human blood cells, such as erythrocytes (Bitzan et al., 
1994), platelets (Cooling et al., 1998), and monocytes (van Setten 
et al., 1996) express Stx receptors on their surface and have been 
suggested to serve as Stx carriers from the intestine to the kidney 
and other target organs.

The disease is caused by two distinct exotoxins—Stx-1 and 
Stx-2—almost identical to the toxin produced by Shigella dysente-
riae type 1 (O’Brien et al., 1983). Both Stx-1 and Stx-2 are 70-kDa 
AB5 holotoxins comprising a single A subunit of 32 kDa and five 
7.7-kDa B subunits. Interestingly, an AB5 toxin comprising a single 
35-kDa A subunit and a pentamer of 13-kDa B subunits has been 
isolated from a highly virulent E. coli strain (O113:H21) respon-
sible for an outbreak of HUS. This AB5 toxin may represent the 
prototype of a new class of toxins, accounting for HUS associated 
with strains of E. coli that do not produce Stxs (Paton et al., 2004). 
Despite their similar sequences, Stx-1 and Stx-2 cause different 
degrees and types of tissue damage as documented by the higher 
pathogenicity of strains of E. coli that produce only Stx-2 than of 
those that produce Stx-1 alone (Scotland et al., 1987; Ostroff et al., 
1989; Cimolai et  al., 1990). In a study in children who became 
infected by STEC, E. coli strains producing Stx-2 were most com-
monly associated with HUS, whereas most strains isolated from 
children with diarrhoea alone or remaining asymptomatic only 
produced Stx-1 (Jenkins et al., 2003). This is also true in mice and 
baboons (Siegler et al., 2003).

Stx-1 and Stx-2 bind to different epitopes on the Gb3 molecules 
and they also differ in binding affinity and kinetics (Nakajima 
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et  al., 2001). Surface plasmon resonance analysis showed that 
Stx-1 easily binds to and detaches from Gb3, in contrast to Stx-2, 
which binds slowly but also dissociates very slowly, thus leav-
ing sufficient time for the toxin to be incorporated into the cell 
(Nakajima et al., 2001).

In the kidney, Stxs bind mainly to glomerular endothelial cells 
but also to podocytes, mesangial cells, and proximal tubules, as 
shown by immunohistochemical staining (Uchida et  al., 1999; 
Chaisri et al., 2001). These results, however, are based on a limited 
sample and caution is warranted before generalizing findings.

After binding to endothelial cell receptors, the toxin is inter-
nalized in the cell within 2 hours and inhibits proteins synthesis 
(Sandvig et al., 1989; Petruzziello-Pellegrini and Marsden, 2012). 
The number of high-affinity receptors is a major determinant of 
susceptibility of cells to Stxs. Therefore, cell viability and protein 
synthesis of endothelial cells of the kidney were reduced by 50% 
upon exposure to 1 pM Stx, unlike endothelial cells of umbilical 
vein that were viable up to greater than 1 nM exposure to the 
toxin. These findings are consistent with basal levels of Stx recep-
tors 50 times higher in renal endothelium than in the umbili-
cal cord endothelium (Zoja et al., 2010). During internalization, 
the alpha subunit of the toxin dissociates from the beta subu-
nits, followed by retrograde transport of the alpha subunit to the 
Golgi apparatus (Petruzziello-Pellegrini and Marsden, 2012). 
Approximately 10% of the alpha subunit protein is removed in a 
trypsin-like process, resulting in a maximally active 27-kDa sub-
unit enzyme. It is well established that this fragment is a direct 
inhibitor of protein synthesis and is responsible for the cytotoxic 
action of the toxin. Stxs selectively inactivate 60S ribosomal sub-
units by removing one nucleotide in the 28S ribosomal RNA in 
a nucleotide-specific manner (Zoja et al., 2010). Recent studies 
indicate that manganese can interfere with the retrograde move-
ment of Stxs to the Golgi apparatus, leading to enhanced degra-
dation of the toxins in lysosomes (Mukhopadhyay and Linstedt, 
2012). Treatment of mice with manganese reduced lethality 
of Stxs.

For many years it was assumed that the only relevant biologic 
activity of Stxs was to block protein synthesis and thus destroy 
endothelial cells. However, treatment of endothelial cells with 
sublethal doses of Stxs, exerting minimal influence on protein 
synthesis, leads to increased mRNA levels and protein expression 
of chemokines, such as interleukin (IL)-8 and monocyte chemoat-
tractant protein-1 (MCP-1) and cell adhesion molecules, a pro-
cess preceded by nuclear factor kappa B (NF-κB) activation (Zoja 
et al., 2002). Adhesion molecules seem to play a critical role in 
mediating binding of inflammatory cells to endothelium. Indeed, 
Stx-2 treatment enhanced the number of leucocytes adhering and 
migrating across a monolayer of human endothelial cells (Morigi 
et al., 1995). Moreover, preventing IL-8 and MCP-1 overexpression 
by adenovirus-mediated NF-κB blocking, inhibited adhesion and 
transmigration of leucocytes (Zoja et al., 2002). Therefore, it can 
be inferred that Stxs, by altering endothelial cell adhesion proper-
ties and metabolism, favour leucocyte-dependent inflammation 
and induce loss of thromboresistance in endothelial cells, lead-
ing to microvascular thrombosis. Evidence for such a sequence of 
events has been obtained in experiments of whole blood flowing 
on human microvascular endothelial cells, pre-exposed to Stx-1, at 
high shear stress (Morigi et al., 2001). In these circumstances early 
platelet activation and adhesion occurs, followed by formation 

of organized endothelial P-selectin and platelet-endothelial cell 
adhesion molecule (PECAM)-1-dependent thrombi. This offers 
a likely pathophysiologic pathway for microvascular thrombosis 
in HUS.

Recent findings indicate that Stxs enhance endothelial cell 
expression of the chemokine receptor CXCR4 and its ligand 
stromal cell-derived factor-1 (SDF-1). Specific blockade of this 
ligand-receptor system ameliorated Stx-induced HUS in mice 
(Petruzziello-Pellegrini et  al., 2012). Interestingly, plasma levels 
of SDF-1 were nearly fourfold higher in children with Stx-HUS 
(Petruzziello-Pellegrini et  al., 2012). SDF-1 has been shown to 
enhance platelet activation by low levels of ADP or thrombin, 
leading to increased aggregation through CXCR4. Therefore, 
increased SDF-1 levels may be an important mechanism involved 
in STEC-HUS pathogenesis.

Evidence is also emerging that complement activation at renal 
endothelial level may contribute to microangiopathic lesions in 
STEC-HUS. High plasma levels of complement activation prod-
ucts Bb and C5b-9, were recently measured in 17 children with 
STEC-HUS, indicating complement activation via alternative 
pathway (Thurman et  al., 2009). Another study reported that 
Stx-2 binds to the plasma complement regulatory protein, factor 
H, and may activate complement in the fluid phase in vitro (Orth 
et al., 2009). In a recent study, Stx-induced complement activa-
tion, via P-selectin, was identified as a key mechanism of micro-
vascular thrombosis in STEC-HUS. Stx-1 induced the expression 
of P-selectin on cultured human microvascular endothelial cell 
surface, and P-selectin bound and activated C3 via the alterna-
tive pathway, leading to thrombus formation under flow condi-
tions (Morigi et al., 2011). In a murine model of HUS obtained 
by co-injection of Stx-2 and LPS and characterized by throm-
bocytopenia and renal dysfunction, upregulation of glomerular 
endothelial P-selectin was associated with C3 and fibrin deposits 
and platelet clumps. Treatment with anti-P-selectin Ab limited 
glomerular C3 accumulation. Factor B-deficient mice after Stx-2/
LPS exhibited less thrombocytopenia and were protected against 
glomerular abnormalities and renal function impairment, indi-
cating the involvement of complement activation—via the alter-
native pathway—in the glomerular thrombotic process in HUS 
mice (Morigi et al., 2011).

Other renal cells express Stx receptors and are targeted by Stx. 
In vitro, tubular epithelial and mesangial cells are as susceptible 
to the cytotoxic effects of Stx-1 and Stx-2 as endothelial cells. In 
mesangial cells, Stxs inhibit protein synthesis and proliferation 
without altering cell viability (van Setten et al., 1997). In human 
proximal and distal tubular epithelial cells, specific Stx binding 
to Gb3 receptors has been shown, with subsequent inhibition of 
protein synthesis and induction of apoptosis in a dose-dependent 
manner (Kodama et  al., 1999). The tubular damage caused by 
Stxs can lead to a reduction in the renal water handling capacity. 
Stx-2 and its B subunit inhibit water absorption across human 
renal tubular epithelial cell monolayers without altering short 
circuit current, mannitol permeability and inulin transport, indi-
cating the integrity of the paracellular pathway (Silberstein et al., 
2008). Stx administration to rats leads to a reduction in aqua-
porin 2 protein levels in the kidney and an elevation in aquaporin 
2 excretion in the urine (Sugatani et al., 2002). These data suggest 
that the binding of Stx-2 B subunit to the receptor may directly 
affect the membrane mechanisms related to water reabsorption, 
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which may contribute to the early events in the pathogenesis of 
renal dysfunction in STEC-HUS.

