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Nephrotic Syndrome and 
the Podocytopathies: Minimal Change 
Nephropathy, Focal Segmental 
Glomerulosclerosis, and Collapsing 
Glomerulopathy
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52
C H  A P T E R

  The term  nephrotic syndrome  refers to a classic tetrad 
of proteinuria, hypoproteinemia, edema, and hyper-
lipidemia. Although a relationship among these   nd-

ings was recognized as early as the 15th century, the term 
nephrosis    rst achieved widespread acceptance in the early 
part of the 20th century, when Volhard and Fahr employed 
it as one of the major divisions of bilateral kidney disease. 1
Later developments, notably the advent of the percutane-
ous kidney biopsy, facilitated further delineation of the many 
forms of kidney disease that result in the nephrotic syn-
drome. 2,3  We have divided these diseases into three general 
categories, as shown in Table 52.1: (1) primary nephrotic 
syndrome, in which the process that initiates proteinuria is 
not immediately apparent from histopathologic  evaluation; 
(2)  in  ammatory glomerular lesions; and (3)  glomerulopathy 
secondary to other diseases that affect the kidney.  Regardless 
of the underlying cause, all of these diseases share a common 
denominator in that each involves proteinuria of suf  cient 
severity to produce hypoproteinemia. Typically, when the 
serum albumin concentration falls below a critical level of 
approximately 2 g per deciliter, the other clinical features of 
the nephrotic syndrome appear. 

 An analysis of the diseases underlying nephrosis is com-
plicated because studies have used varied de  nitions; differ-
ent methods of acquiring patient populations; and groupings 
that re  ect clinical, functional, or histologic criteria. Clearly, 
the relative frequency of different causes of nephrosis varies 
with age and has changed over time. The data in Table 52.1 
were developed more than 30 years ago and indicated that 
approximately 80% of children with renal disease had pri-
mary nephrotic syndrome, as opposed to only 25% of adults. 
Chronic glomerulonephritis was responsible for about half 
of the cases of nephrotic syndrome in adults but only 10% 
to 15% of childhood cases. These glomerulonephritides may 
result from a systemic disease, such as systemic lupus erythe-
matosus, or they may be idiopathic, such as in membranous 
nephropathy. The remaining cases of nephrotic syndrome 

were associated with diseases such as diabetes mellitus and 
amyloidosis. They accounted for up to 20% of adult cases 
and only a very small percentage of childhood cases. This 
general pattern of causes for nephrotic syndrome is still 
 observed in most industrial countries; additional causes are 
more likely to be seen in  developing  nations. 4–8  

 This chapter focuses on the group of diseases sub-
sumed under the category of  primary nephrotic syndrome . We 
 employ this term to describe the clinical picture of  nephrotic 
syndrome that occurs in the absence of evidence for glo-
merulonephritis or systemic disease that would be suf  -
cient to  account for massive proteinuria. Primary nephrotic 
 syndrome includes patients who have been described as 
having  minimal change nephropathy  (MCN), also called lipoid 
nephrosis, “nil” disease, idiopathic nephrotic syndrome of 
childhood, minimal change nephrotic syndrome (MCNS), or 
steroid-sensitive or steroid-responsive nephrotic syndrome. 
We have chosen to use MCN as the preferred term for this 
entity. Nephrosis is not always present in MCN, particularly 
in adult patients. 9,10  Although most pathologists require at 
least the presence of nephrotic-range proteinuria prior to 
treatment to make the diagnosis of MCN, occasionally, pa-
tients may lack edema, hypoalbuminemia, or hypercholes-
terolemia but have renal histology and ultrastructure that 
are otherwise typical. Furthermore, describing the lesion 
as a  nephropathy offers a descriptor that is in parallel with 
the other forms of primary nephrotic syndrome, in that it 
is based on the de  ned histopathology rather than a poten-
tially variable clinical picture. We will reserve the  alternate 
term, MCNS, for the clinical presentation in which MCN has 
caused the nephrotic syndrome. Some patients with primary 
nephrotic syndrome have only a small amount of immuno-
globulin M (IgM) deposited in the glomeruli, which  usually 
is believed to be insigni  cant; some biopsy  specimens 
 reveal mild  mesangial hypercellularity. These  patients are 
 considered to represent variants of MCN. A larger group of 
 patients have signi  cant extracellular matrix  accumulation 
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 taxonomy of the podocytopathies is shown grouped ac-
cording to histologic characteristics. 12,13  An analysis of the 
pathology, physiology, and genetics of these diseases, and 
insight derived from examining acquired causes of each le-
sion, was used in this categorization. Patients who show few 
or no glomerular abnormalities by use of light microscopy 
include those with classical MCN and its histologic variants, 
and patients with Finnish-type congenital nephrotic syn-
drome. A second group has diffuse mesangial sclerosis and 
represents mostly young children with congenital forms of 
nephrosis, frequently resulting from a single gene mutation. 
The third category, FSGS, represents an entity the incidence 
of which is rising rapidly throughout the world. We have 
also chosen to de  ne a fourth group: patients with collaps-
ing glomerulopathy. Although this diagnosis previously has 
been thought to be a part of FSGS, the histologic appear-
ance, the clinical course, and advances in our understanding 
of disease pathogenesis strongly suggest that it represents a 
distinct lesion. Further details regarding the de  nition of the 
categories in this table will be provided in this chapter. 

 It is important to note that the nephrotic syndrome has 
many physiologic consequences that are not limited to the 
classic tetrad of proteinuria, hypoalbuminemia, edema, and 
hyperlipidemia. These include abnormalities of electrolyte 
balance, coagulation, hormonal function, and immunity. 
This chapter reviews the mechanisms underlying these man-
ifestations of nephrosis, our understanding of the patho-
genesis of different forms of the podocytopathies, and the 
 clinical features and management of patients with this entity. 

 PATHOPHYSIOLOGY OF THE 
NEPHROTIC SYNDROME 
 Virtually every abnormality observed in primary nephrotic 
syndrome can be traced directly or indirectly to the urinary 
loss of protein. Thus, the mechanisms responsible for this 
proteinuria have systemic consequences that are manifested 
in the clinical signs and symptoms of nephrosis. 

or glomerular capillary collapse. These patients are de  ned 
as having  focal segmental glomerulosclerosis  (FSGS), also 
called focal sclerosis and hyalinosis, and  collapsing glomeru-
lopathy , respectively. A spectrum of pathologic   ndings may 
be observed. Moreover, some patients, regardless of the 
 underlying pathology, respond to treatment with corticoste-
roids; others with an apparently identical histologic lesion 
are resistant to steroid therapy. 

 An examination of the incidence of these diseases illus-
trates both the age dependence of diagnoses and the chang-
ing nature of the underlying lesion. In a large series of renal 
biopsies of 1,000 consecutive patients who presented with 
the nephrotic syndrome to a referral center, the relative in-
cidence of different causes of nephrosis changed over time, 
with signi  cantly more FSGS and less MCN. 9  Although this 
study could re  ect some degree of referral bias, it is likely 
that these numbers approximate the general distribution of 
histologic diagnoses in nephrotic patients. Of all children 
0.5 to 19 years of age in the province of Ontario who were 
diagnosed as having nephrotic syndrome, the incidence of 
FSGS also increased over time. 11  The overall proportion of 
patients with primary nephrotic syndrome in children was 
greater than 90% compared with 50% in the adult study. The 
increasing incidence of FSGS (which more than doubled in 
both children and adults) is considered further in the section 
on  Focal Segmental Glomerulosclerosis, Collapsing Glomeru-
lopathy, and Diffuse Mesangial Sclerosis , later in this chapter. 

 In addition to the clinical observation that in  amma-
tion does not underlie the proteinuria of primary nephrotic 
syndrome, advances in our understanding of these disor-
ders suggest that the origin of all these diseases resides in 
the specialized visceral epithelial cell of the glomerular   l-
ter, the podocyte. This cell contributes to the   nal barrier 
that  determines the nature of the glomerular   ltrate, and 
podocyte lesions appear to play a critical role in progressive 
forms of primary nephrotic syndrome. For this reason, an 
increasingly accepted term for the lesions causing primary 
nephrotic syndrome is the  podocytopathies . In Table 52.2 

TA B L E

13.2 Types of Kidney Disease Causing Nephrotic Syndrome in Pediatric 
and Adult Patients

TA B L ETA B L E

52.1

Relative Incidence

Children  Adults

Primary nephrotic syndrome
Nephrotic syndrome associated with a glomerulopathy

Chronic glomerulonephritis and systemic in  ammatory disease
Secondary glomerulopathy

79

13
8

24

52
24

Data derived from: International Study of Kidney Disease in Children. A controlled therapeutic trial of cyclophos-
phamide plus prednisone vs. prednisone alone in children with focal segmental glomerulonephritis. Pediatr Res. 
1980;14:1006; and Glassock RJ. The nephrotic syndrome. Hosp Pract. 1979;14:105.
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TA B L E

13.2 Classi  cation of Primary Podocytopathies
TA B L ETA B L E

52.2

Pathology
Genetic (Mendelian 
Inheritance)  Acquired

Medication 
Induced

Minimal change 
histology

■  Congenital NS, Finnish 
type

 NPHS1
 NPHS1   NPHS2

■  MCN
■  MCN variants
 Mesangial hypercellularity
 IgM nephropathy
 Glomerular tip lesion
 C1q nephropathy
■  MCN, association with
 Hodgkin disease,
 infection (see Table 52.4)

■  Nonsteroidal 
anti-
in  ammatory 
agents

■  Gold
■  Penicillamine
■  Lithium
■  Interferon-  

and - 

Diffuse mesangial 
sclerosis (DMS) 
histology

■  Congenital presentation
 LAMB2 (Pierson 

syndrome)
■  Childhood presentation

WT1 (Denys-Drash 
syndrome, isolated 
DMS)

■  Isolated DMS

Focal segmental 
glomerulosclerosis 
(FSGS)

■  Congenital presentation
 ITGB4
■  Infancy/childhood 

presentation
 NPHS2
 NPHS1   NPHS2

WT1 (Denys-Drash 
syndrome, Frasier 
syndrome)

PAX2 (renal-coloboma 
syndrome with 
oligomeganephronia)

 mtDNA (MELAS 
syndrome)

 COQ2
 MYO1E
 PTPRO
■  Adult presentation
 INF2
 ACTN4
 CD2AP
 TRPC6
 mtDNA (MELAS 

syndrome)

■  Primary FSGS
Columbia classi  cation

 1.  Not otherwise speci  ed
 2. Perihilar variant
 3. Cellular variant
 4. Tip lesion variant
 5. Collapsing FSGS
■  C1q nephropathy
■  Adaptive FSGS

Follows an adaptive response 
consisting of glomerular 
hyperperfusion and 
hypertrophy

 (a)  Reduced nephron 
mass: renal dysplasia, 
oligomeganephronia, 
surgical renal mass 
reduction, re  ux 
nephropathy, chronic 
interstitial nephritis

 (b)  Initially normal 
nephron mass: 
obesity, increased 
muscle mass, sickle 
cell anemia, cyanotic 
congenital heart 
disease, hypertension*

■  Cyclosporine, 
tacrolimus

■  Interferon- 
■  Lithium
■  Pamidronate

(continued)
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apparent on electron microscopy. The GBM has been con-
sidered a major barrier to   ltration. 14  Experimental evidence 
supports a hypothetical construct in which the GBM is a 
thixotropic gel (one containing spicules that retard the pas-
sage of macromolecules through it). 15  Diffusion through this 
gel plays a signi  cant role in restricting protein passage. 16

Thus, the   ltration of protein is restricted in the same manner 
that regulates protein movement during gel electrophoresis, 
where small molecules most easily penetrate. 17  At the same 
time, other studies support a model in which macromol-
ecules encounter a porous structure that limits the passage of 
larger molecules by steric hindrance. 18  Glomerular   ltration 
is possible because a small portion of the urinary space sepa-
rates the interdigitations of the podocytes. These spaces are 
partly occluded by the epithelial slit diaphragm (Fig. 52.1), 
which has pores 19,20  that likely constitute the limiting barrier 
structure, causing steric hindrance. 21  The barrier itself is com-
posed primarily of nephrin, a cell–cell adhesion molecule that 
interdigitates between adjacent cell processes 22  and is sup-
ported by a slit-diaphragm complex that includes podocin, 
CD2-associated protein (CD2AP), FAT, Neph1, P-cadherin, 

 Mechanisms for Proteinuria 
 The renal factors contributing to albumin homeostasis in-
clude both glomerular   ltration and tubular reabsorption. 
In its simplest form, the glomerulus functions as a means to 
promote   uid and solute   ux from the blood vessel to the 
urinary space, from where most constituents of the   ltrate 
are then reabsorbed. This model acquires signi  cant com-
plexity as solute particles approach the size limits that are 
characteristic of the glomerular   lter. Furthermore, recent 
progress in understanding tubular handling of protein has 
demonstrated that the reabsorptive component also has a 
signi  cant impact on albumin homeostasis. 