Treatment and outcome
Therapy
Treatment of typical STEC-HUS in children is based on supportive 
management of anaemia, renal failure, hypertension, and electro-
lyte and water imbalance. Intravenous isotonic volume expansion 
as soon as an E.  coli O157:H7 infection is suspected—that is 
within the first 4  days of illness, even before culture results are 
available—may limit the severity of kidney dysfunction and the 
need for renal replacement therapy (Ake et al., 2005). Up to 80% 
of patients receive packed red blood cells for symptomatic anae-
mia. Patients with severe STEC-HUS require careful monitoring, 
including urine output, weight, volume status, cardiovascular/res-
piratory function and early signs of central nervous system or other 
organ involvement.

Bowel rest is important for the enterohaemorrhagic colitis asso-
ciated with STEC-HUS. Antimotility agents should be avoided 
since they may prolong the persistency of E. coli in the intestinal 
lumen and therefore increase patient exposure to its toxin. The 
use of antibiotics should be restricted to the very limited num-
ber of patients presenting with bacteraemia (Chiurchiu et  al., 
2003) since in children with gastroenteritis they may increase the 
risk of HUS by 17-fold (Wong et al., 2000). A possible explana-
tion is that antibiotic-induced injury to the bacterial membrane 
might favour the acute release of large amounts of pre-formed 
toxin. Alternatively, antibiotic therapy might give E. coli O157:H7 a 
selective advantage if these organisms are not as readily eliminated 
from the bowel as are the normal intestinal flora. This might spe-
cifically apply to the O104:H4 strain, which has acquired a broad 
spectrum of resistance to antibiotics commonly used in human 
disease, such as cephalosporins, monobactams, fluorochinolones, 
co-trimoxazole, tetracyclines, and aminoglycosides which are in 
large part mediated by ESBL (Frank et al., 2011). Such antibiotic 
resistance may offer a selective advantage over the normal intes-
tinal flora upon exposure to one or more of the above antimicro-
bial agents administered at the onset of gastrointestinal symptoms 
(Ruggenenti and Remuzzi, 2011). Moreover, several antimicro-
bial drugs, particularly the quinolones, trimethoprim, and fura-
zolidone, are potent inducers of the expression of the Stx-2 gene 
and may increase the level of toxin in the intestine. Although the 
possibility of a cause-and-effect relationship between antibiotic 
therapy and increased risk of HUS has been challenged by a recent 
meta-analysis of 26 reports (Safdar et al., 2002), there is no indi-
cation at present to prescribe antibiotics. An interesting exception 
could be represented by azithromycin that has been recently pro-
posed to have some beneficial effect on duration of bacterial shed-
ding in STEC-HUS. In a group of 65 STEC-HUS patients from the 
German O104:H4 epidemic, studied at a single centre in Lubeck, 
the 22 patients who received azithromycin had a lower frequency 
of long-term STEC carriage (> 28 days) than the 43 who did not 
receive antibiotic treatment (Nitschke et al., 2012). These findings 
warrant confirmation for other STEC strains, as well as prospective 
evaluation and clinical trials.

When haemorrhagic colitis is caused by Shigella dysenteriae type 
1, early and empirical antibiotic treatment shortens the duration of 
diarrhoea, decreases the incidence of complications, and reduces 

the risk of transmission by shortening the duration of bacterial 
shedding. Thus, in developing countries where Shigella is the most 
frequent cause of haemorrhagic colitis, antibiotic therapy should be 
started early and even before the involved pathogen is identified.

Careful blood pressure control and renin–angiotensin sys-
tem blockade may be particularly beneficial in the long term for 
those patients who suffer chronic renal disease after an episode of 
STEC-HUS. A study in 45 children with renal sequelae of HUS fol-
lowed for 9–11 years documented that early restriction of proteins 
and use of angiotensin-converting enzyme inhibitors (ACEIs) may 
have a beneficial effect on long-term renal outcome, as documented 
by a positive slope of 1/Cr values over time in treated patients 
(Caletti et al., 2004). In another study, 8–15-year treatment with 
ACEIs after severe STEC-HUS normalized blood pressure, reduced 
proteinuria, and improved glomerular filtration rate (GFR) (Van 
Dyck and Proesmans, 2004).

An oral Stx-binding agent that may compete with endothelial 
and epithelial receptors for Stx in the gut (SYNSORB Pk) has been 
developed with the rationale of limiting target organs exposure 
to the toxin (Table 174.2). However, a prospective, randomized, 
double blind, placebo-controlled, clinical trial of 145 children 
with diarrhoea-associated HUS failed to demonstrate any ben-
eficial effect of treatment on disease outcome (Trachtman et  al., 
2003). Among newer treatments for STEC-HUS, development of 
Stx-neutralizing monoclonal antibodies, including dual antibod-
ies against Stx-1 and -2 (SHIGATEC, NCT0152199), to be given at 
the time of gastrointestinal infection is the most advanced (Bitzan 
2009). Peptides impairing STEC ability to survive under the acidic 
conditions of the gastric system could halt the disease process at 
even earlier stages by preventing bacterial intrusion into the gut 
(Lino et al., 2011). Heparin and antithrombotic agents may increase 
the risk of bleeding and should be avoided.

Efficacy of specific treatments in adult patients is difficult to 
evaluate, since most information is derived by uncontrolled series 
that may include also atypical HUS cases. In particular, no prospec-
tive, randomized trials are available to definitely establish whether 
plasma infusion or exchange may offer some specific benefit as 
compared to supportive treatment alone. However, compara-
tive analyses of two large series of patients treated (Dundas et al., 
1999) or not (Carter et al., 1987) with plasma suggest that plasma 
therapy may decrease the overall mortality of STEC 0157:H7 asso-
ciated HUS. Plasma infusion or exchange may therefore be consid-
ered in adult patients with severe renal insufficiency and central 
nervous system involvement.

Kidney transplant should be considered as an effective and safe 
treatment for those children who progress to end-stage renal dis-
ease (ESRD). Indeed, recurrence rates range from 0% to 10% (Artz 
et al., 2003; Loirat and Niaudet, 2003) and graft survival at 10 years 
is even better than in control children with other diseases (Ferraris 
et al., 2002).

Evidence that uncontrolled complement activation may con-
tribute to microangiopathic lesions of STEC-HUS (Thurman 
et al., 2009; Orth and Wurzner, 2010; Morigi et al., 2011) pro-
vided the background for complement inhibitor therapy in three 
children with severe STEC-HUS who fully recovered with the 
anti-C5 monoclonal antibody eculizumab (Lapeyraque et  al., 
2011b). These encouraging results prompted nephrologists to use 
eculizumab therapy in HUS in the STEC O104:H4 outbreak in 
Germany. In the setting of a multicentre, single-arm, open-label 
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28-week clinical study (EudraCT, 2011-002691-17; Clinicaltrials.
gov ID: NCT01410916) 328 patients with STEC-HUS, received 
eculizumab treatment. Preliminary results have been reported 
on 148 treated patients by Dr Rolf Stahl from the Hamburg 
University Medical Center during the 43th Annual Meeting of 
the American Society of Nephrology held in Denver in November 
2011. At the onset, 94 patients were on dialysis, 22 required venti-
lator support, and 129 were receiving plasma therapy. At 8 weeks 
of eculizumab treatment, platelet count and serum creatinine 
concentration normalized in 123 and 82 patients, respectively, 
and no patient died or had persistent seizures. However, other 
authors reported no significant difference in treatment efficacy 
between patients of the same German epidemic who received 
eculizumab together with plasma exchange (N = 189) and those 
who received plasma exchange alone (N = 229) (Kielstein, 2012). 
Whether eculizumab is a useful adjunct to treating the most 
severe forms of STEC-HUS need to be clarified by prospective 
randomized, controlled trials.

Clinical course
More than 90% of childhood cases of STEC-HUS fully recover 
from acute disease. In a report from the Walkerton Health Study 
on 19 children with STEC-HUS due to an E.coli O157:H7 outbreak, 
none required long-term dialysis and all had a serum creatinine 
that returned to the normal range (Garg et  al., 2009). However 
STEC-HUS can have serious long-term consequences for kidney 
function. A meta-analysis of 49 published studies (3476 patients, 
mean follow-up of 4.4  years) describing the long-term progno-
sis of patients who survived an episode of STEC-HUS, reported 

death or permanent ESRD in 12% of patients and a GFR < 80 mL/
min/1.73 m2 in 25% (Garg et al., 2003). The severity of acute ill-
ness, particularly central nervous system symptoms, the need for 
initial dialysis, and microalbuminuria in the first 6–8 months were 
strongly associated with a worse long-term prognosis.

Neuraminidase-associated haemolytic 
uraemic syndrome
Aetiology
This is a rare (Table 174.1) but potentially fatal disease that may 
complicate pneumonia, or less frequently, meningitis caused by 
Streptococcus pneumoniae (Brandt et al., 2002). Neuraminidase pro-
duced by Streptococcus pneumoniae, cleaves N-acetylneuraminic 
acid from the glycoproteins on the cell membrane of erythrocytes, 
platelets, and glomerular cells (Cochran et  al., 2004). Removing 
the N-acetylneuraminic acid exposes the normally hidden 
Thomsen–Friedenreich antigen (T-antigen) (McGraw et al., 1989), 
which can then react with anti-T IgM antibody naturally present in 
human plasma. This antigen–antibody reaction occurs more fre-
quently in infants and children and causes polyagglutination of red 
blood cells in vitro. This is the reason why, unlike in other forms of 
HUS, in neuraminidase-associated HUS there is a positive Coombs 
test. T-anti-T interaction on red cells, platelets, and endothelium 
was thought to explain the pathogenesis, whereas the pathogenic 
role of the anti-T cold antibody in vivo is uncertain (Eder and 
Manno, 2001). T-antigen exposure on red cells is detected using the 
lectin Hypogeae.

Table 174.2 Specific therapies used in HUS and TTP, dosing, and efficacy

Therapy Dosing Efficacy

Shiga toxin-binding

(Synsorb)

500 mg/kg per day for 7 days Not effective in preventing or treating STEC-associated HUS

Immunosuppressive:

  Prednisone 200 mg tapered to 60 mg/day then 5 mg 
reduction per week

Probably effective in addition to plasma exchange in patients with 
TTP and anti-ADAMST13 autoantibodies or in aHUS with anti-factor 
H autoantibodies and in forms associated with autoimmune diseases. 
Lack of evidence from controlled trials in immune-mediated HUS or 
TTP

  Prednisolone 200 mg tapered to 60 mg/day then 5 mg 
reduction per week

  Immunoglobulins 400 mg/kg/day

CD20 cell-depleting

(rituximab)

375 mg/m2 per week up to CD20 depletion Effective in treatment or prevention of TTP associated with 
immune-mediated ADAMTS 13 deficiency resistant to, or relapsing 
after, immunosuppressive therapy

Fresh frozen plasma:

  Exchange 1–2 plasma volumes/day First-line therapy for aHUS and TTP. Unproven efficacy in childhood 
STEC-HUS

  Infusion 20–30 mL/kg followed by 10–20 mL/kg/day Effective in prophylaxis of relapses in congenital TTP

  Cryosupernatant See plasma infusion/exchanges To replace whole plasma in case of plasma resistance or sensitization

  Solvent-detergent treated plasma See plasma infusion/exchanges To limit the risk of infections

Liver-kidney transplant To prevent CFH-associated HUS recurrence post-transplant. About 
30% mortality risk

Complement inhibition

(eculizumab)

900 mg weekly for the first 4 weeks

1200 mg every 14 days up to 6 months

Proven efficacy in aHUS on native kidneys and in the kidney grafts
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Clinical course and therapy
Patients, usually < 2  years old, present with severe microangio-
pathic haemolytic anaemia. The clinical picture is severe, with res-
piratory distress, neurological involvement, and coma. The acute 
mortality is about 25%.

The outcome is strongly dependent on the effectiveness of anti-
biotic therapy. In theory, plasma either infused or exchanged, is 
contraindicated, since adult plasma contains antibodies against the 
Thomsen–Friedenreich antigen that may accelerate polyagglutina-
tion and haemolysis (McGraw et al., 1989). Thus, patients should 
be treated only with antibiotics and washed red cells. In some cases, 
however, plasma therapy, occasionally in combination with ster-
oids, has been associated with recovery.

Atypical haemolytic uraemic syndrome
Epidemiology
Atypical haemolytic uraemic syndrome (aHUS) (Table 174.1) 
is significantly less common than STEC-HUS, accounting for 
approximately 5% of all types of HUS (Noris and Remuzzi, 2009). 
The incidence in the United States has been reported to be approxi-
mately 2 per million population per year (Constantinescu et al., 
2004) but European data suggest that it may be lower than this at 
about 0.5 per million population per year. aHUS affects all ages with 
a peak incidence under the age of 18 (Noris et al., 2010). Both sexes 
are equally affected in childhood (Sellier-Leclerc et al., 2007). In 
adults, the incidence and prevalence is greater in females (Sullivan 
et al., 2010).

Both sporadic and familial forms of aHUS are described 
(Kavanagh and Goodship, 2010). Various precipitants including 
non-enteric infections, drugs, malignancies, transplantation, and 
pregnancy have been described in the pathogenesis of aHUS. In 
approximately 20% of female patients with aHUS, the disease is 
associated with pregnancy (George, 2003; Fakhouri et  al., 2010; 
Goodship and Kavanagh, 2010); the disease tends to occur at term 
or postpartum. Pregnancy-associated increased concentrations of 
pro-coagulant factors, decreased fibrinolytic activity, and reduced 
expression of endothelial thrombomodulin may be predisposing 
factors. Drugs associated with aHUS include cytotoxics, immuno-
suppressants, and antiplatelet agents (Dlott et al., 2004). Other fac-
tors that have been recognized to precede the onset of the disease 
include diarrhoea, respiratory infection, and malignant hyperten-
sion (Noris et al., 2010). Determining whether preceding diarrhoea 
is secondary to a STEC infection is important as specific treatment 
for aHUS becomes available.

Inherited and acquired factors associated with aHUS
aHUS can be both familial and sporadic (Noris and Remuzzi, 2009). 
That aHUS could be familial has been recognized for many years 
(Kaplan et al., 1975; Berns et al., 1992; Kaplan and Leonard 2000). 
The inheritance was initially thought to be predominantly recessive 
(Kaplan et al., 1997) but it is now recognized that non-penetrance 
is a common feature which confounds the interpretation of inher-
itance; most families are dominant with impaired penetrance. In 
1998, Warwicker et al. published the results of a linkage study in 
three families with aHUS (Warwicker et  al., 1998). This showed 
segregation of the disease to an area on chromosome 1q32 contain-
ing a cluster of genes important in the regulation of complement 

activation (the RCA cluster). That complement abnormalities were 
associated with aHUS had been recognized for many years. In 
particular, both low levels of C3 and glomerular deposition of C3 
had been reported (Stuhlinger et al., 1974; Hammar et al., 1978; 
Carreras et al., 1981; Noris et al., 1999). The first candidate gene to 
be screened in the RCA cluster was factor H (CFH) because previ-
ous reports had shown an association between factor H deficiency 
and aHUS (Thompson and Winterborn, 1981; Pichette et al., 1994; 
Ohali et al., 1998). CFH mutation screening of the three families 
showed that in one of the families all affected members carried a 
heterozygous missense mutation in the C-terminal exon. Since 
then a series of studies have established in both the familial and 
sporadic forms of aHUS that dysregulation and/or excessive acti-
vation of the alternative pathway of complement plays a pivotal 
role in the pathogenesis of the disease (Fig. 174.1). In both forms, 
inherited and/or acquired abnormalities affecting components of 
the alternative complement pathway are found in approximately 
60% of patients. These include mutations in the genes encoding 
both complement regulators (factor H, factor I, membrane cofactor 
protein, and thrombomodulin) and activators (factor B and C3); 
and autoantibodies against factor H and factor I. Approximately 
20% of patients carry a mutation in more than one of these genes 
(Table 174.1).

Factor H
Factor H and other proteins within the RCA cluster share a com-
mon basic structure consisting of multiple (contiguous) homolo-
gous modules called short complement regulator (SCR) domains 
or complement control protein (CCP) modules. Factor H has 20 
SCRs each comprising approximately 60 amino acids. Mutations 
in CFH in aHUS patients have been widely described (Caprioli 
et al., 2001, 2006; Perez-Caballero et al., 2001; Richards et al., 2001; 
Manuelian et al., 2003; Dragon-Durey et al., 2004), are listed at the 
interactive FH-HUS mutation database (<http://www.FH-HUS.
org>) (Saunders et al., 2006, 2007), and are found in approximately 
30% of patients. The majority are heterozygous missense mutations 
that cluster in the C-terminal exons and are associated with normal 
factor H levels. A minority are deletions or missense mutations that 
result in either a truncated protein or impaired secretion. This leads 
to systemic factor H deficiency, usually heterozygous.