 Renal Handling of Macromolecules 
 The glomerular barrier to   ltration consists of three lay-
ers: fenestrated endothelial cells, the trilaminar glomerular 
basement membrane (GBM), and the epithelial cell layer 
(Fig. 52.1). The epithelium does not constitute a continu-
ous layer; rather, the interdigitating extensions from adjacent 
epithelial cells or podocytes are separated by spaces readily 

TA B L E

13.2 Classi  cation of Primary Podocytopathies (continued)
TA B L ETA B L E

52.2

Pathology
Genetic (Mendelian 
Inheritance)  Acquired

Medication 
Induced

Collapsing 
glomerulopathy

■  Action myoclonus-renal 
failure syndrome

■  Idiopathic collapsing 
glomerulopathy

■  C1q nephropathy
■  Collapsing glomerulopathy 

associated with infection
 HIV-1
 Parvovirus B19
 Loa loa   lariasis
 Visceral leishmaniasis
■  Collapsing glomerulopathy, 

other associations
 Adult Still disease
 Allograft vascular diseases
 Multiple myeloma

■  Interferon- 
■  Pamidronate

A classi  cation scheme for the MCN/FSGS/collapsing glomerulopathy spectrum is presented. The forms of FSGS that are assigned to the acquired and 
medication-induced categories may have genetic risk components that have not been well de  ned at present. The Columbia classi  cation divides primary 
FSGS into   ve variants; in the present classi  cation system the   fth variant, collapsing FSGS, has been termed idiopathic collapsing glomerulopathy. In rec-
ognition that there may be distinct forms of the glomerular tip lesion with divergent prognoses, this entity has been divided into two forms, glomerular tip 
lesion MCN variant and glomerular tip lesion FSGS variant (these forms may have distinct clinical outcomes but similar pathologic appearance). The diag-
nosis of adaptive FSGS requires the exclusion of speci  c glomerular disease, for example, immune-mediated glomerulonephritis and diabetic nephropathy 
(which may manifest focal and segmental scarring but are not considered FSGS). Possible associations of primary FSGS and collapsing glomerulopathy with 
other disease states have been treated somewhat conservatively, so that associations based on isolated case reports and controversial associations are exclud-
ed or designated with an asterisk. C1q nephropathy can present as MCN, FSGS, and collapsing glomerulopathy, as well as other forms of  glomerulopathy.
ACTN4,  -actinin-4; C1q, complement component 1q; CD2AP, CD2 associated protein; COQ2, coenzyme Q synthetase 2; IgM, immunoglobulin M; ITGB4, 
integrin  4; LAMB2, laminin  2; NPHS1, nephrin; NPHS2, podocin; MCN, minimal change nephropathy; MELAS, mitochondrial encephalopathy, lactic 
acidosis, and seizures; mtDNA, mitochondrial DNA; NS, nephrotic syndrome; TRPC6, transient receptor potential cation channel 6; WT1, Wilms tumor 1.
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 Steric hindrance is not suf  cient to account for all aspects 
of permselectivity. Although proteins are handled in a manner 
similar to that for inert macromolecules, 14  protein clearances 
tend to be less than those of dextrans of comparable size. 14

Part of this difference is explained by the relatively rigid struc-
ture of the proteins. However, albumin, which has an effective 
 molecular radius of 3.6 nm, is cleared by the normal kidney 
considerably less than are the equivalent-sized dextran mol-
ecules. Albumin carries a negative electrostatic charge, and 
its clearance is only slightly less than that of similarly sized 
dextran molecules carrying a negative charge. 33  This appar-
ent charge selectivity has been attributed to negatively charged 
 sialoglycoproteins in the glomerular   lter, 34  which are present 
at regularly spaced intervals in the lamina rarae of the basement 
membrane, 35  at the endothelial fenestrae, 36  and lining the epi-
thelial podocytes. 37  Collectively, these constitute the glomerular 
polyanions (Fig. 52.1). The presence of such negative-charge 
sites was proposed to be responsible for both the  facilitated 
transport of polycations 38  and the restricted transport of poly-
anions 39  relative to that of neutral molecules of comparable size 
(Fig. 52.3). These effects are most apparent in the size range 
that is affected by some degree of steric hindrance. 

 Thus the determinants of glomerular permeability for a 
given particle are steric hindrance, glomerular hemodynam-
ics, and electrostatic charge. The critical negative charges 
may not reside in the solid phase of the glomerular   lter. 
The subpodocyte space creates a zone of delayed passage 
for larger macromolecules that cross the GBM. 40  Within 
this space, streaming potential establishes a   ow-dependent 
charge gradient that is more negative on the urinary side 
of the GBM. A   ow-dependent electrophoretic potential is 
accordingly established, driving negatively charged mac-
romolecules back toward the vascular space. 41  The relative 
 contribution of this gradient remains to be determined. 

 Tubular Handling of Protein 
 Renal protein metabolism also is affected signi  cantly by 
tubular function. The glomerular   ltrate normally contains 
a small amount of protein. A proximal tubular system has 

and vascular  endothelial (VE)- cadherin. 23  The result is a lat-
ticework of proteins with openings of approximately 4    14 
nm. 20,24  Therefore, both the GBM and the slit diaphragm con-
tribute to steric in  uences on macromolecular   ltration. 

 The porous component is demonstrated by permselec-
tivity curves that plot the renal clearance of macromolecules, 
relative to the glomerular   ltration rate (GFR), against the 
molecular radius, describing a sigmoid shape (Fig. 52.2) be-
tween approximately 2 and 5 nm (20 and 50 Å). 25  There-
fore, some restriction in the   ltration of dextrans occurs with 
molecules of about a 2-nm radius; restriction increases with 
increasing molecular size and approaches 100% for mole-
cules of a radius of 5 nm. 26  In addition to size, the ability of 
macromolecules to cross the glomerular barrier is  affected 
by molecular con  guration, shape, deformability, and 
   exibility. 14  Permselectivity also is modi  ed by glomerular 
hemodynamic factors, although the mechanisms for these 
effects remain a subject of some controversy. 17

 Initially, it was believed that macromolecule handling 
could be accounted for by an isoporous model for glomerular 
  ltration, one in which the steric hindrance of the glomeru-
lar passage of macromolecules results from the presence of 
uniform pores in the barrier, each with a radius of approxi-
mately 5 nm. The size of these pores may be increased in 
models of increased permeability of the GBM. 27  However, 
it has become apparent that a heteroporous model may be 
more appropriate. 28  In this model, there are two pathways: 
one subject to classic steric hindrance, and a “shunt” path-
way unaffected by size selectivity. As demonstrated by the 
clearance of very large dextrans, the glomerular   ltration of 
macromolecules through this second pathway is enhanced in 
most forms of nephrosis and exacerbated by colloid volume 
expansion, 29  and is ameliorated in humans by antihyperten-
sive therapy, 30  pressor doses of angiotensin II (in  contrast to 
the effect in rats), 31  or indomethacin. 32  Therefore, there ap-
pears to be a hemodynamic component to the activation of 
this mechanism for proteinuria. The impact of this shunt is 
most noticeable for large molecules (greater than 6 nm); its 
effect on albumin clearance remains to be determined. 

FIGURE 52.1 The glomerular   ltration barrier. 
The distribution of glomerular polyanion in the 
glomerular basement membrane and on the 
endothelial and epithelial cell layers is shown. 
LRE, lamina rara externa; LD, lamina densa; LRI,
lamina rara interna; GBM, glomerular basement 
membrane.
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FIGURE 52.2 Permselectivity curves for patients 
with severe proliferative glomerulonephritis (GN) 
and for those with nephrotic syndrome second-
ary either to the minimal change nephropathy 
or to glomerulonephritis. Normal values are 
depicted by the shaded area. The arrow indicates 
the molecular size of albumin. The fractional 
clearance of larger macromolecules is increased 
in severe glomerulonephritis. In minimal change 
nephrotic syndrome (MCNS), the fractional 
clearance of smaller molecules is decreased. 
Patients with nephrotic syndrome secondary to 
glomerulonephritis show a hybrid curve. (Data 
modi  ed from Robson AM, Cole BR. Pathologic 
and functional correlations in the glomerulopa-
thies. In: Cummings NB, Michael AF, Wilson CB, eds. 
Immune Mechanisms in Renal Disease. New York: 
Plenum; 1982:109, with permission.)

FIGURE 52.3 Clearance of neutral dextran (D), negatively charged dextran sulfate (DS), and positively charged diethylaminoethyl 
(DEAE) dextran of varying molecular size in normal rats and in those made albuminuric by treatment with nephrotoxic serum (NSN). 
In normal animals, the clearance of negatively charged dextrans is retarded, and that of cationic dextrans is enhanced, demonstrating 
charge selectivity by the glomerular   lter. In NSN, charge discrimination is lost. (Reprinted from Bohrer MP, Baylis C, Humes HD, et al. 
Permselectivity of the glomerular capillary wall: facilitated   ltration of circulating polycations. J Clin Invest. 1978;61:72; by copyright 
permission of the American Society for Clinical Investigation.)
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 clearance of macromolecules comparable in size to albumin 
is decreased. In the latter, permselectivity of macromolecules 
that are 2.5 nm (25 Å) or larger is increased, resulting in 
poorly selective proteinuria. Patients with glomerulonephri-
tis who have proteinuria that is suf  ciently severe to cause 
the nephrotic syndrome may show a pattern of permselectiv-
ity (Fig. 52.2) that is a hybrid between those found in MCNS 
and those found in uncomplicated glomerulonephritis. 53  In 
these patients, as in MCNS, clearance of smaller molecules 
is relatively decreased. However, in contrast to the situation 
in MCNS, the relative clearance of larger molecules is in-
creased. Similar hybrid curves have been described in dia-
betic glomerulosclerosis. 56  

 Therefore, nephrotic proteinuria does not result from a 
simple defect in glomerular   lter steric hindrance. Several 
theories have been advanced to account for albumin loss. 
A prominent one is a decrease in glomerular electrostatic 
charge selectivity. Renal biopsy material from patients with 
nephrotic syndrome shows decreased staining for glomeru-
lar polyanion. 57–60  Indeed, studies in MCNS patients sug-
gested that albuminuria results from a reduction of   xed 
negative charge by approximately 50%. 61  Rats with ne-
phrotic syndrome induced by puromycin amino nucleoside 
(PAN), which causes predominant albuminuria, show de-
creased staining by cationic dyes 62  and decreased sialic acid 
content. 63  Animals with PAN-induced nephrotic syndrome 64  
as well as those with acute heterologous nephrotoxic serum 
nephritis 33  show increased clearance of negatively charged 
dextrans, with permselectivity curves approximating those 
of neutral dextrans. Further, the intravenous infusion of var-
ious polycations into animals results in a loss of staining for 
glomerular polyanion, increased porosity of the glomerular 
  lter, and heavy proteinuria. 65–67  Unilateral renal artery infu-
sion of the polycation protamine sulfate causes ipsilateral al-
buminuria and depletion of glomerular polyanion. 67  Finally, 
studies in patients suggest that the neutralization of vascular 
anionic charges may be systemic in nature 68,69  rather than 
con  ned to the kidney. This could result from effects of a 
protease present in the circulation such as hemopexin. 70,71  
However, sieving curves generated in rats by glomerular lo-
calization of neutral or negatively charged polysaccharides 
were unable to demonstrate charge selectivity of the glomer-
ular   lter, 72  suggesting that technical factors or differences 
in the experimental approach could signi  cantly affect the 
validity of experiments demonstrating charge selectivity. In 
these studies, bovine serum albumin (BSA) “uptake” was ex-
tremely high relative to other markers. A recent modi  cation 
of the charge-selective model was proposed by Hausmann 
and colleagues. 41  In this   ow-dependent model involving an 
electrochemical gradient across the   ltration barrier, podo-
cyte effacement disturbs   ow, decreasing the negative charge 
in the urinary space. Consistent with this model, in PAN 
nephrosis increased albumin permeability occurs only in ar-
eas of podocyte dysfunction rather than diffusely, suggesting 
that the podocyte is more critical than the slit diaphragm in 
the pathogenesis of albuminuria. 73  

suf  cient capacity that, under physiologic conditions, little 
intact protein from the   ltrate is present in the urine. For 
example,   ltered albumin is subject to lysosomal degrada-
tion upon pinocytosis by the proximal tubular cell, with 
fragments appearing in both the plasma and the urine. 42  
However, studies of rat kidneys, isolated but perfused in situ 
with radiolabeled albumin, indicate that some albumin is 
reabsorbed intact. 43  One mechanism of tubular protein re-
absorption is demonstrated by its absence in Dent disease, 
a defect in chloride transport resulting from a mutation in 
the gene for a renal-speci  c, voltage-gated chloride channel, 
CLC-5, leading to hypercalciuric nephrolithiasis. 44  Protein-
uria in this disease results from disruption of both receptor-
mediated and   uid-phase endocytosis. 45  Patients with Dent 
disease have characteristic urinary losses of retinol-binding 
protein (RBP) and albumin. 46  The failure of protein reab-
sorption in this lesion has permitted an estimate that the 
glomerular   ltrate contains 22 to 32 mg per liter of albumin, 
or roughly 3 to 6 g per day in the normal human adult, virtu-
ally all of which is reabsorbed under normal conditions. This 
represents greater than 4% of the total plasma albumin. 47  

 This saturable mechanism for albumin reabsorption is 
mediated by three proteins that are associated with clath-
rin-coated pits in the proximal tubular cell. 48  Megalin is 
a 600-kDa, transmembrane protein and a member of the 
low-density lipoprotein-receptor family. It colocalizes in 
cultured opossum kidney (OK) cells with exogenous al-
bumin and with cubilin, a 460-kDa protein that does not 
have a transmembrane domain. A third protein, amnion-
less, forms a complex with megalin and cubilin; the three 
proteins collaborate to reabsorb albumin. 49  Ligands for 
 cubilin in the glomerular   ltrate include not only albumin 
but also immunoglobulin light chain and apolipoprotein 
(apo)A-I. Megalin binds to the vitamin-binding proteins, 
RBP and vitamin  D-binding protein, hormones, enzymes 
and     2 - and     1 -  microglobulin, as well as albumin. 50,51  As 
will be discussed in the section to follow on Consequences 
of Proteinuria, the loss of many of these proteins has clinical 
signi  cance in nephrotic syndrome. Another albumin “res-
cue” pathway that appears to facilitate reabsorption of intact 
albumin has been attributed to the FcRn immunoglobulin 
receptor. 52  

 Altered Permselectivity in Nephrosis 
 Permselectivity patterns obtained in patients with MCNS 53,54  
(Fig. 52.2) or animal models of selective albuminuria 39  
(Fig. 52.3) show a relative decrease in macromolecular clear-
ance even in the presence of marked proteinuria. In contrast, 
patients with glomerulonephritis show increased macromo-
lecular clearances (Fig. 52.2), presumably due to structural 
damage to the GBM, which may be visible in renal biopsy 
material from patients in these disease states. This concept 
is supported by work in animals. 55  Thus the mechanisms 
for proteinuria in MCN and FSGS appear to be distinct 
from those in glomerulonephritis. In the former, proteinuria 
is relatively selective for albumin and occurs even though 
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macromolecules in nephrotic syndrome cited previously. 
It has been suggested that simpli  cation of the foot process 
makes the glomerular pore less complex, thereby allowing 
for increased clearance of some long, narrow, rigid mol-
ecules. However, most plasma proteins are prolate ellipsoids 
( stubby cigar shaped) and show decreased clearance. 79  The 
effective pore radius was reported to be decreased in both 
MCNS and FSGS. 80  In this study, the ratio of total pore area 
to pore length was reduced by more than 50%. Further sup-
port for decreased pore area is found in studies indicating 
decreased   ltration slit frequency (likely secondary to foot-
process fusion) 81  or decreased pore number. 82  These   nd-
ings would account for decreased macromolecular clearance 
but not  enhanced albumin clearance. 