The clustering of missense mutations in the C-terminal region of 
the molecule is remarkable. The alternative pathway is activated by 
‘foreign’ surfaces. It exhibits spontaneous activity which is regulated 
by factor H. Factor H acts as a cofactor for factor I-mediated cleav-
age of C3b (cofactor activity) and accelerates the decay of the C3 
convertase C3bBb (decay accelerating activity) (Fig. 174.1). It also 
competes with factor B for binding to C3b and binds to polyanions 
on cell surfaces. The C-terminal region of factor H where muta-
tions cluster is known to be important in the latter two functions. 
Structural models suggest that it is impairment of the ability to 
inactivate surface bound C3b in particular that is important in the 
pathogenesis of aHUS (Kajander et al., 2011; Morgan et al., 2011). 
Functional studies have confirmed this finding (Sanchez-Corral 
et al., 2002; Manuelian et al., 2003; Sanchez-Corral et al., 2004; Jozsi 
et al., 2006; Lehtinen et al., 2009). To further test this in vivo, mouse 
models of aHUS-associated CFH mutations have been generated. 
A mouse completely deficient in factor H (Cfh−/−) was found to 
have uncontrolled activity of the alternative pathway with very low 
C3 levels and a renal pathology similar to membranoproliferative 
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glomerulonephritis (MPGN), not aHUS (Pickering et  al., 2002). 
In contrast a mouse lacking the C-terminal end of factor H 
(Cfh−/−Δ16–20), designed to mimic the mutations commonly 
seen in aHUS had higher plasma C3 levels than the Cfh−/− mouse, 
and spontaneously develops aHUS, not MPGN (Pickering et al., 
2007). Missense mutations are also found to a lesser extent in the 
N-terminal region of the molecule where they have been shown to 
impair the regulatory function of factor H (Pechtl et al., 2011).

Genomic disorders affecting CFH have also been described in 
association with aHUS. Complement genes within the RCA cluster 
at chromosome 1q32 are arranged in tandem within two groups. In 
a centromeric 360 kb segment lie the genes for factor H (CFH) and 
five factor H-related proteins—CFHR1, CFHR2, CFHR3, CFHR4, 
and CFHR5. Sequence analysis of this region shows evidence of 
several large genomic duplications, also known as low copy repeats 
(LCRs), resulting in a high degree of sequence identity between 
CFH and the genes for the five factor H-related proteins (Jozsi and 
Zipfel, 2008). LCRs such as those seen in the RCA cluster are fre-
quently associated with genomic rearrangements (Lupski, 2007). 
These usually result from either gene conversion or non-allelic 
homologous recombination (NAHR) between LCRs. It has been 
observed that some of the mutations in the C-terminal exons of 
CFH have arisen by gene conversion (Heinen et al., 2006). It has 
been shown that NAHR in this region can lead to the formation of a 
hybrid gene consisting of the first 21 exons of CFH (encoding SCRs 
1–18 of the hybrid gene) and the last two exons of CFHR1 (encod-
ing SCRs 19 and 20 of the hybrid gene) (Venables et  al., 2006). 
This hybrid gene encodes a protein product that is identical to a 

functionally significant factor H mutant (Ser1191Leu/Val1197Ala) 
which arises by gene conversion. In addition to macrohomology 
in the RCA cluster there is also inevitably microhomology which 
predisposes to deletions through microhomology-mediated end 
joining rather than NAHR. This has been shown to result in the 
formation of a CFH/CFHR3 hybrid gene. The protein product of 
this is a 24-SCR protein which is secreted with normal fluid phase 
activity but marked loss of complement regulation at cell surfaces 
despite increased heparin binding (Francis et al., 2012).

Besides inherited defects in CFH, acquired abnormalities affect-
ing factor H function are also seen in the form of inhibitory autoan-
tibodies (Jozsi et al., 2007, 2008; Skerka et al., 2009; Dragon-Durey 
et al., 2010; Moore et al., 2010). Factor H autoantibodies are reported 
in 5–10% of aHUS patients. Analogous to the genetic defects seen 
in factor H, these autoantibodies also mainly target the C-terminal 
end of the protein, thereby impairing complement regulation on 
host cell surfaces. The development of factor-H autoantibodies in 
aHUS has a genetic predisposition, being strongly associated with 
a deletion of CFHR1 and CFHR3 which also arises through NAHR 
(Moore et al., 2010). Further analysis subsequently suggested that 
the association between the CFHR1/CFHR3 deletion and the pres-
ence of autoantibodies in aHUS is probably related to the absence 
of factor H-related protein 1 (Abarrategui-Garrido et  al., 2009; 
Moore et al., 2010). However, deficiency of factor H-related protein 
1 is not a prerequisite for formation of autoantibodies as patients 
with no evidence of deficiency of either of these factor H related 
proteins and high titres of autoantibodies have been described 
(Moore et al., 2010).

Alternative pathway of complement
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Fig. 174.1 The alternative pathway of complement activation. The alternative pathway is continuously activated in plasma by low-grade hydrolysis of C3 that binds 
factor B, to form a C3(H2O)B complex. Factor D cleaves factor B to form the alternative pathway initiation C3 convertase that cleaves C3 to C3b that binds to target 
cells such as bacterial cells and together with factor B form the amplification loop C3 convertase C3bBb. The binding of properdin stabilizes this enzyme. C3 convertase 
enzymes cleave many molecules of C3 to form the anaphylatoxins C3a, and C3b that forms additional C3 convertase, resulting in a positive feedback amplification loop. 
C3b also binds to the C3 convertase forming the C5 convertase enzyme C3b2Bb that cleaves C5 to the anaphylatoxin C5a and C5b. The latter then initiates the formation 
of the membrane-attack complex. The human complement system is highly regulated through a number of membrane-anchored and fluid phase regulators that 
inactivate complement products formed at various levels in the cascade and protect host tissues.
CD59 = protectin (prevents the polymerization of the membrane attack complex); CFB = complement factor B; CFH = complement factor H (acts as a cofactor for 
factor I for C3b cleavage and favours the decay of the C3 convertase of the alternative pathway); CFI = complement factor I (in red colour, degrades C3b and C4b); 
MCP = membrane cofactor protein (binds C3b and C4b and has cofactor activity for both the classical and the alternative pathways).
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Factor H and factor H-related protein 1 share a high degree of 
homology with the two C-terminal SCRs (4 and 5) of CFHR1 being 
almost identical to SCRs 19–20 of factor H.  It is not surprising, 
therefore, that autoantibodies to SCRs 19–20 of factor H also bind 
to SCRs 4–5 of factor H-related protein 1 (Moore et al., 2010).

Membrane cofactor protein (CD46)
Membrane cofactor protein (MCP, CD46) is a transmembrane 
complement regulator widely expressed on the surface of all cells 
apart from erythrocytes (Goodship et al., 2004) (Fig. 174.1). The 
extracellular domain comprises four SCRs followed by an alter-
natively spliced region rich in threonine, serine, and proline (the 
STP region) and a group of 12 amino acids. This is followed by 
the transmembrane domain and an alternatively spliced cytoplas-
mic tail which mediates signalling events. Together with factor I, 
MCP degrades C3b and C4b bound to the cell surface. Two simul-
taneous reports (Noris et al., 2003; Richards et al., 2003) initially 
reported mutations in MCP in association with aHUS. Since then 
further disease-associated MCP mutations have been described in 
approximately 15% of aHUS patients (Esparza-Gordillo et al., 2005; 
Caprioli et  al., 2006; Fremeaux-Bacchi et  al., 2006; Maga et  al., 
2010; Noris et  al., 2010). The functional effect of many of these 
mutations has been modelled. The majority result in reduced cell 
surface expression with a minority showing reduced C3b binding 
and cofactor activity (Richards et al., 2007).

Factor I
Factor I  is a soluble serine protease of the complement system 
which cleaves three peptide bonds in the alpha chain of C3b and 
two bonds in the alpha chain of C4b thereby inactivating these pro-
teins (Fig. 174.1). Factor H acts as a cofactor for C3b, C4 binding 
protein for C4b and membrane cofactor protein for both. Factor 
I  is a heterodimer of approximately 88 kDa which consists of a 
non-catalytic heavy chain of 50 kDa which is linked to a catalytic 
light chain of 38 kDa by a disulphide bond. The protein is synthe-
sized as a single-chain precursor of 565 amino acids, mainly in the 
liver. Four basic amino acids are then excised from the precursor 
before secretion of the heterodimer. Like many of the complement 
proteins, factor I has a modular structure. The heavy chain con-
tains two low-density lipoprotein receptor (LDLr) domains, a CD5 
domain, and a module found only in factor I and complement pro-
teins C6 and C7. The gene encoding factor I is located on chromo-
some 4q25 and spans 63 kb. It comprises 13 exons and there is a 
strong correlation between the exonic organization of the gene and 
the modular structure of the protein. The light chain of factor I, 
which is the serine proteinase region of the molecule, is encoded by 
five exons. The genomic organization of the enzymic part of factor I 
is similar to that of trypsin. CFI mutations are found in approxi-
mately 12% of aHUS patients (Kavanagh et al., 2008; Kavanagh and 
Goodship, 2010). Most mutations result in heterozygous quantita-
tive deficiency of factor I, although some mutants are secreted but 
have impaired proteolytic activity (Kavanagh et al., 2008; Bienaime 
et al., 2010). The functional effects of mutations in the heavy chain 
remain to be elucidated.

Factor B
Factor B carries the serine protease domain necessary for amplifica-
tion of the alternative pathway (Fig. 174.1). The alternative pathway 
convertase is assembled in two steps. First, C3b combines with fac-
tor B to form C3bB which is then cleaved by factor D producing the 

fragments Ba and Bb. Ba dissociates from the complex, Bb remains 
bound to C3b to form the active C3 convertase C3bBb. Dissociation 
of the two components of this complex results in inactivation of the 
convertase and is promoted by decay accelerating factor, comple-
ment receptor 1 and factor H. The gene encoding factor B (CFB) 
is located on chromosome 6p21.3 and consists of 18 exons coding 
for a five domain glycoprotein. The N-terminal Ba fragment con-
tains three complement control protein domains. The C-terminal 
Bb fragment contains two domains. The N-terminal type A domain 
contains the C3b-binding region and the C-terminal domain is 
the site of the serine protease. The frequency of CFB mutations 
in the cohorts of aHUS patients examined to date is low at < 3% 
(Goicoechea de Jorge et al., 2007; Roumenina et al., 2009; Maga 
et al., 2010; Noris et al., 2010). Functional analysis of the mutants 
has demonstrated either increased generation or enhanced stability 
of the alternative pathway convertase.

C3
C3 is the pivotal component of the complement system (Janssen 
and Gros, 2007). Activation of the classical, lectin, and alternative 
pathways results in cleavage of C3 to generate C3b and the ana-
phylatoxin C3a. When C3b is produced, the thioester is cleaved and 
this highly reactive species C bind covalently to targets. Interaction 
of factor B with C3b and subsequent cleavage of factor B by fac-
tor D results in formation of the alternative pathway C3 convertase 
C3bBb (Fig. 174.1). This represents an amplification loop. A series 
of complement regulators including factor H and membrane cofac-
tor protein prevent amplification through this loop by increasing 
the rate of dissociation of C3bBb and/or by serving as cofactors for 
factor I. The gene encoding C3 is located on chromosome 19 and 
comprises 41 exons, 16 of which encode the β chain and 25 the 
a chain. Mutations in C3 have been described in approximately 
10% of aHUS (Fremeaux-Bacchi et  al., 2008; Maga et  al., 2010; 
Noris et al., 2010). Functional analysis of five of the nine mutations 
revealed increased resistance to complement regulation and in 
another two, the mutations resulted in a decreased secretion of C3 
(Fremeaux-Bacchi et al., 2008). The mechanism by which impaired 
C3 secretion results in aHUS is as yet unclear.

Thrombomodulin
Thrombomodulin is a key component of the protein C anticoagu-
lation pathway where it facilitates the activation of protein C by 
thrombin. Additionally it enhances thrombin-mediated activation 
of plasma procarboxypeptidase B (TAFI) an inhibitor of fibrinoly-
sis that also inactivates complement-derived anaphylatoxins C3a 
and C5a. Thrombomodulin has been shown to downregulate the 
alternative pathway of complement by accelerating factor I medi-
ated inactivation of C3b in the presence of co-factors. Mutations in 
the gene encoding thrombomodulin have recently been shown to 
predispose to atypical HUS (Delvaeye et al., 2009; Maga et al., 2010; 
Noris et al., 2010). These mutations resulted in a loss of cofactor 
activity.

Factors affecting the development of aHUS
Characteristic of the familial form of aHUS is that approximately 
50% of individuals will not manifest aHUS despite carrying a muta-
tion in one of the aforementioned genes. Two other factors are 
thought to determine the development of the disease (Fig. 174.2). 
First, in most patients there is a trigger. Infection and pregnancy 
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are the most frequently described triggers (Fakhouri et al., 2010; 
Noris et  al., 2010). Second, a further genetic variant (modifier) 
can increase the risk of developing the disease. This can be in the 
form of either an additional mutation in one of the aforementioned 
genes and/or the presence of a common at-risk genetic variant. It 
is now recognized that approximately 20% of aHUS patients will 
have mutations in more than one gene (Maga et al., 2010; Noris 
et al., 2010). Common at-risk genetic variants (single nucleotide 
polymorphisms (SNPs) and haplotype blocks) in CFH, CD46, 
and CFHR1 have been shown to act as susceptibility factors for 
the development of the disease (Martinez-Barricarte et al., 2008; 
Abarrategui-Garrido et  al., 2009). Thus the presence of a rare 
genetic variant (mutation), a common at-risk genetic variant (SNPs 
and haplotype blocks), and a trigger may be necessary for the dis-
ease to be manifest (Rodriguez de Cordoba, 2010).

Investigation and treatment of aHUS
The increased understanding of the molecular mechanisms respon-
sible for the development of aHUS have underpinned the develop-
ment of national and international guidelines for the investigation 
and treatment of the disease (Ariceta et  al., 2009; Saland et  al., 
2009a; Taylor et al., 2010). Box 174.1 shows the investigations rec-
ommended in patients presenting with the clinical features of aHUS.

Currently plasma exchange and/or plasma infusions is the rec-
ommended first-line management (Table 174.2). Plasma exchange 
is commonly undertaken daily using 1–2 plasma volumes per ses-
sion in adults and 50–100 mL/kg in children. Typically plasma 
exchange is undertaken daily initially, the duration and frequency of 
treatment is then determined by the clinical response. Patients with 
abnormalities in soluble regulators such as factor H respond better 
to plasma exchange than patients with abnormalities in the trans-
membrane regulator MCP (Noris et al., 2010). Despite treatment 
with plasma therapy the majority of patients progress to end-stage 
renal failure within 3 years of presentation (Noris et al., 2010). While 
no problems have been reported with the use of haemodialysis and 

peritoneal dialysis in aHUS the use of transplantation has been 
controversial. The risk of recurrent HUS post transplant is approxi-
mately 50% but is significantly greater (~ 80%) in patients known to 
have a mutation in either CFH or CFI (Bresin et al., 2006). In con-
trast, the outcome for patients known to have only an MCP muta-
tion is favourable (Kavanagh et al., 2010). Because both factor H 
and factor I are produced mainly by the liver, combined liver/kidney 
transplantation is a logical therapeutic option. Whilst the outcome 
in initial reports of this modality was less favourable (Remuzzi et al., 
2002a), more recent reports (Saland et al., 2006; Jalanko et al., 2008; 
Saland et al., 2009b; Wilson et al., 2011) suggest that a favourable 
long-term outcome is possible. Pivotal to this is the use of prophy-
lactic plasma exchange immediately prior to surgery (Saland et al., 
2009a). Another option is to undertake a renal transplant alone with 
prophylactic plasma exchange preoperatively, postoperatively, and 
long term. While this approach has been used successfully (Davin 
et al., 2008), recurrent disease can occur and patients may become 
intolerant of plasma exchange.

For some time there has been enthusiasm for the potential use of 
complement inhibitors in aHUS. Recent anecdotal case reports of 
the use of the anti-C5 monoclonal antibody eculizumab in aHUS 
have been encouraging (Table 174.2). In total there have been 13 
published reports (Chatelet et al., 2009; Gruppo and Rother, 2009; 
Mache et  al., 2009; Nurnberger et  al., 2009; Davin et  al., 2010; 
Larrea et al., 2010; Zimmerhackl et al., 2010; Al-Akash et al., 2011; 
Lapeyraque et  al., 2011a; Nester et  al., 2011; Duran et  al. 2012; 
Garjau et al. 2012; Kim et al. 2012). The patients’ ages ranged from 
18 months to 32 years. In six of these patients, eculizumab was used 
to treat recurrent disease post renal transplantation (four showed 
complete recovery and two partial). In six, eculizumab was given 
for aHUS affecting their native kidneys (two showed complete 
recovery and four partial recovery). In one patient the eculizumab 
was given prophylactically to cover a renal transplant in a patient 
with a factor H abnormality. The successful outcome in these anec-
dotal reports led to multicentre trials of eculizumab being under-
taken in aHUS. Based on these results, a licence for the use of 
eculizumab in aHUS has been granted by both the US Food and 
Drug Administration and the European Medicines Agency.

Thrombotic thrombocytopenic purpura
Epidemiology and classification
TTP (Table 174.1) is a rare disease, with an incidence of approxi-
mately 2–4 per million population/year (Crowther and George, 

Trigger

Common genetic variants

aHUS

Rare genetic variants

Fig. 174.2 Manifestation of aHUS in an individual may need the presence 
of a trigger such as pregnancy, a rare genetic variant such as a mutation in a 
complement gene, and a common genetic variant such as an at-risk haplotype in 
a complement gene.
Adapted from Kavanagh and Goodship (2010). Reproduced with permission of American 
Society of Hematology (ASH).