 An alternative to charge neutralization as an explana-
tion of proteinuria is suggested by the data indicating that 
permselectivity patterns show enhanced clearance of larger 
neutral dextrans in FSGS. 82  Studies by Yoshioka and col-
leagues 83  suggest that there is enhanced clearance of albu-
min by less affected glomeruli, implicating hemodynamic 
factors related to hyper  ltration in remnant nephrons. 84  
This could be accounted for by the heteroporous model in 
which a different class of pores greater than 60 Å in radius 
is increasingly used. This shunt pathway is active in angio-
tensin II–stimulated proteinuria 85  and Heymann nephritis. 86  
Further, the hemodynamic implications of proposing a role 
for the shunt pathway are supported by the salient effect of 
angiotensin-converting enzyme (ACE) inhibition on glomer-
ular size selectivity in disease. 87  However, because patients 
with MCN do not necessarily have increased use of the shunt 
pathway, 82  it is not clear that shunting represents a mecha-
nism of proteinuria common to all causes of the nephrotic 
syndrome or is the major cause of nephrotic albuminuria. 

 A third hypothesis regarding the stimulus for protein-
uria could account for changes in both charge and steric hin-
drance in the glomerular   ltration barrier. Small anions such 
as Cl      are freely   ltered by the glomerulus, whereas negative-
ly charged molecules such as albumin that are large enough 
to interact with the   ltration barrier (but pass through) are 
affected by electrostatic hindrance. Modest  increases in slit 
diaphragm pore size, perhaps mediated by alterations in 
cytoskeletal function, 88  may be suf  cient to both decrease 
the steric hindrance of and reduce electrostatic interference 
with albumin transit, even before  considering the amplify-
ing effects of barrier charge neutralization or  increased shunt 
pathway use. 

 Molecular Mechanisms of Podocyte Effacement 
 Given the importance of podocyte architecture in all of these 
models, the regulation of podocyte shape is an  essential 
 determinant of proteinuria. In podocyte effacement, the nor-
mally cortical distribution of the actin cytoskeleton, where 
structures extend from the periphery into the individual 
foot processes, is disrupted. Mundel and colleagues 89  have 
described a model system wherein the molecule B7-1 (also 
known as CD80), previously associated with lymphocyte 

 Another study found a role for negative charge in mod-
ulating renal protein handling in rats infused with neutral 
or anionic horseradish peroxidase. These results suggested 
that proteins may be more affected than polysaccharides by 
charge, but in this model charge selectivity was lost after in-
hibiting tubular protein uptake with lysine or ammonium 
chloride, suggesting the conclusion that charge selectivity 
does not reside in the glomerulus. 74  In mice, the plasma 
elimination rate of albumin (effective molecular radius of 
36 Å) was comparable to that of much larger Ficoll mol-
ecules (    65 Å). When the animals were treated with PAN, 
albumin clearance increased through an unknown renal 
mechanism. 75  Although charge selectivity could explain 
these   ndings, any mechanism that is involved could have 
affected either the glomerulus or the tubule. A study in anal-
buminemic rats treated with PAN showed no effect on renal 
size selectivity with treatment. There also was no change in 
the characteristics of urinary protein excretion. 76  Previously, 
it has been assumed that a greatly increased delivery of albu-
min to the proximal tubule saturated transport mechanisms 
or that the other proteins lost in the urine were bound to 
albumin, in either case causing loss of the nonalbumin pro-
teins. However, the pattern of proteinuria observed in this 
study was similar to the   ndings in the CLC-5–null mouse, 
where low–molecular-weight proteinuria occurs, and sug-
gests that at least some protein losses in nephrosis result 
from speci  c tubular mechanisms. These data support a sig-
ni  cant role for the derangement of tubular protein handling 
in nephrotic syndrome. 

 Several investigators have suggested that impairment 
of the rescue pathway and other tubular, rather than glo-
merular, mechanisms are a signi  cant cause of nephrotic 
proteinuria. 17,77  However, several lines of evidence suggest 
that this is not the case. Patients with Dent disease, and the 
CLC-5–null mouse, have “nephrotic-range” proteinuria but 
do not have nephrosis. The salvage of some of the 4% of the 
plasma albumin that is   ltered per day 47  is likely to con-
tribute positively to homeostasis, but a signi  cant portion of 
albumin rescued by the tubule is degraded. 42  Assuming that 
half of the albumin is reclaimed intact, it is unlikely that los-
ing 2% of plasma albumin per day will have a major effect on 
plasma albumin concentration. Finally, Deen and Lazzara 78  
modeled the sieving coef  cient for albumin. They performed 
a mass-transfer analysis to determine whether the sieving 
 coef  cient could be similar to, rather than greatly less than, 
that for neutral Ficoll of the same size. The higher value, 
which would have been required in the models supported by 
 adherents of a causal role for tubular proteinuria, would gen-
erate tubular albumin concentrations located 1 mm distal to 
the glomerulus that are 20-fold higher than has been mea-
sured by rat micropuncture studies. The  authors concluded 
that the glomerulus was the primary restricting site for albu-
minuria. 78  Although the possibility of charge selectivity was 
considered, it could not be tested by this  analysis. 

 The alteration of podocyte architecture may account 
for the generally decreased fractional clearance of smaller 
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 example, patients undergoing chronic peritoneal dialysis 
lose “ nephrotic range” amounts of protein, yet they usually 
have close to normal serum albumin concentrations. 97  In 
nephrosis, the rate of hepatic albumin synthesis is related 
to dietary protein intake. However, increasing protein intake 
leads to glomerular hyper  ltration 98,99  and enhanced loss of 
protein in the urine, resulting in lower serum albumin con-
centrations in patients on high protein diets. 100  The increase 
in dietary intake appears to stimulate selective hepatic ex-
pression of messenger ribonucleic acid (mRNA) for albumin, 
indicating that the stimulus is speci  c for albumin produc-
tion and is not generalized to other proteins as well. 101  The 
dietary stimulus can be dissociated from potential effects of 
alterations in plasma oncotic pressure. 102  Although speci  c 
plasma amino acid content is unchanged, nitrogen balance 
is rendered more positive by ACE inhibition, 103  which de-
creases hyper  ltration and thus the amount of protein lost 
in the urine. Indeed, enalapril decreases U Albumin V (absolute 
albumin excretion) and fractional catabolism of albumin in 
normal or nephrotic rats on high protein diets. 104,105  

 Edema Formation 
 One of the major consequences of hypoalbuminemia is 
edema formation. The major forces that maintain vascular 
volume are believed to be those described by Starling, 106

namely, the algebraic sum of hydrostatic and oncotic pres-
sures acting at the level of the peripheral capillary beds 
(Fig. 52.4). Hydrostatic pressure is the dominant force at 
the arteriolar end of the capillary, where it is generated by 

 costimulatory signals, is expressed in injured podocytes and 
binds to cytoskeletal structures, causing foot-process efface-
ment. 89,90  It is expressed in the glomeruli of patients with 
MCN in relapse, but not in remission, and only marginal-
ly in patients with FSGS, 91  suggesting one mechanism by 
which podocyte architecture could be disrupted. In several 
mouse models of proteinuria, circulating levels of soluble 
urokinase receptor (suPAR) interfere with podocyte adhesive 
interactions through the adhesion molecules    3-integrin, 92

presumably disrupting podocyte architecture through this 
mechanism as well. 

 Consequences of Nephrotic Proteinuria 
 It is generally accepted that the central feature of the ne-
phrotic syndrome, irrespective of its underlying renal cause, 
is hypoalbuminemia resulting from urinary loss. There is 
increased fractional catabolism of albumin in nephrotic syn-
drome, 93  mostly within the renal tubule after the increased 
  ltration of plasma proteins. 94  Rates of hepatic synthesis 
of albumin are increased, 95  but this increase is inadequate 
to compensate for urinary losses. 96  Although gastrointesti-
nal losses are possible through the transudation of albumin 
across the bowel wall in nephrosis, these are not likely to 
contribute signi  cantly to decreased plasma albumin con-
centrations in the absence of signi  cant bowel pathology. 

 Nonetheless, urinary losses cannot be considered an 
isolated phenomenon. It is apparent that a special rela-
tionship exists among protein synthetic capability, urinary 
loss of protein, and plasma protein concentrations. For 

FIGURE 52.4 The forces that govern the movement of   uid across the peripheral capillary wall in healthy persons and in patients 
with primary nephrotic syndrome. The shaded area represents the lumina of the capillaries. The size and direction of the arrows
are in proportion to the magnitude and direction of the force described by that arrow. In minimal change nephrotic syndrome, 
 hypoalbuminemia causes a marked reduction in oncotic pressure. This increases the driving force for   uid out of the arteriolar end 
of the capillary and decreases the forces available for return of   uid at the venous end. The result is the development of increased 
amounts of   uid in the interstitial space and the beginning of edema formation. See text for more details. (From Robson AM. Edema 
and edema forming states. In: Klahr S, ed. The Kidney and Body Fluids in Health and Disease. New York: Plenum; 1984:119, with permission.)
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disease. Although  reduced values for blood volume have 
been  reported, 116  normal or even increased levels have been 
documented too. 117,118  A survey of the literature 119  found 
that only 38% of patients with nephrosis had measurements 
 indicating blood volumes reduced by 10% or more from 
normal, 48% had normal values, and 14% had increased val-
ues. In addition, patients with carefully documented MCNS 
studied during relapse and again during remission did not 
show a consistent increase in blood volumes with remission; 
indeed, in most, the values did not change. 119,120  Therefore, 
in contrast to the “under  lling” model, others have pro-
posed an “over  ow” hypothesis, in which the vascular tree is 
  lled to excess, with increased hydrostatic pressure leading 
to   uid extravasation. Remarkably, nail bed micropuncture 
measurements in nephrotic patients did not support the no-
tion that capillary over  lling occurs, but capillary leak ap-
peared more important than under  lling in differentiating 
nephrotic from normal subjects. 121  

 There are several possible explanations for these con-
  icting models, each of which appears valid in some cases. 
One is that the reported patients had varying underlying 
causes of their nephrotic syndrome, in some cases involving 
signi  cantly decreased renal function. Nephrotic qsyndrome 
secondary to glomerulonephritis usually is associated with 
a normal or expanded blood volume. 122  A second poten-
tial confounding factor is that some patients were receiving 
treatment when studied. In addition to speci  c treatments, 
albumin infusion might enhance volume, and diuretic ther-
apy may reduce both blood and interstitial   uid volume in 
nephrotic subjects. 123  A third issue is that measurements of 
blood volume are dif  cult to interpret because of methodo-
logic problems. Labeled red cells may not circulate ideally in 
volume-depleted states, so that peripheral hematocrit may 
not re  ect total body hematocrit; labeled albumin may have 
an increased volume of distribution in nephrotic syndrome, 
especially if vascular integrity to albumin is decreased. 124  
Thus, both methods could be subject to errors. 122  Indeed, 
if the suggestion that nephrotic syndrome involves a gen-
eralized decrease of negative-charge sites 69  is correct, loss 
of such charge sites in capillary beds could cause increased 
losses of albumin into edema   uid. 125  This transfer not only 
would alter the apparent volume of distribution for albumin, 
but also might increase net extravascular oncotic pressure 
at the level of the capillaries. Support for this hypothesis 
is found in the observation that large changes in extracel-
lular   uid volume cause little change in plasma volume in 
 nephrotic patients. 126  

 An attractive explanation for variations in reported blood 
volume is that the patients were studied in different phases 
of their disease process. 127  Blood volume could be  reduced 
during the pathogenesis of the nephrotic state, particularly 
in MCNS, but return to normal as anasarca  develops. The 
decrease in plasma volume after experimental depletion 
of serum proteins can be prevented by massive expansion 
of the extracellular   uid with saline solution. 128   Nephrotic 
subjects progress through a sodium-retaining phase but 

arterial blood pressure. Pressure is lower in the capillaries 
(40 to 45 mm Hg) than in the arterial system, but it is mark-
edly higher than tissue pressure, which ranges from 2 to 5 
mm Hg. Hydrostatic pressure is opposed by plasma oncotic 
pressure (the osmotic pressure generated by colloidal sol-
ute), which is 25 to 30 mm Hg in healthy individuals. The 
resulting net force (10 to 15 mm Hg) drives an ultra  ltrate 
of blood from the capillaries into the interstitial   uid space. 
By the venous end of the capillary, hydrostatic pressure has 
been further dissipated (Fig. 52.4) and is exceeded by on-
cotic pressure, so that there is a net force for the return of 
  uid into the capillaries. In health, the loss of   uid at the 
arteriolar end of the capillaries slightly exceeds the amount 
resorbed at the venous end. The difference is returned to the 
circulation through the lymphatic system. 107  

 Albumin, because of its abundance and its relatively 
small molecular size, is the plasma protein primarily respon-
sible for the generation of oncotic pressure. 108  A decrease in 
plasma albumin concentration thus results in a decrease in 
oncotic pressure, so that the net driving force for loss of   uid 
at the arteriolar end of the capillary bed is increased and 
that for return of   uid at the venous end is reduced. Conse-
quently,   uid accumulates in the interstitial space, initiating 
edema formation. This accumulation occurs   rst where tis-
sue pressure is lowest, for example, in the eyelids or in the 
scrotum; it also appears in the most dependent parts of the 
body because venous hydrostatic pressure is highest at these 
sites and is transmitted to the venous end of the capillaries. 