Box 174.1 Investigations recommended in a patient presenting 
with the clinical features of aHUS

u ADAMTS13 activity to exclude TTP
u Evidence of gastrointestinal Escherichia coli infection to 

exclude STEC-associated HUS
u C3, C4, factor H, and factor I levels
u MCP (CD46) expression on PBMCs
u Mutation screening of CFH, CFI, CD46, CFB, C3, and THBD
u Identification of genomic disorders—deletions and hybrid genes
u Factor H autoantibodies.
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2008; Galbusera et  al., 2006). It is more common in women 
(female:male ratio, 3:2–5:2) and in white people (white:black ratio, 
3:1). Although the peak incidence is in the third and fourth dec-
ades of life, TTP can affect any age group (Galbusera et al., 2006; 
George, 2006).

TTP may be primary and results from autoantibodies that inhibit 
the activity of ADAMTS13, a plasma metalloprotease that cleaves 
von Willebrand factor (vWF), or rarely from ADAMTS13 gene 
defects (Galbusera et al., 2006).

Secondary TTP may occur in relation to cancer, haematopoi-
etic stem cell or solid organ transplantation, chemotherapy, preg-
nancy, and certain drugs among which anti-aggregating agents 
such as ticlopidine and clopidogrel and calcineurin inhibitors such 
as ciclosporin and tacrolimus are best known (Table 174.1). The 
mechanism leading to the development of a TTP episode in sec-
ondary TTP mostly remains unclear; ADAMTS13 deficiency is 
rare (Galbusera et al., 2006).

Clinical features and investigations
TTP classically presents with the pentad of thrombocytopenia, 
microangiopathic haemolytic anaemia, fever, and neurological 
and renal dysfunction (Moschcowitz, 2003). Thrombocytopenia 
is essential for the diagnosis, most patients present with values 
< 60,000/µL (Galbusera et al., 2006; George, 2006). Most, but not 
all patients have very high levels of LDH (George, 2010). Anaemia 
usually becomes more severe during the week after diagnosis 
(George, 2010).

Purpura is minor and can be absent. Retinal haemorrhages can 
be present; however, bleeding is rare. Neurological symptoms 
can be seen in > 90% of patients during the entire course of the 
disease. Central nervous system involvement mainly represents 
thrombo-occlusive disease of the grey matter, but can also include 
headache, cranial nerve palsies, confusion, stupor, and coma. These 
features are transient but recurrent. Up to half of patients who 
present with neurological involvement may be left with sequelae. 
Renal insufficiency may occur. One group has reported 25% of 
patients to have creatinine clearance < 40 mL/min (Eknoyan and 
Riggs, 1986). Microscopic haematuria and subnephrotic proteinu-
ria are the most consistent urinary abnormalities. In a retrospec-
tive study of 216 patients with a clinical picture of TTP, haematuria 
was detected in 78% and proteinuria in 75% of cases (Eknoyan and 
Riggs, 1986). Sterile pyuria and casts were present in 31% and 24% 
of cases, respectively. Gross haematuria was rare. Low-grade fever 
is present in one-quarter of patients at diagnosis, but can often be 
seen as a consequence of plasma exchange. Other common pre-
senting features are gastrointestinal symptoms, possibly related to 
intestinal ischaemia, and symptoms of weakness and fatigue, pos-
sibly related to anaemia. Cardiac involvement may be common in 
TTP (George, 2010). In one study, some patients had elevations of 
serum troponin I, but evidence for acute myocardial infarction was 
rare (George, 2010). Less common manifestations include pancrea-
titis and sudden death (George 2006, 2010).

The typical pathologic changes of TTP are widespread hyaline 
thrombi, accompanied by variable fibroblastic infiltration and 
endothelial overlay, in the terminal arterioles and capillaries of mul-
tiple organs. The thrombi are found most extensively in the heart, 
brain, kidney, pancreas, spleen, mesentery, and adrenal gland, 
and are composed primarily of platelets and vWF (Tsai, 2010). 
Fibrin may be present surrounding or sometimes penetrating the 

amorphous or granular materials. In older lesions, hyaline deposits 
may be seen in the subendothelial layers of capillaries and between 
the endothelium and muscular layers of arterioles. Pre-occlusive 
pseudoaneurysmal dilatation may also be present. Fibrinoid necro-
sis and vascular or perivascular inflammatory cell infiltration are 
characteristically absent or minimally (Tsai, 2010).

Compared to HUS, pathologic changes of TTP are more exten-
sively distributed, probably reflecting the more systemic nature of 
the disease (Remuzzi et al., 1994).

Aetiology and pathogenesis
In the microvasculature of patients with TTP, systemic platelet 
thrombi develop, mainly formed by platelets and von Willebrand 
Factor (vWF). This protein plays a major role in primary haemo-
stasis forming platelet plugs at sites of vascular injury under high 
shear stress. vWF is a large glycoprotein synthesized in vascular 
endothelial cells and megakaryocytes as a high-molecular-weight 
polymer (Moake, 1998). Secretion of vWF occurs primarily via the 
Weibel–Palade bodies. Exocytosis of vWF from the storage granules 
may be swiftly increased by exposing endothelial cells to secreta-
gogues such as histamine, thrombin, phorbol myristate acetate or 
calcium ionophores. Upon stimulation, vWF is secreted by endothe-
lial cells as ultra-large (UL) multimers that form string-like struc-
tures attached to the endothelial cells, possibly through interaction 
with P-selectin (Padilla et  al., 2004). Under fluid shear stress, the 
UL-vWF strings are cleaved to generate the range of vWF multimer 
sizes that normally circulate in the blood, from approximately 500 
kDa to 20 million Da (Sadler 2008). The proteolytic cleavage of vWF 
multimers appears to be critical to prevent thrombosis in the micro-
vasculature. ADAMTS13 is the protease responsible for cleaving 
vWF at the peptide bond Y1605-M1606 in the A2 domain, creating 
140- and 176-kD fragments (Fig. 174.3).

ADAMTS13 is encoded by the homonymous gene located at 
chromosome 9q34 (Levy et  al., 2001). It is a zinc metallopro-
tease consisting of 1427 amino acid residues and has a nodular 
structure comprising a N-terminal signal peptide, a propeptide, a 
reprolysin-like metalloprotease domain, a disintegrin-like domain, a 
first thrombospondin type-1 motif (TSP1), a cysteine-rich domain, 
a spacer domain, seven additional TSP1 repeats, and two CUB (C1r/
C1s, urinary epidermal growth factor, bone morphogenic protein) 
domains. Plasma ADAMTS13 derives primarily from the stel-
late cells of the liver (Zhou et al., 2005). ADAMTS13 may also be 
expressed, albeit at lower levels, in other types of cells such as renal 
podocytes and tubular cells (Tsai 2010), vascular endothelial cells 
(Turner et al., 2006) and platelets (Tsai, 2010). The plasma concentra-
tion of ADAMTS13 is approximately 1 microgram/mL, or 5 nmol/L. 
The eliminated half-life of ADAMTS13 is 1–2 days in the circulation.

The interaction between ADAMTS13 and vWF is complex. The 
catalytic site of ADAMTS13 resides in the metalloprotease domain. 
The sequence downstream of the metalloprotease domain also 
interacts with vWF, thereby facilitating the attack on the vWF scis-
sile bond by the ADAMTS13 catalytic site. Similarly, shear stress 
makes vWF susceptible to cleavage by ADAMTS13 by unfolding 
vWF multimers to an elongated form and exposing the scissile 
bonds (Tsai et al., 1994).

ADAMTS13 is deficient in the majority of patients with primary 
TTP leading to accumulation of UL-vWF multimers that are highly 
reactive with platelets (Furlan et al., 1998a; Tsai and Lian 1998). 
Exposure of UL-vWF multimers and platelets to shear stress leads 
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to platelet aggregation (Donadelli et al., 2006a). The levels of shear 
stress necessary for inducing platelet aggregation is in the range 
found in normal arteriolar and capillary circulation. Therefore 
vWF and platelets have a propensity to form aggregates in normal 
arterioles and capillaries that needs to be constantly regulated. By 
cleaving UL-vWF multimers before they are activated by shear 
stress to cause platelet aggregation, ADAMTS13 prevents sponta-
neous microvascular thrombosis in the normal circulation.

The platelet aggregation observed in patients with TTP and 
ADAMTS13 deficiency is thus a direct consequence of the 
appearance of UL-vWF multimers in the patient’s circulation. 
Consequently, microvascular thrombi occur in almost all organ 
vessels, resulting in diffuse organ ischaemia and thrombocytopenia 
secondary to platelet consumption. Microangiopathic haemolysis 
is caused by the passage of blood through the damaged capillaries 
and arterioles occluded by thrombi (Moake, 2002).

Two mechanisms for deficiency of the ADAMTS13 activity have 
been identified in patients with primary TTP, an acquired deficiency 
due to the formation of anti-ADAMTS13 autoantibodies (acquired 
TTP), and a genetic deficiency due to homozygous or compound 
heterozygous mutations in the ADAMTS13 gene  (congenital TTP) 
(Table 174.1).

TTP associated with immune-mediated deficiency 
of ADAMTS13
This is an immune-mediated, acquired form of TTP that accounts 
for the majority of cases (60–90%) reported to date as acute primary 
or sporadic TTP. The disease is characterized by a severe deficiency 
of ADAMTS13 (Tsai and Lian, 1998) whose activity is inhibited by 
specific autoantibodies that develop transiently and tend to disap-
pear during remission (Table 174.1) (Tsai and Lian, 1998; Veyradier 
et al., 2001; Ferrari et al., 2007). These inhibitory anti-ADAMTS13 
antibodies are mainly immunoglobulin (Ig)-G (Furlan et al., 1998b; 
Tsai and Lian, 1998; Ferrari et al., 2007), although IgM and IgA 
anti-ADAMTS13 antibodies have also been described (Ferrari 
et al., 2007).

Patients with TTP secondary to haematopoietic stem cell trans-
plantation, malignancies or HIV infection rarely have severe 
ADAMTS13 deficiency and inhibitory IgG antibodies (Vesely et al., 
2003; Zheng et al., 2004; Zheng and Sadler, 2008). TTP associated 
with ticlopidine and clopidogrel (thienopyridine drugs that inhibit 
platelet aggregation) represent interesting exceptions of secondary 
TTP consistent with a drug-induced autoimmune disorder. Severe 
ADAMTS13 deficiency and ADAMTS13 inhibitory antibodies 
were detected in 80–90% of patients with ticlopidine-associated 
TTP (Tsai et al., 2000; Zheng and Sadler, 2008) and in a few patients 
with clopidogrel-induced TTP (Zheng and Sadler, 2008). The defi-
ciency resolved after the drugs were discontinued. ADAMTS13 
inhibitors have not been described in other drug-associated TTP 
(quinine, mitomycin C and other cancer chemotherapeutic agents, 
calcineurin inhibitors) (Park et al., 2009). TTP diagnosed during 
pregnancy comprises approximately 7% of all TTP cases (George 
et al., 2008). The majority of these cases have acquired ADAMTS13 
deficiency (Gerth et  al., 2009), but pregnancy has also been 
reported as a triggering event in patients with genetic ADAMTS13 
deficiency (see below).

The ADAMTS13 epitopes recognized by autoantibodies have 
been mapped and so far all positive serum samples contain at 
least some antibodies directed against the Cys-rich/spacer domain 
(Soejima et al., 2003; Klaus et al., 2004). In some cases, the antibod-
ies were directed only against this epitope, but in the majority of 
patients combinations of antibodies were found, including antibod-
ies against CUB domains, the TSP1 repeats, and the ADAMTS13 
propeptide (Klaus et al., 2004). When cloned and prepared as mon-
oclonal antibodies, many of these antibodies inhibit ADAMTS13 
activity in vitro, and in vivo in mice (Zheng and Sadler, 2008).

Evidence for the pathogenicity of TTP-associated anti-  
ADAMTS13 autoantibodies is derived from the observation that 
they usually disappear from the circulation when remission is 
achieved by effective treatment and this occurs in parallel with the 
normalization of ADAMTS13 activity. In patients with acquired 
ADAMTS13 deficiency, a risk as high as 50% to develop relapses 
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Fig. 174.3 The pathophysiology of platelet thrombosis in TTP. Upon stimulation, vWF ultra-large (UL) multimers are secreted by endothelial cells into the circulation 
in a folded structure. Upon exposure to enhanced shear stress UL multimers form string-like structures that adhere to endothelial cells. Normally, UL-vWF strings are 
cleaved by ADAMTS13 to generate vWF multimers from 500 kDa to 20 million Da molecular weight to prevent thrombosis in the microvasculature (upper panel). When 
the ADAMTS13 proteolytic activity is defective because of the inhibitory effect of anti-ADAMTS13 autoantibodies or ADAMTS13 gene mutations, UL-vWF multimers 
accumulate and interact with activated platelets to facilitate platelet adhesion and aggregation, with thrombi formation and occlusion of the vascular lumen (lower 
panel).
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has been reported, and undetectable ADAMTS13 activity and per-
sistence of anti-ADAMTS13 inhibitors during remission predict 
recurrences (Ferrari et al., 2007).

TTP associated with congenital deficiency of ADAMTS13
This rare inherited form is associated with a genetic defect of 
ADAMTS13 and accounts for about 5% of all of cases of TTP 
(Table 174.1) (Galbusera et al., 2009). Emerging data indicate that 
patients with a clinical phenotype of HUS (Veyradier et al., 2001; 
Remuzzi et al., 2002b) may have a complete lack of ADAMTS13 
activity, albeit less frequently. Thus on clinical ground a possible 
inherited defect of ADAMTS13 cannot be excluded on the basis 
of predominance of renal involvement. TTP associated with con-
genital ADAMTS13 deficiency can present both with and without a 
family history of the disease (Furlan et al., 1998a; Levy et al., 2001; 
Veyradier et al., 2001). In both cases the disease is inherited as a 
recessive trait, as documented by the fact that ADAMTS13 levels in 
unaffected relatives of patients fall into a bimodal distribution with 
a group with half normal levels, consistent with carriers, and the 
other with normal values.

To date, > 100 ADAMTS13 mutations has been identified in 
patients with TTP (Levy et  al., 2001; Donadelli et  al., 2006b; 
Galbusera et  al., 2009; Loirat et  al., 2013)  (<http://www.ttpdata-
base.org>). Approximately 60% of these mutations are missense, 
causing single amino acid substitutions, and the remaining are 
nonsense, deletions or insertions causing frameshifts, or splice 
site mutants leading to a truncated protein. Only a few mutations 
have been described in more than one pedigree. A notable excep-
tion is 4143insA, which has been described in multiple pedigrees 
of Northern and Central Europe and in Turkey. Haplotype analysis 
suggested that most of the 4143insA mutant alleles probably origi-
nated from a common ancestry (Schneppenheim et al., 2006).

Studies on secretion and activity of the mutated forms of 
ADAMTS13 showed that most of these mutations led to impaired 
secretion of the protease from the cells, and when the mutated pro-
tein is secreted the proteolytic activity is greatly reduced (Galbusera 
et al., 2009).

Most patients are carriers of compound heterozygous mutations; 
only 20% of mutations have been observed in homozygous form. 
Heterozygous individuals have ADAMTS13 activity in the 40–70% 
range of normal values and do not have any phenotypic abnormal-
ity (Tsai, 2010).

Treatment and outcome
Therapy
Plasma therapy is the cornerstone of therapy in an acute episode. 
Plasma may serve to induce remission of the disease by replacing 
defective protease activity. In patients with anti-ADAMTS13 anti-
bodies, as compared to infusion, exchange may offer the advan-
tage of also rapidly removing anti-ADAMTS13 antibodies (Table 
174.2). (George, 2010)

Because of the potential for sudden clinical deterioration, treat-
ment should be initiated as soon as possible after diagnosis. The 
treatment approach consists of a daily one to two plasma volume 
exchange with plasma until clinical symptoms have resolved and 
the platelet count has reached a normal level (≥ 150,000/μL). 
Fresh frozen plasma (FFP), 24-hour plasma, and cryosupernatant 
plasma are considered equivalent because of comparable levels of 
ADAMTS13 (Scott et al., 2007).

After beginning plasma exchange, the next decision is whether to 
begin corticosteroid therapy (Table 174.2). Corticosteroids may be 
of benefit in autoimmune forms of TTP by inhibiting the synthesis 
of anti-ADAMTS13 autoantibodies. In a series of 33 patients with 
undetectable ADAMTS13 activity and anti-ADAMTS13 antibod-
ies, combined treatment with plasma exchange and prednisone was 
associated with disease remission in around 90% of cases (Ferrari 
et al., 2007). The rationale of combined treatment is that plasma 
exchange will have only a temporary effect on the presumed auto-
immune basis of the disease and additional immunosuppressive 
treatment may cause a more durable response. Thirty out of 108 
patients with either TTP or HUS were reported to have recovered 
after treatment with corticosteroids alone. All of them, however, 
had mild forms and none of them were tested for ADAMTS13 
activity (Ruggenenti et al., 2008).

Recent prospective studies have successfully and safely used 
rituximab (Table 174.2), an anti-CD20 monoclonal antibody 
depleting B lymphocytes, in patients who had failed to respond 
to standard daily plasma exchange and methylprednisolone and 
in patients with relapsed acute TTP who had previously demon-
strated antibodies to ADAMTS13 (Fakhouri et  al., 2005; Scully 
et al., 2007). Treatment was associated with clinical remission in all 
patients, disappearance of anti-ADAMTS13 antibodies, and with 
increase of ADAMTS13 activity to levels > 10%.