 In this traditional model of nephrotic edema forma-
tion, often referred to as “under  lling,” 109  the translocation 
of   uid from the vascular to the interstitial   uid space as 
edema forms should decrease blood volume. The physi-
ologic  responses precipitated by such a reduction would 
then be important factors in producing the massive amounts 
of edema often seen in nephrotic syndrome. These chang-
es include the release of antidiuretic hormone (ADH), the 
 release of renin with increased production of angiotensin II, 
and  decreases in renal blood   ow and GFR. 110–112  All these 
changes favor renal retention and positive balances of both 
sodium and water unless intakes are decreased. Indeed, 
patients may exhibit increased thirst, which is probably 
stimulated both by angiotensin II 113  and by the decrease in 
blood volume monitored through baroreceptors and volume 
 receptors. Retained sodium and water do not remain in the 
vascular space. Because of the hypoalbuminemia, they add 
to the edema. 

 In practice, the pathophysiology of edema formation 
in nephrotic syndrome is more complex than this tradi-
tional concept. Animal studies have documented that hy-
poproteinemia alone does not result in edema. 114  Humans 
with congenital analbuminemia do not develop nephrosis-
like edema and have a normal plasma volume even in the 
 virtual absence of serum albumin. 115  Furthermore, if the 
traditional theory is correct, patients in relapse of nephrotic 
syndrome should have decreased blood volumes and val-
ues should  return to normal during remission from the 
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insuf  ciency, low  renin activity was associated with sodium 
retention and  increased normally with sodium depletion. 122  
Other studies correlated PRA with plasma volume, serum 
albumin concentration, 134  or the state of sodium balance. 119  
Natriuresis in MCNS was associated with an increase in PRA 
and presumably a decrease in plasma volume, 119  whereas 
that induced by water immersion, presumably mediated by 
an increase in blood volume, was associated with a mea-
sured decrease in PRA. 135  Therefore, PRA appears to corre-
late better with plasma volume than with the rate of urinary 
sodium excretion. 

 Dif  culties in con  rming a de  nitive role for the re-
nin–angiotensin system in the genesis of nephrotic edema 
are similar to those in explaining edema formation in cir-
rhosis. 136  A multiplicity of interacting factors may be respon-
sible in both of these disease states. Therefore, plasma renin 
levels could be controlled tightly by a variety of feedback 
mechanisms so that subtle changes, too small to be detected 
by current laboratory methods, are all that occur to maintain 
the altered homeostasis. 

 It was proposed that aldosterone could mediate sodi-
um retention through its actions on the epithelial sodium 
channel, ENaC. In support of this hypothesis, ENaC shows 
increased apical targeting in nephrotic rats. 137  However, 
although adrenalectomy prevents this apical targeting, the 
 adrenalectomized rats continue to show signi  cant sodium 
retention and edema. 138  While these results do not rule 
out an alternative mechanism of aldosterone action, they 
 implicate nonaldosterone mechanisms in nephrotic sodium 
 retention. 

 Other Hormonal Regulators of Fluid and 
Electrolyte Balance 
 Other factors affecting volume status may include abnormal 
vascular tone, 139  altered levels of catecholamines, 140  and a 
variety of hormonal mechanisms. 

 Antidiuretic hormone secretion. ‘Nephrotic patients 
with MCN may show decreased solute-free water excretion, 
although the capacity to generate solute-free water remains 
 intact. 112  Increased ADH secretion may re  ect a physiologic 
response to decreased intravascular volume. 116  In contrast, 
maximal urine osmolarity may be decreased in experimental 
rat nephrosis due to decreased renal tubular expression of 
aquaporin. 141,142  

 Prostaglandin metabolism. Elevated levels of prostaglan-
din E 2  (PGE 2 ) were found in the serum of patients with ne-
phrotic syndrome, the majority of whom had MCN. 143  The 
highest values were observed when the patients had clini-
cally apparent edema. Urinary PGE 2  levels were increased 
in patients with idiopathic nephrotic syndrome who had a 
low urine sodium concentration as well as elevated plasma 
 renin–aldosterone activity. 144  The observation that the ad-
ministration of indomethacin to nephrotic patients results in 

 eventually enter into a new steady state in which they no lon-
ger  accumulate edema and once again demonstrate the abil-
ity to excrete a sodium load. 111  With this new steady state, 
sodium and water retention may be so marked and edema 
accumulation may be so massive that tissue  hydrostatic pres-
sure is increased and blood volume is returned to normal. 
This may explain reports in which nephrotic subjects could 
be separated into those with high and those with low urine 
sodium concentrations. 120  The high-volume state, whether 
from massive   uid intake or decreased renal function, rep-
resents the over  ow pathogenesis of nephrotic edema. It is 
likely that both under  lling and over  ow occur, perhaps at 
different times in the same patient. 

 Hormonal Mechanisms 
 Regardless of whether under  lling or over  ow is para-
mount, a third model suggests that hormonal mechanisms 
are of primary importance. Although we have emphasized 
a primary role for hypoalbuminemia in oliguria and sodium 
retention, patients with MCNS often undergo a marked, 
remission-induced diuresis beginning as soon as urinary 
 albumin concentrations start to decrease and before the 
 normalization of serum albumin. Initial studies of the patho-
physiology of nephrosis suggested that   uid redistribution 
results in aldosterone-mediated sodium retention designed 
to replenish vascular volume .129,130  Accordingly, aldosterone 
activity was thought to be more important in the genesis of 
  uid retention than either serum albumin or colloid osmotic 
pressure. 120  Consistent with this notion, patients with ne-
phrotic syndrome show an increase in distal renal tubular 
sodium reabsorption. 111,131  Increased tubular sensitivity to 
 aldosterone may further enhance edema formation. 132  

 Renin–Angiotensin–Aldosterone System 
 Inconsistencies in reported plasma renin activity (PRA) re-
sults could be due to clinical factors similar to those that 
confound the interpretation of blood volume measurement. 
These include different stages of both disease process and 
sodium balance, as well as variations in therapeutic regi-
men. For example, immuno  uorescence staining of renin- 
producing cells in renal biopsy material from nephrotic 
patients  revealed increased numbers of these cells in hypo-
albuminemic states. However, the increase correlated with 
a number of variables, most notably the presence of vascu-
lar disease. 133  In an attempt to standardize some of these 
variables, renin–sodium pro  les were performed on patients 
with nephrotic syndrome. Two groups of patients were iden-
ti  ed. In keeping with traditional concepts, the classic form 
was typically seen in patients with MCNS, in whom high 
levels of PRA and aldosterone activity were associated with 
vasoconstriction and hypoalbuminemia; values were fur-
ther stimulated rather than suppressed by salt loading and 
decreased spontaneously before the occurrence of steroid-
induced  diuresis. In the hypervolemic, over  lling, form, 
seen typically with chronic glomerulonephritis and renal 
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in peritubular capillary oncotic pressure. 155  There also may 
be a local role for the renin–angiotensin system, as saralasin 
infusion in experimental unilateral PAN-induced nephrotic 
syndrome resulted in an increase in single-nephron GFR in 
the experimental, but not in the control, kidney. 155  In an-
other animal model of nephrotic syndrome, that of nephro-
toxic serum nephritis, the K f  was reduced, but compensatory 
mechanisms maintained renal blood   ow and whole-kidney 
and single-nephron GFR. These responses appeared to be 
intrarenal in origin and caused an increase in glomerular 
capillary pressure. 160  

 Another factor affecting GFR is plasma albumin concen-
tration. Hypoalbuminemia has been postulated to decrease 
glomerular plasma   ow, thereby decreasing GFR. However, 
lower albumin also decreases plasma oncotic pressure, which 
should increase GFR. Löwenborg and Berg 161  report that GFR 
and   ltration fraction vary directly with serum albumin but 
vary inversely with mean arterial blood pressure in children 
with MCNS. This   nding supports a role for altered K f  in 
relapse, which is consistent with foot- process effacement. K f  
is determined by the total   ltration slit length, as shown by 
mathematical modeling of experimental data. 81  Some studies 
suggest that there is a weak correlation between the amount 
of proteinuria and the  extent of foot-process effacement, but 
these studies included patients in relapse and in remission 
with MCN 162  and with multiple nephrotic diseases. 163  A 
study of 23 MCN patients in relapse showed no correlation 
between proteinuria and foot-process effacement ( r      0.25, 
P     .25). 164  The authors make the  important point that as-
sessment of the quantitative relationship between podocyte 
foot-process effacement and proteinuria should exclude pa-
tients in remission, as these patients have normal podocyte 
morphology (and therefore do not address the hypothesis 
that the degree of effacement correlates with proteinuria). 
Foot-process effacement reverses when patients undergo 
spontaneous or glucocorticoid- induced remission. 

 Other Physiologic Changes in Fluid and 
Electrolyte Metabolism 
 A curious phenomenon in primary nephrotic syndrome, 
perhaps related to decreased   ltration fraction, is the occur-
rence of reversible or permanent renal failure unexplained 
by the underlying disease process. This has been reported 
in association with both MCN 165–167  and FSGS. 139  In some 
patients, renal failure was associated with the use of nonste-
roidal anti-in  ammatory drug (NSAID) therapy. 168,169  These 
episodes occur in the absence of renal vein thrombosis (vide 
infra) or other systemic symptoms. Because fractional excre-
tion of sodium is low in these patients, 170  it is likely that the 
marked decrease in GFR occurs for hemodynamic reasons 171  
rather than because of acute tubular necrosis or vasomotor 
nephropathy. In a study of 15 patients with MCNS and renal 
failure, GFR measured by inulin clearance was decreased out 
of proportion to clearance of para-aminohippurate (PAH), 
with   ltration fraction reduced to between 3% and 9%. 172  

an  increase in body weight and a decrease in GFR suggests 
that prostaglandins may play a role in either the maintenance 
of GFR or amelioration of edema in nephrotic syndrome. In-
domethacin also decreased proteinuria and PRA. 144   Response 
to indomethacin is dependent on concurrent sodium intake. 
When the agent was given to nephrotic patients on sodium-
restricted diets, it resulted in a decrease in GFR. A similar 
drug regimen for patients with more liberal sodium intake 
did not affect renal hemodynamics. 145  

 Atrial natriuretic peptide. Because atrial natriuretic pep-
tide (ANP) causes renal vasodilation, an increase in GFR, 
and increased sodium excretion, 146  it has been suggested 
that  abnormal metabolism of this hormone could medi-
ate sodium retention in nephrosis. The acute increase of 
plasma volume following albumin infusion in nephrotic 
children is accompanied by a   vefold increase in ANP lev-
els. 147  However, this may simply re  ect a change from low 
plasma volume status before the infusion is begun in pa-
tients who likely have MCNS. Plasma concentrations of ANP 
were  determined to be low in nephrotic patients compared 
to patients who had acute glomerulonephritis, and ANP lev-
els correlated well with the degree of edema in nephritis but 
not in nephrosis. 148  Therefore, regulation of ANP appeared 
to be appropriate for presumed volume status. In rats with 
Adriamycin-induced nephrotic syndrome, changes in GFR 
after the infusion of ANP were similar to those in control 
animals, indicating that nephrosis does not alter glomerular 
  ltration by changing ANP sensitivity. 149  In a similar model, 
no change was detected in ANP receptor density in nephrot-
ic kidneys. 150  Nephrotic patients respond physiologically 
to ANP infusion, 151  although the mechanism by which this 
 occurs may be different from that in normal subjects. 152  It 
has been proposed that ANP mediates the diuretic response 
to head-out immersion in nephrosis, 153  but the effect of ANP 
infusion, unlike that of immersion, is blocked by enalapril. 154  

 Physical and Anatomic Factors Affecting 
Glomerular Filtration Rate 
 Taken together, these   ndings suggest that, although the se-
cretion of ANP may in part mediate diuresis, physical factors 
are of greatest importance in the   uid retention of nephro-
sis, with abnormalities of ANP representing appropriate re-
sponses for the patient’s physiology. 155  These physical factors 
may include a signi  cant intrarenal component. Children 
with MCNS have decreases in both GFR and   ltration frac-
tion. 110,156,157  Decreased GFR could be due to a decrease in 
the ultra  ltration coef  cient (K f ), causing a reduction in sin-
gle-nephron GFR, 155  and has been suggested to result from 
effacement of the glomerular epithelial cell foot processes. 158  
Alternatively, the decreased GFR could be a consequence 
of raised intratubular hydrostatic pressure in the proximal 
tubule secondary to the presence of   ltered albumin, an 
 increase in resistance to tubular   ow, 159  or decreased proxi-
mal reabsorption of tubular   uid as a result of a reduction 
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more rapidly than phospholipid. Thus, as acute severity of 
the disease worsens, as measured by proteinuria, increased 
lipid levels 176  and the ratio of cholesterol to phospholipid in-
creases. 177  Triglycerides are relatively normal at the initiation 
of relapse but increase as the disease continues 178 ; lactes-
cence occurs when the plasma triglyceride content  exceeds 
400 mg per deciliter. Hyperlipidemia may persist well into 
remission, 179  suggesting a residual effect of nephrosis on 
 lipoprotein transport. 180  

 Depending on the classi  cation employed, the most com-
mon patterns of hyperlipoproteinemia seen in nephrosis are 
types II and IV 181  or types IIa, IIb, and V. 182  Low-density lipo-
proteins (LDLs) and very low-density lipoproteins (VLDLs) 
show the greatest increase in concentration. Values for high-
density lipoprotein (HDL) cholesterol have been reported to 
be elevated, 183,184  normal, 185,186  or decreased. 178,187,188  This 
variation may relate to the age of the patients studied, the 
underlying cause of the nephrotic syndrome, the patient 
treatment, and whether renal insuf  ciency is present. Studies 
of lipoprotein cholesterol have produced con  icting results. 
The ratio of cholesterol to phospholipids or to triglycerides 
in various lipoproteins is altered, indicating abnormalities in 
quality as well as quantity of  lipoproteins. 

 Several events may contribute to these abnormali-
ties. Lipid metabolism is normally accomplished through 
a  series of complex steps (Fig. 52.5). Through the action 
of 3- hydroxy-3-methylglutaryl coenzyme A (HMG CoA) 

Improvement of renal function occurred in association with 
diuretic therapy either with or without albumin infusion. 
In patients who improved with pharmacologic diuresis, the 
 serum creatinine level again rose on return to an edematous 
state. The authors postulate that glomerular hemodynam-
ics were altered by the presence of intrarenal edema, which 
 occurred concomitantly with peripheral edema. 

 Other circulatory abnormalities have been observed in 
patients with nephrotic syndrome. The occurrence of hypo-
volemic shock and hypotension has been related to a variety 
of medical procedures. 173  However, hypotension may occur 
spontaneously. These episodes usually are seen in patients 
during relapse who have an intercurrent illness causing   uid 
loss, such as emesis or diarrhea. The patients usually show 
marked responsiveness to small amounts of intravenous 
 saline that are insuf  cient to replenish all   uid losses, sug-
gesting a failure in maintenance of vascular tone. Recovery 
usually occurs if this complication is identi  ed early and 
treated promptly. Sequelae may include acute tubular necro-
sis, renal vein thrombosis (RVT), or death. 

 Hyperlipidemia 
 Lipemic serum has long been recognized as a cardinal  feature 
of the nephrotic syndrome. 174  Abnormalities in postprandial 
lipid metabolism were described more than 40 years ago. 175  
Biochemical evaluation has shown that all lipid components 
of the plasma are increased, with cholesterol increasing 

FIGURE 52.5 Normal pathways of lipid metabolism. apo-CII, apolipoprotein C-II; Apo-E R, chylomicron remnant (apo E) receptor; B-100 R, 
apolipoprotein B-100 (LDL) receptor; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; HMG CoA reductase, 3-hydroxy-
3-methylglutaryl coenzyme A reductase; LCAT, lecithin-cholesterol acyltransferase; LDL, low-density lipoprotein; LPL, lipoprotein lipase; 
VLDL, very-low-density lipoprotein. Figure composed with the assistance of Nader Rifai.
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more rapidly than phospholipid. Thus, as acute severity of 
the disease worsens, as measured by proteinuria, increased 
lipid levels 176  and the ratio of cholesterol to phospholipid in-
creases. 177  Triglycerides are relatively normal at the initiation 
of relapse but increase as the disease continues 178 ; lactes-
cence occurs when the plasma triglyceride content  exceeds 
400 mg per deciliter. Hyperlipidemia may persist well into 
remission, 179  suggesting a residual effect of nephrosis on 
 lipoprotein transport. 180  

 Depending on the classi  cation employed, the most com-
mon patterns of hyperlipoproteinemia seen in nephrosis are 
types II and IV 181  or types IIa, IIb, and V. 182  Low-density lipo-
proteins (LDLs) and very low-density lipoproteins (VLDLs) 
show the greatest increase in concentration. Values for high-
density lipoprotein (HDL) cholesterol have been reported to 
be elevated, 183,184  normal, 185,186  or decreased. 178,187,188  This 
variation may relate to the age of the patients studied, the 
underlying cause of the nephrotic syndrome, the patient 
treatment, and whether renal insuf  ciency is present. Studies 
of lipoprotein cholesterol have produced con  icting results. 
The ratio of cholesterol to phospholipids or to triglycerides 
in various lipoproteins is altered, indicating abnormalities in 
quality as well as quantity of  lipoproteins. 

 Several events may contribute to these abnormali-
ties. Lipid metabolism is normally accomplished through 
a  series of complex steps (Fig. 52.5). Through the action 
of 3- hydroxy-3-methylglutaryl coenzyme A (HMG CoA) 

Improvement of renal function occurred in association with 
diuretic therapy either with or without albumin infusion. 
In patients who improved with pharmacologic diuresis, the 
 serum creatinine level again rose on return to an edematous 
state. The authors postulate that glomerular hemodynam-
ics were altered by the presence of intrarenal edema, which 
 occurred concomitantly with peripheral edema. 

 Other circulatory abnormalities have been observed in 
patients with nephrotic syndrome. The occurrence of hypo-
volemic shock and hypotension has been related to a variety 
of medical procedures. 173  However, hypotension may occur 
spontaneously. These episodes usually are seen in patients 
during relapse who have an intercurrent illness causing   uid 
loss, such as emesis or diarrhea. The patients usually show 
marked responsiveness to small amounts of intravenous 
 saline that are insuf  cient to replenish all   uid losses, sug-
gesting a failure in maintenance of vascular tone. Recovery 
usually occurs if this complication is identi  ed early and 
treated promptly. Sequelae may include acute tubular necro-
sis, renal vein thrombosis (RVT), or death. 

 Hyperlipidemia 
 Lipemic serum has long been recognized as a cardinal  feature 
of the nephrotic syndrome. 174  Abnormalities in postprandial 
lipid metabolism were described more than 40 years ago. 175  
Biochemical evaluation has shown that all lipid components 
of the plasma are increased, with cholesterol increasing 

FIGURE 52.5 Normal pathways of lipid metabolism. apo-CII, apolipoprotein C-II; Apo-E R, chylomicron remnant (apo E) receptor; B-100 R, 
apolipoprotein B-100 (LDL) receptor; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; HMG CoA reductase, 3-hydroxy-
3-methylglutaryl coenzyme A reductase; LCAT, lecithin-cholesterol acyltransferase; LDL, low-density lipoprotein; LPL, lipoprotein lipase; 
VLDL, very-low-density lipoprotein. Figure composed with the assistance of Nader Rifai.
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and phospholipids resulted mostly from changes in apo 
B-100–containing lipoproteins. The size of the apo B-100 
pool in patients was two to three times that found in healthy 
subjects or in patients in remission. Fractional catabo-
lism was decreased only slightly, suggesting that the major 
problem was overproduction rather than decreased break-
down. 180  Hepatic uptake of LDLs may be decreased 202  if the 
structural composition of LDLs in the circulating pool is ab-
normal, or if systemic neutralization of membrane negative 
charge leads to less ef  cient uptake of the largely cationic 
liposomes 203 ; this would exacerbate hypercholesterolemia 
by decreasing negative feedback affecting hepatic synthesis. 
Alternatively, decreased hepatic uptake of LDLs could result 
from, rather than cause, hepatic overproduction of choles-
terol. 201  Altered transport could also occur at the level of 
lipoprotein receptor expression, because the nephrotic liver 
shows increased endocytic HDL receptor mRNA and protein 
but decreased expression of scavenger receptor-BI expres-
sion. The latter may be regulated by a decrease in expression 
of PDZ-containing kidney protein-1, which protects SR-BI 
from degradation. 204  

 Metabolism of Lipids 
 At least one report indicates that although LDL synthesis may 
be increased in nephrosis, VLDL catabolism is decreased. 194  
Another study demonstrates that apolipoprotein E–rich 
IDL from nephrotic patients, but not from normal controls, 
 inhibits sterol synthesis and cholesterol esteri  cation. 205  
This   nding suggests that cellular apo E metabolism may be 
 deranged in nephrosis. Consistent with this   nding, genetic 
variations in the expression of  apo E  alleles may in  uence the 
degree of lipid abnormality in nephrotic patients. 206  

 Interest regarding catabolism of lipids in nephrosis has 
focused on two enzymes: LPL, which facilitates the break-
down of ester bonds in glycerides, and LCAT, which  catalyzes 
the reaction of lecithin and cholesterol to form  lysolecithin 
and cholesterol ester. 207  In nephrotic children, elevated 
 serum lipid levels correlate with decreased postheparin LPL 
activity. 208  In another study of nephrotic patients, most of 
whom had MCNS, hepatic LPL activity was normal, but 
serum and adipose tissue LPL activities were decreased in 
association with elevated plasma triglycerides. 184  Decreased 
hepatic 209  and adipose tissue 208  LPL activity in experimen-
tal rat models of nephrosis may contribute to altered lipo-
protein levels in these animals. Such decreased activity may 
 re  ect decreased endothelial LPL expression. 210  LCAT activ-
ity also is decreased in experimental nephrosis, 211  with levels 
appearing to correlate with serum albumin concentration. 212  

 Activity of these enzymes may be affected both directly 
and indirectly by urinary protein loss. Albumin binds to free 
fatty acids (FFAs); decreases in serum albumin concentra-
tion lead to FFA accumulation, thereby inhibiting LPL activ-
ity. 213  LPL activity also may be inhibited by cholesterol. 212  
LCAT activity is inhibited by the accumulation of triglycer-
ide and cholesterol esters, 214  suggesting that abnormal LCAT 
activity could be a result, rather than a cause, of nephrotic 

 reductase, mevalonate is produced from acetate in the liver. 
This in turn is used to make cholesterol, which is incorpo-
rated into lipoproteins. The greater the triglyceride content 
of the lipoprotein, the less dense it is. Dietary fat absorbed 
from the intestine is formed into chylomicrons by being sur-
rounded with a coat of apolipoprotein (apo) that is critical 
for transport of the hydrophobic lipid. The triglyceride con-
tent of the chylomicron is reduced in the periphery (mainly 
by the action of lipoprotein lipase [LPL]), and the resulting 
particle containing apo B-48 and apo E binds to the hepa-
tocyte via a chylomicron remnant receptor. VLDL is synthe-
sized in the liver and metabolized in the periphery through 
the action of LPL to intermediate-density lipoprotein (IDL), 
and then to LDL. LDL is bound to apo B-100, which is then 
taken up by the hepatocyte LDL receptor. 189,190  This brings 
additional cholesterol back to the liver, suppressing HMG 
CoA reductase activity and decreasing new cholesterol syn-
thesis. The liver also produces HDL, which participates as a 
transport protein in the catabolism of lower density  moieties, 
being regenerated by lecithin-cholesterol acyltransferase 
(LCAT). HDL also carries apo C-II, which activates LPL. 
 Abnormalities at any step of metabolism from lipid uptake to 
the enterohepatic secretion of bile could  result in the hyper-
lipidemia of nephrosis. Likely contributing factors include 
increased hepatic synthesis of lipoprotein, abnormal trans-
port of lipid through the metabolic pathway, and abnormal 
catabolism secondary to decreased enzyme activity. 

 Lipoprotein Synthesis 
 It is clear that the hepatic synthesis of lipoproteins is  increased 
in nephrotic patients. 177,191–194  The signal for this event ap-
pears to be related to hypoalbuminemia because the daily in-
fusion of albumin into nephrotic patients, suf  cient to raise 
serum levels, also decreases serum lipid,  triglyceride, and 
cholesterol levels. 195  Increasing the plasma oncotic pressure 
in nephrotic patients or animals, by infusion of dextrans, 
decreases hepatic lipoprotein synthesis. 175,196   Additional 
laboratory studies suggest that the regulatory signal could be 
viscosity rather than oncotic pressure. 195,197,198  Cholesterol 
biosynthesis also has been investigated. 199,200  These studies 
show increased incorporation of  14 C from labeled mevalon-
ate into cholesterol by the liver in experimental nephrosis. 
Although this result is consistent with the interpretation 
that rates of hepatic cholesterol synthesis are increased in 
nephrosis, artifactual changes due to the addition of exog-
enous substrate (mevalonate) could not be ruled out in these 
experiments. 

 Lipid Transport 
 Several aspects of lipid transport may be impaired in 
 nephrosis. The major cholesterol-transporting protein asso-
ciated with the LDLs in the plasma is apo B-100. 201  This also 
has been implicated as a signi  cant apolipoprotein in ath-
erogenesis. A recent study of nephrotic patients found that 
elevated serum concentrations of cholesterol,  triglycerides, 
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an increased risk, it is unclear whether strati  cation of the 
patients into cohorts according to the degree of lipid ab-
normality would have shown an increased risk in patients 
with the highest consistent elevations in  lipoprotein levels. 
Age, underlying diagnosis, disease course, and incidence of 
other complicating factors such as  hypertension also may 
be important. Another signi  cant consideration is the pos-
sible ameliorating effect of HDL on hyperlipidemia. 233–236  In 
several studies, 184,222  HDL levels were  normal or increased 
in MCNS. This could have a protective effect and could 
decrease the likelihood of cardiovascular complications. A 
further study of larger groups of nephrotic  patients would 
allow differentiation among patients with other cardiac risk 
factors in addition to the potential hazard of  elevated serum 
lipid levels. 