A study conducted by the French Thrombotic Microangiopathies 
Reference Center enrolled 22 adults with TTP who had either 
refractory disease or disease exacerbation following standard 
plasma exchange therapy. Patients were given additional rituximab 
therapy—four infusions (375 mg/m2) over 7 days (Ireland, 2012). 
One patient with refractory disease died after two infusions of ritux-
imab; the other 21 patients all received four rituximab infusions as 
first-line salvage therapy and achieved prolonged remission. Time 
to prolonged remission was shorter in rituximab-treated patients 
than in 53 historical controls who had received plasma exchange 
alone and survived. After 35 days, recovery of platelet count had 
occurred in all 21 rituximab-treated patients but only 78% of his-
torical controls. No relapses were recorded in the rituximab-treated 
patients, whereas about 10% of historical controls relapsed dur-
ing this time (Ireland, 2012). However long-term relapse rates (> 
1 year) did not differ between groups (Ireland, 2012). Of the about 
100 rituximab-treated patients reported in the literature so far, 
normalization of platelets and LDH has been noted in about 95%, 
however time to remission has been variable, from 1 to 4 weeks 
after the first dose. The duration of remission has ranged between 
9 months and 4 years, with relapses reported in approximately 10% 
(Kiss, 2010).

Rituximab has been also used electively to prevent relapses in 
patients with autoantibodies and recurrent disease (Fakhouri 
et al., 2005; Galbusera et al., 2005; Bresin et al., 2009). In a study, 
five patients with persistent undetectable ADAMTS13 activ-
ity and high titres of autoantibody were treated with rituximab 
as pre-emptive therapy during remission. ADAMTS13 activ-
ity ranged from 15% to 75% and absence of autoantibodies was 
seen after 3 months in all patients, and activity was still > 20% at 
6 months. Three patients maintained a disease-free status after 29, 
24, and 6 months, respectively (Bresin et al., 2009). Relapses were 
documented at 13 and 51 months in the remaining two patients 
during follow-up. Longitudinal evaluation of ADAMTS13 activity 
and autoantibodies levels may help monitoring patient response 
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to treatment. Re-treatment with rituximab should be considered 
when ADAMTS13 activity decreases and inhibitors reappear into 
the circulation, to prevent a relapse.

In patients suffering from TTP associated with congeni-
tal ADAMTS13 deficiency, ADAMTS13 is constitutively lack-
ing and can be replaced by plasma infusions (Barbot et al., 2001; 
Kremer Hovinga and Meyer, 2008). During acute episodes of TTP, 
patients often require plasma exchange to restore a stable clinical 
and laboratory state. Providing sufficient ADAMTS13 to achieve 
5% normal enzymatic activity may be sufficient to degrade large 
vWF multimers—which may be relevant to induce remission of 
the microangiopathic process—and this effect is sustained over 
time due to the relatively long half-life of the protease. Infused 
ADAMTS13 has a plasma half-life of 2–3 days in vivo (Furlan et al., 
1999), and although plasma levels fall below 5% within 3–7 after 
fresh FFP administration, the effect on platelet count and clinical 
parameters may last up to 3 weeks, suggesting that ADAMTS13 
remains available, for example, on platelets and endothelial cells. In 
two brothers with complete deficiency of the protease and relapsing 
TTP, disease remission was achieved by plasma exchange and was 
concurrent with an almost full recovery of the ADAMTS13 activity. 
Both patients achieved a long-lasting remission, although protease 
activity decreased to < 10% over 20 days after plasma therapy with-
drawal (Furlan et al., 1999).

After a first episode of TTP has occurred, patients with congeni-
tal ADAMTS13 deficiency tend to relapse. Patients with frequent 
relapses, a severe clinical course with neurological sequelae, renal 
insufficiency, and patients who have siblings who have died of TTP, 
should be put on regular prophylactic FFP infusions. These patients 
should receive 10–20 mL FFP/kg body weight per session every 2–3 
weeks, a regimen that has been shown to be effective in preventing 
acute TTP bouts and maintaining the patients in good health for 
years (Barbot et al., 2001; Kremer Hovinga and Meyer, 2008).

Clinical course
Compared to patients with non-severe ADAMTS13 deficiency, 
severely deficient patients experience higher rate of remissions 
(82–88% vs 20–75%) and lower mortality (8–18% vs 18–80%) 
(Mori et al., 2002; Vesely et al., 2003; Zheng et al., 2004). The high 
mortality rate in non-severely deficient patients may be due to the 
higher proportion of secondary causes and death from underly-
ing diseases, such as patients with haematological malignancies 
(Kiss, 2010).

Among patients who have a severe ADAMTS13 deficiency, 
patients with inhibitory antibodies experience a more severe 
manifestation of the disease, take substantially longer time to 
achieve clinical remission, and require a higher plasma volume 
than patients with congenital ADAMTS13 deficiency (Coppo 
et al., 2006). Neurological symptoms usually dominate the clini-
cal picture and may be fleeting and fluctuating, probably because 
of continuous thrombi formation and dispersion in the brain 
microcirculation. Coma and seizures complicate the most severe 
forms. The detection of high titres of anti-ADAMTS13 autoan-
tibodies is correlated with relapsing disease and poor prognosis. 
Also the persistence of inhibitory antibodies at clinical remission 
is predictive of relapse rate: a study found a threefold higher risk 
of relapse in patients with continuing ADAMTS13 deficiency and 
inhibitor present compared to those without inhibitors at remis-
sion (Peyvandi et al., 2008).

TTP has been reported in 1 every 1600–5000 patients treated 
with ticlopidine. Eleven cases have been reported during treatment 
with clopidogrel, a new antiaggregating agent that has achieved 
widespread clinical use for its safety profile. Most patients with 
TTP associated with ticlopidine or clopidogrel had neurological 
involvement. The overall survival rate is 67% and is improved by 
early treatment withdrawal and plasma therapy.

Approximately 60% of patients with congenital deficiency of 
ADAMTS13 experience their first acute episode of disease in the 
neonatal period or during infancy, but a second group (10–20%) 
manifests the disease after the third decade of life. TTP recur-
rences are common but their frequency varies widely. While 
some patients with congenital ADAMTS13 deficiency depend on 
frequent chronic plasma infusions to prevent recurrences, many 
patients who achieved clinical remission after plasma treatment 
remain in a disease-free status for long periods of time after plasma 
discontinuation, despite the absence of protease activity (Galbusera 
et al., 2009).

Emerging data suggest that the type and location of ADAMTS13 
mutations may influence the age of onset of TTP and the pene-
trance of the disease in mutation carriers (Galbusera et al., 2009). 
One of the most frequently reported ADAMTS13 mutation, the 
4143-4144insA in the second CUB domain, leading to a frameshift 
and loss of the last 49 amino acids of the protein, is associated with 
neonatal-childhood onset, indeed only one out of 16 reported car-
riers, either homozygous or compound heterozygous with other 
ADAMTS13 mutations, reached the adult age without develop-
ing TTP (Schneppenheim et  al., 2006; Galbusera et  al., 2009). 
In  vitro expression studies revealed that the mutation causes a 
severe impairment of protein secretion combined with a strongly 
reduced specific protease activity. On the other hand, mutations in 
the sixth and the seventh TSP1 (Galbusera et al., 2009; Palla et al., 
2009) appear to lead to an adult onset and a milder course of TTP. 
Expression studies revealed that these mutations result in severe 
defects in secretion of the metalloprotease, although a small frac-
tion of the mutant protein is released in the supernatant, but the 
mutants maintain normal specific protease activity (Tao et al., 2006; 
Galbusera et al., 2009). It is possible that in carriers of these muta-
tions small ADAMTS13 activity may be present in the circulation, 
which is enough to prevent onset of the disease in childhood or 
even in adulthood. The latter possibility is supported by descrip-
tions of asymptomatic carriers of such mutations who never devel-
oped TTP (Donadelli et  al., 2006b; Galbusera et  al., 2009; Palla 
et al., 2009).

Recently, a correlation between ADAMTS13 mutations and 
age of TTP onset has been documented, reflecting indirectly the 
severity of patients’ phenotypes (Lotta et  al., 2012). In the same 
study, patients carrying mutations associated with some residual 
ADAMTS13 activity in blood had a longer disease-free survival 
compared to patients with completely absent protease activity 
(Lotta et al., 2012).

Environmental factors may contribute to induce full-blown 
manifestation of the disease. According to this ‘two-hit model’, 
deficiency of ADAMTS13 predisposes to microvascular throm-
bosis and thrombotic microangiopathy supervenes after a trig-
gering event that activates microvascular endothelial cells and 
causes the secretion of UL-vWF multimers and P-selectin expres-
sion. Potential triggers of the above phenomena are infections and 
pregnancy. Six women with congenital ADAMTS13 deficiency 
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developed late-onset TTP during pregnancy (Donadelli et  al., 
2006b; Camilleri et al., 2008). Also, genetic modifiers may be impli-
cated in susceptibility to develop thrombotic microangiopathy in 
conditions of ADAMTS13 deficiency, which may include genes 
encoding proteins involved in the regulation of the coagulation 
cascade, vWF, or platelet function, components of the endothelial 
vessel surface or of the complement cascade.
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