 A second risk involves the role of lipids in causing 
or enhancing the progression of the renal disease itself. 237  
Rats with PAN nephrosis fed high-cholesterol diets develop 
 mesangial foam cells and mesangial proliferative changes. 238  
The relationship of systemic hypertension and hyperlip-
idemia to atherosclerosis parallels the relationship of in-
traglomerular hypertension and high lipid levels to focal 
sclerosis. 238  Effective therapy of hyperlipidemia ameliorates 
single-nephron hyper  ltration 239  and retards progression of 
renal failure in obese Zucker rats 240  and in nephrotic rats 
with reduced renal mass. 241  In obese Zucker rats, a relative 
decrease in polyunsaturated fatty acids (PUFAs), rather than 
high cholesterol levels, may be the most important lipid-
related factor in the progression of renal disease, because di-
etary supplementation with n-6 PUFA (sun  ower oil) or n-3 
PUFA (  sh oil) slowed the progression of renal disease but 
only   sh oil decreased serum cholesterol levels. 239  

 In view of these considerations, and the fact that treat-
ments for nephrosis such as steroids and diuretics may 
 exacerbate hyperlipidemia, clinicians have invested increas-
ing effort in controlling the lipid abnormalities of nephro-
sis. 242  Traditional dietary therapy is of marginal value, and 
may actually worsen the hyperlipidemia. 243  Cholestyramine 
may, by increasing the secretion of cholesterol into the bile, 
predispose one toward the development of cholesterol gall-
stones. 201  Nicotinic acid has signi  cant side effects and has 
not been studied extensively. Probucol may cause concomi-
tant loss of HDLs. 243  However, it has been shown experi-
mentally to reverse lipid-mediated vasoconstriction 244  and 
to be effective in treating patients who were 5 to 20 years 
old. 245  Two other classes of drugs found to be effective in 
treating nephrotic hyperlipidemia are   bric acids and HMG 
CoA reductase inhibitors. Gem  brozil, a   bric acid, caused 
a 51% reduction in serum triglyceride levels but only a 
15% decrease in cholesterol when given at a dose of 600 
mg twice a day to adult nephrotic patients; a 26% reduc-
tion in apo B was achieved. 246  Lovastatin, an inhibitor of 
HMG CoA  reductase, caused a 27% to 29% reduction in 
total cholesterol, LDL cholesterol, and apo B at a dose of 
20 mg twice daily in adult patients with nephrosis due to 
MCN or other  diseases. 247  In patients with nephrotic-range 

 hyperlipidemia. However, lysolecithin, a reaction product 
that binds to albumin, inhibits LCAT activity in vitro; this 
feedback mechanism is blocked by the addition of physi-
ologic levels of albumin. 214,215  Therefore, the urinary loss 
of albumin may lead to the inhibition of lipolytic enzyme 
function. 

 Albumin loss does not account entirely, however, for 
the elevated lipid levels. Although the infusion of albumin 
decreased serum lipid levels in an acute animal model of 
nephrotic syndrome, normalization occurred only after 
 simultaneous infusion of heparin. This suggests the need 
for an additional factor that aids in clearing lipid from the 
plasma. 216  In further experiments with this model, nephrec-
tomy resulted in greater improvement of the hyperlipidemia 
than did albumin infusions alone, 217  indicating that the fac-
tor may be lost in the urine. Further support for the loss 
of a speci  c regulatory molecule in the urine is provided 
by the observation that alteration of dietary protein intake 
markedly modulates the hepatic albumin synthetic rate but 
does not alter the hepatic synthesis of lipoproteins. 218  In 
this study, lipoprotein synthesis correlated directly with the 
urinary clearance of albumin, suggesting that albumin, or 
another substance lost in parallel with albumin, was needed 
to suppress lipoprotein synthesis. Experiments with anal-
buminemic rats indicate that albumin itself is not likely to 
be the critical molecule. 219  It has been suggested that the 
lost factor is LCAT. 177  HDL, which plays an essential role 
in  catabolism of VLDL, also may be lost in the nephrotic 
urine. 220,221  Conversely, other studies indicate that HDL 
 excretion is low, 196  especially in MCNS. 222  Apo C-II also may 
be lost in the urine. 201,223  

 Clinical Signi  cance 
 Regardless of the cause, the clinical signi  cance of the lipid 
abnormalities in nephrosis must be considered. Hyperlip-
idemia has been associated with cardiovascular disease in 
otherwise healthy young adults, but studies evaluating such 
a correlation in nephrotic patients produced con  icting 
 results. Premature coronary atherosclerosis 224  and a high 
incidence of myocardial infarction and other cardiovascular 
diseases 225,226  have been documented in nephrotic subjects, 
as well as a higher incidence of hypertension in nephrotic men 
than in control subjects. 227  Intimal-medial thickness ratios, as 
an index of atherosclerotic plaque formation, were increased 
as a function of the number of  relapses that had occurred in 
children and young adults with steroid-sensitive nephrotic 
syndrome. 228  In addition, plasma levels of lipoprotein(a), a 
strong risk factor in cardiovascular disease, are increased. 229  
Macrophage morphology and function are altered by the 
hyperlipidemia of nephrosis 230  and oxidized lipids are in-
creased in the nephrotic syndrome, 231,232   potentially con-
tributing to the development of atheromatous plaques. In 
contrast, other studies have not con  rmed a predisposition 
to atherosclerosis in patients with nephrosis. 233,234  These dis-
crepant results may re  ect limitations of population base or 
selection bias. 184,222  In the studies that did not  demonstrate 
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disease has ranged from 4% to 51%, depending on the 
methods used to establish the diagnosis and to select the 
patient population for study. 260  The mean prevalence is 
12%. There is a high incidence of RVT in mesangiocap-
illary glomerulonephritis and the nephritis of systemic 
lupus  erythematosus, and RVT can complicate numer-
ous other renal  diseases. 255  It is relatively uncommon in 
 nephrotic children  except in those with congenital ne-
phrotic  syndrome of the  Finnish type. 261  

 The thrombosis may involve only the renal venous 
 system or it may extend into the inferior vena cava. There-
fore, it is not surprising that pulmonary emboli develop in 
about 40% of adult patients with RVT, although pulmonary 
emboli rarely occur in children. Death from pulmonary em-
boli is uncommon. 253,255  

 The diagnosis of acute RVT is suggested by   ank pain, 
costovertebral angle tenderness, gross hematuria, increased 
proteinuria, and acute reduction in renal function; intrave-
nous pyelography may show ureteral notching or pelvicali-
ceal irregularities. 260  Ultrasonography may demonstrate only 
a large kidney or may visualize the thrombus if it extends 
into the renal vein or inferior vena cava. However, Doppler 
ultrasound analysis often shows decreased venous blood 
  ow. A more chronic form of RVT may be asymptomatic 
and may be identi  able only by venography. 260,262  The mode 
of presentation of other thromboses depends on their site. 
 Diagnosis can be dif  cult and the existence of arterial throm-
bosis may not be realized until autopsy. Ultrasonography 
and angiography are the preferred studies. 

 Regulators of Coagulation 
 The blood coagulation pathway represents a cascade of 
events that regulate the dynamic balance between the 
ability of the blood to remain   uid and its tendency to 
 assume a gelled state in the presence of altered   ow condi-
tions or exposure to nonendothelial surfaces. Contributing 
to hemostatic balance are several opposing systems that 
contribute to a cascade through which a series of enzymes 
regulates   brin polymerization (Fig. 52.6). Coagulation 
is initiated by the activation of prekallikrein to kallikrein 
( intrinsic pathway), or by exposure to nonendothelial 
tissues ( extrinsic pathway). These pathways meet in the 
activation of factor IX, initiating a common pathway in 
which a central role is played by thrombin (factor IIa). This 
 enzyme stimulates the activation of   brinogen to   brin and 
the aggregation of platelets. It also activates factors V, VIII, 
and XIII.  Factor XIIIa triggers the cross-linking of   brin 
monomer into a stable polymer. Two systems oppose clot 
formation and stability. Protein C is processed to activated 
protein C (aPC) by thrombin complexed with thrombo-
modulin. With free protein S as a  cofactor, aPC inacti-
vates factors Va and VIIIa. The other system that  opposes 
 coagulation is the    brinolytic pathway, in which plasmin-
ogen activators convert plasminogen to plasmin, which 
degrades   brin polymer.  Several proteins inhibit these 
pathways: antithrombin III and      2 -macroglobulin  inhibit 

proteinuria, doses up to 40 mg twice daily caused similar 
decreases  regardless of whether the patients were on corti-
costeroid therapy. A slight increase was noted in serum HDL 
concentrations. 248  Kinetic studies showed that lovastatin 
enhances the catabolism of VLDL triglycerides and lowers 
LDL cholesterol by decreasing input rates for LDLs, 249  most 
likely through the inhibition of LDL–apo B synthesis from 
VLDL. 250  Atorvastatin also is effective in reducing nephrotic 
hyperlipidemia. 251  In children, HMG CoA reductase inhibi-
tors may be effective, but some clinicians have urged caution 
regarding their use in the very young child, raising the possi-
bility that inhibiting cholesterol synthesis might impair neu-
ral myelination. This potential concern needs to be weighed 
against the more immediate issues of cardiovascular compli-
cations and renal disease progression. 

 Disorders of Hemostasis 
 The association between nephrotic syndrome and intravas-
cular coagulation has been known for more than a century, 
but it was not until 1948 that the concept of a thrombotic 
diathesis in nephrotic patients was proposed. 252  In a review 
of 3,377 children with nephrotic syndrome, the incidence 
of thromboembolic complications was 1.8%. 253  The preva-
lence of such complications in adult nephrotic subjects is 
much higher and averaged 26% in eight series of patients. 254  
Thrombosis may occur at any stage during the course 
of the nephrotic syndrome, but it is most frequent in the 
 early months. 

 Extent of Clinical Involvement 
 Deep vein thrombosis of the leg is the most common throm-
botic complication in the nephrotic adult and was respon-
sible for one third of the thromboembolic complications in 
the largest published series of nephrotic children. 253  Other 
reported sites of venous thromboses include the subclavian, 
axillary, external jugular, portal, splenic, hepatic, and mes-
enteric veins as well as the super  cial cerebral cortical sinus, 
where thrombosis has been observed in both children and 
adults and may be fatal. 255,256  Arterial thrombosis occurs less 
frequently and is seen primarily in children. Thrombosis of 
the aorta and of the mesenteric, axillary, femoral, ophthal-
mic, carotid, cerebral, renal, pulmonary, and coronary arter-
ies has been reported, as has intracardiac thrombosis. 255,256  
The pulmonary 257  and femoral arteries are particularly sus-
ceptible, the former potentially resulting in infarction 258  and 
the latter usually as a complication of attempted blood sam-
pling from the femoral vein. Although recanalization of the 
artery does occur, a relatively high proportion of patients 
with arterial thrombi die. 257  

 The lesion that has attracted the most attention, how-
ever, is RVT. It is most often seen with membranous glo-
merulopathy 259  to the extent that at one time there was 
some controversy about whether RVT was the cause, 
rather than a complication, of the glomerular lesion. The 
reported  frequency of RVT in patients with membranous 
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stasis, hemoconcentration, increased blood viscosity, and 
possibly the administration of steroids, may also contrib-
ute to enhanced blood clotting. These nephrotic effects 
on coagulation pathways, which are listed in Table 52.3 
and discussed in detail elsewhere, 255,262,263  are considered 
here brie  y. 

thrombin;     1 -antiplasmin and     2 -macroglobulin inhibit 
plasmin; and the plasminogen activator inhibitors (PAIs) 
inhibit plasminogen activators and aPC. Activated protein 
C, in turn, opposes PAI effects. Many of the components of 
these pathways are altered in nephrosis. In addition, physi-
cal conditions of the nephrotic syndrome, such as venous 

FIGURE 52.6 Interactions among circulating participants in the coagulation cascade. The intrinsic pathway begins in the upper 
left; the contact system of factor XII, prekallikrein, and high-molecular-weight kininogen (HMWK) that initiates the intrinsic cascade 
is shown in condensed form. The extrinsic pathway begins in the upper right. The action of factor VIIa on the activation of factor IX 
has blurred the distinction between these two limbs of the cascade. The common pathway begins with activation of factor X and 
results in thrombin activity and   brin cross-linking. Coagulation is counteracted by the   brinolytic pathway, including plasminogen 
activators and plasminogen/plasmin. In addition, there are several anticoagulant pathways, most notably inhibition of factors Va and 
VIIIa by the inhibitory cofactors protein S and activated protein C (aPC). Alpha-2-macroglobulin, which binds to and inhibits most of 
the enzymes in this system, is not shown here for the purpose of simplicity. The relationship between heparin sulfate proteoglycans 
(HSPGs) and plasminogen activator activity shown in the lower right should be regarded as hypothetical for human pathophysiology. 
Thick solid lines with arrows indicate reactions; thin solid lines with triangular arrows denote catalytic effects; joining lines show cofac-
tors in catalysis. Broken lines with fork-tailed arrows represent inhibitory actions. PAI-1 and PAI-3 bind to aPC; this interaction may cause 
mutual inhibition of the action of these proteins.  1 AP,  1-antiplasmin; ATIII, antithrombin III; C4bBP, complement factor 4b-binding 
protein; PAIs, plasminogen activator inhibitors; TM, thrombomodulin; tPA, tissue-type plasminogen activator; uPA, urokinase plasmino-
gen activator. (Figure composed with the assistance of G. A. Soff.)
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platelets is known to be regulated by albumin. 272,273  Thus, 
platelets show greater production of  thromboxane B 2  and 
malondialdehyde in nephrotic plasma than in normal 
plasma when challenged with arachidonic acid. The ad-
dition of albumin to the nephrotic  plasma corrects this 
abnormality. 274  Finally, it is possible that alterations in 
platelet membranes could be responsible for increased 
platelet activity. Platelet membranes contain a sialoglyco-
protein with a pK of 1.8 to 2.2. 275  This may be  important 
in  preventing spontaneous platelet  aggregation or plate-
let interaction with the vessel wall. 276  Because systemic 
negative-charge sites may be reduced during  relapses of 
 nephrotic  syndrome, 69  the same mechanism responsible 
for the reduction of negative-charge sites in the GBM could 
enhance platelet  aggregation. 

 Coagulation Factors 
 Evidence that various functions of blood coagulation are ac-
tivated in nephrosis is provided by increased concentration 
of the  D -dimer of   brinogen. 277  Elevated levels of this break-
down product of cross-linked   brin indicate that both the 
coagulation and   brinolytic pathways are concurrently acti-
vated. Plasma   brinogen is consistently elevated in  nephrotic 
syndrome due to increased hepatic synthesis. Chromatog-
raphy demonstrates both increased polymerization and 
 increased proteolytic derivatives of   brinogen or   brin. 
These changes reverse as patients with nephrotic syndrome 
enter remission. 278  This evidence for increased intravascu-
lar   brin formation is supported by the   nding of  increased 
plasma levels of   brinopeptide A, at least in FSGS. 278  

 The concentration in nephrotic patients of coagulation 
factors that initiate   brin formation likely re  ects the balance 
between the increased hepatic synthesis of these proteins, 
triggered as part of a nonspeci  c response to hypoprotein-
emia, as described previously for lipoproteins, and urinary 
losses. Therefore, lower molecular-size proteins (approxi-
mately less than 70 kDa) may be lost in the urine, whereas 
higher molecular-size proteins (greater than 300 kDa) are 
likely to be increased in the plasma. For example, most 
studies agree that levels of factors V and VIII are increased 
in the plasma, whereas those of factors IX, XI, and XII are 
 decreased 279  despite the possibility that production may still 
be increased. The magnitude of the increase in concentration 
of factors V and VIII, for example, correlates with the  degree 
of reduction in serum albumin and the likely resulting in-
creased hepatic synthesis of these factors, stimulated by 
 hypoalbuminemia. 280  Plasma levels of factors II, VII, X, and 
XIII are often found to be increased. 281–283  There is no direct 
evidence that any of these changes are responsible for the 
hypercoagulable state. Indeed, the alterations in blood levels 
of these factors are often inconsistent and of minor degree. 
Therefore, these abnormalities may be of more biochemical 
than clinical interest. Most of the changes in concentration 
of these zymogen factors reverse with clinical remission of 
the nephrotic syndrome. 

 Platelet Aggregation 
 Platelets may play a role in the genesis of the coagulopa-
thy of nephrotic syndrome. Thrombocytosis is commonly 
found, especially early in the disease course, 264  and plate-
lets show markers of activation. 265  Platelet aggregability is 
increased and platelet degranulation has been described. 266

In addition, plasma levels of the platelet release substance 
  -thromboglobulin are increased. 264,267  Levels of platelet 
factor 4 are normal 268  or increased. 264  In contrast, platelet 
calcium ion release and ATP secretion have been found to 
be decreased in nephrosis. 269  The authors of that report sug-
gest that platelets may become desensitized to platelet acti-
vating factor (PAF) because of exposure to consistently high 
 ambient concentrations. 

 Platelet hyperaggregability correlates with the degree 
of proteinuria and with plasma cholesterol levels. It can be 
reversed by the addition of urine protein. 268  These   ndings 
suggest that the urinary loss of albumin 270  or of some factor 
that normally inhibits platelet aggregation is responsible 
for the changes seen in nephrotic syndrome. Alternatively, 
hyperlipidemia could result in the changes, because plate-
let aggregation is increased in patients with type II hyper-
lipoproteinemia to a degree that is comparable to that seen 
in nephrotic syndrome. 271  Altered  platelet function could 
be a response to hypoalbuminemia, because the conver-
sion of arachidonic acid into metabolites that  aggregate 

TA B L E

Coagulation System Abnormalities in 
the Nephrotic Syndrome

Increased platelet aggregation
Thrombocytosis
 -Thromboglobulin
Platelet factor 4
Increased procoagulant activity
Physical factors
Hemoconcentration
Hyperviscosity
Increased factor production

Intrinsic pathway—factors VII and IX (variably)
Extrinsic pathway—factor VII (variably)
Common pathway

Fibrinogen
Factors V and VIII
Factors X and II (variably)

Urinary loss of anticoagulants
Antithrombin III
Free protein S

Increased inhibitors of anticoagulation
 2-Macroglobulin
C4b-binding protein

Increased plasminogen

TA B L E

52.3
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on whether thrombosis has occurred. Of the serine protease 
inhibitors that modulate both the   brinolytic and throm-
bin systems, levels of     2 -macroglobulin are increased and 
those of     1 -antitrypsin are decreased. 283  Again, this probably 
 re  ects the effect of urinary loss on plasma concentrations. It 
also is possible that local vascular conditions affect   brino-
lysis. The infusion of a variety of polyanions causes an im-
mediate local increase in the release of plasminogen activator 
and PAI activity in the sow ear. The PAI activity immediately 
returns to normal but the increase in plasminogen activator 
activity is sustained, 301  suggesting that negative charges in 
the vascular tree are important for inducing the plasminogen 
activator pathway. If nephrosis is associated with a general-
ized reduction of   xed negative charge sites in the vascu-
lar space, 69  it is likely that decreased negative charges could 
have an impact on the induction of   brinolysis. Coupled 
with increased     2 -antiplasmin concentrations, decreased tis-
sue-type plasminogen activator activity would signi  cantly 
impair   brin degradation. However, the increase in circu-
lating  D -dimer cited previously indicates that at least some 
  brinolysis occurs in nephrosis. It also is possible that    brin 
polymerization is impaired in nephrotic patients. In one 
study of a broad spectrum of adults with nephrosis, most 
had prolonged thrombin times. Half of the patients showed 
decreased ability to polymerize   brin monomer. There was 
no correlation of this   nding with prothrombin time, par-
tial thromboplastin time,   brin degradation products, anti-
thrombin III concentration, or platelet count. 302  

 Physical Factors Affecting Coagulation 
 Physical factors such as increased blood viscosity also may 
contribute to the generation of thromboembolic com-
plications. 303  Both children and adults with MCNS and 
well- preserved renal function may have marked hemo-
concentration with elevated hematocrit and hemoglobin 
 concentrations. Such changes are associated with dispropor-
tionate increases in viscosity and could be aggravated by the 
therapeutic use of diuretics, especially if these cause further 
hemoconcentration. In addition, when plasma   brinogen 
levels increase, especially to values as high as 1 g per deciliter 
as can be seen in nephrotic syndrome, they cause increased 
erythrocyte aggregation and marked increases in plasma vis-
cosity. 304  A role for physical factors is supported by the high 
incidence of renal vein thrombosis, because hemoconcentra-
tion of the blood and the effect of urinary inhibitor loss will 
be most pronounced in the radicles of the renal vein. 305  

 Steroid administration increases the concentrations of 
several clotting factors and modi  es coagulation mecha-
nisms. 255  Moreover, a high incidence of thromboses was 
 recorded after these drugs were   rst used to treat nephrotic 
syndrome. 306  Both arterial and venous thromboses, however, 
have been found in nephrotic subjects not receiving steroids. 
Furthermore, a hypercoagulable state is present in untreated 
MCNS patients, and levels of the coagulation factors do not 
change after steroid treatment is implemented. 278  

 Inhibitors of Coagulation 
 The most well-studied biologic antagonist of coagulation, 
antithrombin III, is decreased in the plasma of nephrotic 
patients. 284–288  This is presumed to be due to urinary loss 
of antithrombin III, which has a relatively low molecular 
weight. Indeed, plasma antithrombin III levels in nephrot-
ic syndrome correlate well with those of serum albumin 
and inversely with the renal clearance of antithrombin III. 
 Because hereditary antithrombin III de  ciency is associ-
ated with frequent thrombosis, it was hypothesized that 
the low plasma antithrombin III levels were insuf  cient to 
 inactivate procoagulant factors and were the major cause for 
the  hypercoagulable state and the development of throm-
bosis in nephrotic syndrome. 286  However, only patients 
with plasma albumin levels below 2 g per deciliter show 
signi  cant reductions in plasma antithrombin III levels, 289  
whereas  hypercoagulability may be present in patients with 
albumin levels exceeding this value. Further, normal plasma 
levels of antithrombin III were found in nephrotic subjects 
who had loss of antithrombin III in the urine and who had 
thromboembolic complications. 290  Indeed, decreases in 
 antithrombin III levels may be compensated for by increased 
plasma levels of     2 -macroglobulin, 283  leading to increased 
total  antithrombin activity. 278  

 A complex effect of nephrosis has been noted on the 
anticoagulation pathway by which protein C is activated by 
thrombin and thrombomodulin to aPC. Activated protein 
C and protein S combine to inhibit factor VIIIa (decreasing 
a ctivation of factor X) and factor Va (decreasing activation of 
factor XI). Protein S exists in circulation in two forms: free 
and bound to C4b binding protein. Only the free protein S 
can serve as a cofactor with protein C to inactivate factors Va 
and VIIIa. 291  In nephrotic syndrome, although small amounts 
of protein C are lost in the urine, serum concentrations are 
normal, 292,293  indicating that hepatic synthesis is able to com-
pensate. In contrast, although plasma levels of C4b binding 
protein–protein S complex are usually normal to elevated, 
free levels are markedly decreased. 294  This   nding is consis-
tent with the molecular sizes of the complex (640 kDa) and 
the free protein S (69 kDa). Acquired  dysfunction of this sys-
tem is a common cause of thrombotic diathesis. 291,295  Indeed, 
intractable deep vein thrombosis in an unusual nephrotic 
child with decreases in both protein S and C4b-binding pro-
tein concentrations 296  supports the notion that abnormalities 
of this system are clinically  signi  cant. 

 Fibrinolysis 
 Alterations in the concentrations of several of the compo-
nents of the   brinolytic system have been documented. 297  
Decreased   brinolytic activity has been associated with 
 hypertriglyceridemia. 298  Of the individual components of the 
  brinolytic system, decreased concentrations of plasmino-
gen have been found 287,299 ; levels of tissue-type plasminogen 
activator 277  and PAI-1 300  are elevated. Varying levels of     2 -
antiplasmin have been reported, 277,278  possibly depending 
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decreased serum levels result from urinary loss. These con-
cerns have led to recommendations that both pediatric and 
adult patients with nephrosis should receive the pneumo-
coccal polysaccharide (23-valent) vaccine. 317,318  In addition, 
the use of penicillin prophylaxis may be required in children 
younger than 2 years of age, or in older patients who have 
low antibody titers or recurrent pneumococcal infections. 319  
Immune system abnormalities more speci  cally associated 
with MCN are unlikely to result entirely from albuminuria, 
because they are speci  c for that disease; these will be con-
sidered in the section on MCN later in this chapter. 

 Consequences of Loss of Other Proteins 
 Numerous proteins in addition to albumin are lost in the 
urine. In most instances, these proteins are of a similar or 
smaller size than albumin. Such losses could alter function 
in the endocrine system or in metabolic pathways. There-
fore, the loss of insulinlike growth factors could contribute 
to poor growth in some nephrotic children. 320  The urinary 
loss of thyroxin-binding globulin (TBG) correlates well with 
total urinary protein excretion. 321  In addition to TBG, loss-
es of thyroxine (T 4 ) and triiodothyronine (T 3 ) in nephrotic 
urine are associated with decreased serum levels of T 3  and 
TBG. Most of the patients studied were clinically euthyroid 
and their serum levels of free T 4  and thyroid-stimulating 
hormone (TSH) did not differ from those in normal control 
subjects. 322  In addition, their values for T 3  uptake were nor-
mal. Another study documented urinary losses, but normal 
 serum concentrations of TBG. 323  The patients had low or low-
normal T 4  levels. Such differences in   ndings could  relate 
to the underlying cause for nephrotic syndrome, whether it 
is associated with selective or nonselective proteinuria and 
whether it is accompanied by uremia. Children with MCNS 
have serum T 4  or free T 4  levels that are marginally low. 324  
They have been interpreted as having mild thyroid failure 
based on increased baseline TSH levels and their response 
to thyrotropin-releasing hormone. 325  In patients who have 
congenital nephrotic syndrome, nephrectomy to eliminate 
proteinuria is associated with normalization of thyroid sta-
tus, indicating that these abnormalities result from massive 
proteinuria rather than an intrinsic glandular defect. 326  

 Total serum calcium is markedly reduced, primarily be-
cause of hypoalbuminemia and the consequent decrease in 
protein-bound calcium. Serum ionized calcium levels may be 
reduced as well, 327,328  even in nephrotic subjects with normal 
renal function; this may result in symptomatic  hypocalcemia. 
At least some of the reduction in ionized calcium is the con-
sequence of a loss of 25-hydroxyvitamin D (25-[OH]-D) in 
nephrotic urine 329,330 ; normally bound to and absorbed via 
megalin, vitamin D–binding protein is lost as the protein reab-
sorptive capacity is saturated and exceeded due to proteinuria. 
Other metabolites of vitamin D may be lost as well. 331  Low 
plasma levels of 25-(OH)-D, 1,25(OH) 2 -D, and 24,25-(OH) 2 -
D have been reported in patients with nephrotic syndrome, 330  
and intestinal absorption of calcium is  reduced 327 ; serum 

 Except for the protein S data, the potential relationship 
between various biochemical   ndings and the clinical im-
portance of thrombus formation remains largely theoretical. 
For example, the biochemical abnormalities in children may 
be more severe than in adults with the nephrotic syndrome, 
whereas the incidence of thromboembolic phenomena is 
worse in adults. 307  This may re  ect the fact that MCN is 
more common in children, whereas membranous nephropa-
thy (see Chapter 63) is more common in adults. Therefore, 
the underlying nature of the disease may be important in 
determining the occurrence of intravascular coagulation. 
 Finally, it is important to consider the physiologic conditions 
within the circulatory tree. For example, one study suggested 
that although platelet aggregation is increased in nephrosis, 
   brin conversion inhibits platelet interaction with the vessel 
wall extracellular matrix, actually decreasing the likelihood 
of platelet participation in thrombus formation. In this sys-
tem, the data suggest that increased   brin formation, but 
not increased platelet aggregation, contributes to the hyper-
coagulability of the nephrotic syndrome. 308  In support of a 
primary role for the coagulation cascade, nephrotic patients 
show biochemical evidence for endothelial injury. 309  The 
 effects of negative-charge sites must also be considered. Like 
plasminogen activator activity, antithrombin III is active in 
association with vascular wall heparin sulfate proteoglycans. 
If MCNS involves a generalized decrease in negative-charge 
sites, antithrombin III activity may be impaired. 

 Infections 
 It has long been known that patients with MCNS have in-
creased susceptibility to infection. This increase may be 
 related to the prolonged presence of gross edema or ascites, 
which are composed of   uids that represent ideal  culture 
media for bacterial growth. The infection risk may be poten-
tiated by therapy with steroids or immunosuppressive drugs, 
although the high incidence of infections was noted in the 
era before these drugs were available. Humoral  responses to 
bacteria may be defective. Plasma concentrations of IgG are 
markedly reduced during relapse, 310  and the ability of MCN 
patients to generate speci  c antibodies is  impaired 311  be-
tween as well as during relapses. Although the role of these 
abnormalities in predisposing nephrotic subjects to infec-
tions remains to be elucidated, it may be signi  cant that boys 
with MCN respond poorly to the hepatitis B vaccine. 312  This 
same population has a higher incidence of chronic hepatitis 
B surface antigenemia than that found in a control popula-
tion. 313  Another factor that could contribute to a high rate 
of infections in patients with nephrosis is a decreased serum 
level of alternative complement pathway factor B. Absence 
of this factor has been linked to defective opsonization of 
 Escherichia coli  in nephrotic patients 314  and to defective neu-
trophil function. 315  Serum levels of hemolytic factor D also 
are decreased in patients during relapse and return to normal 
with remission. 316  Levels of both of these factors correlate 
strongly with serum albumin concentration, suggesting that 
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 General Approach to the Treatment of 
Nephrotic Syndrome 
 Based on the consequences of proteinuria described in 
the preceding text, symptomatic treatment regimens have 
been developed for the care of all nephrotic patients, even 
 beyond those classi  ed as having a form of primary ne-
phrotic  syndrome. These treatments, which are aimed at the 
physiology of nephrosis rather than the etiology of the dis-
ease, have implications beyond the reduction of nephrotic 
 proteinuria and edema. 

 Diuretics and Fluid Management 
 Many patients with nephrotic syndrome respond to the 
acute use of diuretics with increased urinary losses of so-
dium and water. Although diuretics may be effective, there 
are limited indications for their use in the acute treatment 
of nephrotic subjects, especially children. The degree of 
 diuresis and natriuresis they induce is small compared to 
that observed when the patient responds to treatment direct-
ed at the  underlying cause. Furthermore, it is possible that 
diuretic use, by depleting intravascular as well as interstitial 
  uid volume, may contribute to the development of shock 
seen in some patients with MCNS. 173  

 Nonetheless, oral or parenteral diuretics are effective 
and often are indicated in the management of persistent 
edema. Parenteral furosemide is more effective than an oral-
ly administered drug. Treatment may be initiated at 1 mg 
per kilogram (up to 40 mg) with judicious increases up to 
three to four times the usual dose 343  in an effort to elicit a 
response. Diuretic therapy may be less effective in patients 
with primary nephrotic syndrome than in most other pa-
tients, in part because of a combination of factors resulting 
in a physiologically decreased ability to excrete sodium. This 
is especially true of the loop diuretics such as furosemide, 
which also may be inhibited by its binding to albumin pres-
ent in the tubular lumen. 344  Although spironolactone inter-
feres with distal nephron sodium reabsorption and thus is 
a theoretically useful diuretic, in practice its delayed onset 
of action and relatively weak potency limit its usefulness to 
being a potentiating agent with loop diuretics. Metolazone, 
a thiazidelike drug that impedes both proximal and late dis-
tal nephron sodium absorption, 345  is a singularly effective 
oral diuretic in patients with sodium retention secondary 
to  nephrotic syndrome. There is a possibility that diuretic 
therapy will deplete the intravascular volume without sig-
ni  cantly reducing the tissue edema. Therefore, diuretics 
should be administered with care and withheld in patients 
for whom a rapid response to steroids is anticipated. 

 If the patient has anasarca, if respiratory embarrassment 
results from ascites or pleural effusion, if scrotal or vulval 
edema is suf  ciently severe to threaten tissue breakdown, 346  
or if peritonitis is present, then more aggressive therapy is 
warranted to decrease the amount of edema. A useful regi-
men consists of oral spironolactone, 1 mg per kilogram per 
day, and daily intravenous infusions of albumin, 0.5 g per 

 parathyroid hormone levels are  increased. 328  From these 
observations, it has been postulated 332  that urinary loss of 
 vitamin D complex results in  decreased absorption of intesti-
nal calcium, skeletal resistance to parathyroid hormone, and 
reduced  serum calcium levels. In turn, these changes cause 
 increased parathyroid hormone (PTH) production and could 
result in defective bone mineralization. Although it has not 
been proved that the changes described cause signi  cant bone 
disease, 333  ongoing steroid therapy may increase the likeli-
hood of clinically signi  cant problems. 334,335  In 60 children 
and adolescents with relapsing nephrotic syndrome, bone 
mineral density (BMD) was decreased, but whole-body bone 
mineral content was higher because of an increase in the 
body-metabolic index. 335  In  patients with unremitting pro-
teinuria and low 25-OH-D levels, supplementation with oral 
calcium and 25-OH-D should be considered. 336  

 Carbohydrate metabolism also may be deranged. Of 38 
adult nephrotic patients who had not received any drugs, 
including glucocorticoids, for at least 2 months, 14 had oral 
glucose tolerance test results that were similar to those found 
in diabetic patients. 337  Affected patients had increased insu-
lin secretion that was thought to be secondary to increased 
growth hormone levels. The initiating event for these chang-
es was not determined. There was no correlation of these 
  ndings with either serum albumin levels or renal histo-
pathology. This observation raises the question of whether 
 nephrotic hyperlipidemia could contribute to the develop-
ment of noninsulin-dependent (type 2) diabetes mellitus. 

 Alterations in trace metal metabolism may be due to 
urinary losses of either the metals or their carrier proteins. 
Decreased serum levels of both iron and copper, associated 
with a low serum iron-binding capacity and low erythro-
cyte copper content, have been documented in nephrotic 
syndrome. 338  Serum levels of copper, but not iron, were 
improved by oral administration of the metal. Urinary iron 
and copper concentrations correlated with protein excre-
tion. The intravenous infusion of albumin led to increased 
albuminuria and increased metal excretion. In each case, 
the abnormalities appeared to be related to urinary protein 
loss. Nephrotic children may develop anemia secondary to 
 urinary loss of transferrin and iron. 339,340  Serum zinc levels 
are low in nephrotic syndrome, but urinary excretion of zinc 
is not elevated. Zinc binds to albumin so that serum zinc 
levels change with alterations in albumin levels, regardless of 
the etiology of the nephrotic syndrome. However, decreased 
zinc content in the hair of these patients suggests that other 
aspects of zinc metabolism also may be deranged. 341  

 Many drugs are protein bound in the plasma. Hypoal-
buminemia decreases the number of drug-binding sites and 
could result in increased toxicity of drugs that normally are 
bound to protein. For example, digoxin is 25% bound to 
proteins in the plasma, digitoxin is 90% bound, hydrochlo-
rothiazide is 60% bound, and furosemide is 96% bound; 
hydralazine, prazosin, and diazoxide are all approximately 
90% bound, whereas the binding of barbiturates varies from 
5% to 80% depending on the molecular structure. 342  
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in some patients by mobilizing tissue   uid include local 
pressure using surgical elastic stockings or immersion up 
to the neck in warm water. 135  After remission is induced, 
a high-protein diet may increase the rate at which plasma 
protein concentration returns to normal. 349  

 Dietary Treatment 
 As already indicated, dietary sodium and water restriction 
is important in the management of the acute phase of ne-
phrotic syndrome. Long-term reduction of dietary sodium 
intake in combination with diuretics can be most effective at 
controlling edema in patients resistant to steroids and other 
pharmacologic agents. 

 Other dietary manipulations have received attention. 
High-protein diets can be bene  cial in special groups of pa-
tients such as those with congenital nephrotic syndrome. 350  
The concept of increasing dietary protein in all nephrotic 
subjects has not proved to be bene  cial. Although albumin 
synthesis increases with such diets, urinary protein excre-
tion increases too, possibly due to an angiotensin II–induced 
increase in glomerular permeability. Therefore, it has been 
proposed that inhibitors of ACE should be used in conjunc-
tion with the high-protein intake. 100  

 Conversely, low-protein diets will decrease albuminuria 
and will increase albumin mass. 351  This re  ects conserva-
tion of essential amino acids in response to  proteinuria. 352  
The use of soy-based, low-protein, low-fat diets rich in 
polyunsaturated fats and supplemented with essential 
amino acids or keto analogs results in decreases in urinary 
protein  excretion and in serum total and LDL cholesterol 
 levels. 353–355  Supplementing diets with   sh oils containing 
   -3 fatty acids has not proved bene  cial. 356  Concerns about 
such dietary manipulations include their cost, the lack of pa-
tient acceptance, and whether strict adherence might result 
in speci  c nutritional de  ciencies. 351,357  Reducing dietary fat 
intake in hyperlipidemic but otherwise healthy children to 
the levels recommended by the National Cholesterol Educa-
tion Program is safe and does not affect the children’s growth 
or development. 358  The safety of more stringent restrictions 
in children with renal disease remains to be determined. 

 Lowering dietary fat intake has a limited effect on reduc-
ing serum lipids in the nephrotic patient. Therefore, atten-
tion has focused on whether there is a role for lipid-lowering 
drugs in managing hyperlipidemia in these patients (see the 
following paragraph). The ef  cacy of oligoantigenic diets 
or those that eliminate speci  c antigens has been tested in 
 nephrotic subjects (see section on Atopy and Minimal Change 
Nephropathy). This approach is based on the  possibility that 
some cases of nephrotic syndrome may be the consequence 
of food allergies, especially to milk and dairy products. 

 Lipid-Lowering Drugs 
 Long-term administration of HMG CoA reductase inhibitors 
in nephrotic patients will induce reductions of serum triglyc-
erides as well as serum total and LDL cholesterol levels; HDL 

kilogram initially and increasing, if well tolerated, to 1 g per 
kilogram per day. The albumin infusion should be preceded 
by the intravenous infusion of furosemide, 0.5 mg per kilo-
gram. A repeated dose of diuretic is given toward the end of 
the albumin infusion. Blood pressure should be monitored 
throughout the albumin infusion to help avoid complica-
tions from rapid mobilization of edema   uid into the circu-
lation, although the regimen usually is free from signi  cant 
side effects when used in children and young adults. Some 
observations suggest that the administration of albumin may 
result in more severe glomerular epithelial changes, should 
raise the oncotic pressure of the tissue space, should  delay 
the response to corticosteroid therapy, and should  induce 
more frequent relapses after remission. 347  In view of the 
potential for complications of albumin infusion, 348  this 
treatment should be reserved for the speci  c indications of 
 respiratory embarrassment, tissue breakdown, or the need 
to elicit urine output to con  rm the diagnosis of nephrosis. 

 Management of the acute phase of nephrotic syndrome 
should include dietary sodium restriction. During relapse, 
dietary sodium intake optimally should be reduced to about 
0.5 g per day, which is approximately equivalent to a 1-g salt 
diet or about 20 mEq of sodium per day. Such severe  dietary 
restriction is dif  cult to accomplish even in a  carefully con-
trolled hospital setting. It is important to emphasize that 
 severe restriction of sodium intake will not result in weight 
loss when nephrotic patients are in the sodium-retaining 
phase of their disease. In such patients, the normal extrarenal 
losses of  sodium may amount to less than 10 mEq per day. 
Therefore, severe dietary sodium restriction is intended to pre-
vent further accumulation of edema. Use of a salt substitute 
may facilitate compliance with the sodium-restricted diet, but 
in patients with renal insuf  ciency, it must be  limited because 
these preparations consist of potassium and ammonium salts. 

 At home, most patients can rarely manage dietary re-
striction below that of a no-added-salt diet. This provides 
a sodium intake of 40 to 60 mEq per day depending on 
the patient’s size. Even in remission, it should be employed 
not only to lessen the risk of edema formation if the patient 
has a relapse, but also to reduce side effects from steroid 
 administration. 

 Although there is some debate regarding   uid manage-
ment, we believe that   uid intake also should be restricted, 
at least initially. If intake equals insensible   uid losses plus 
urine output, the patient’s weight will remain stable with-
out further accumulation of edema. To accomplish a loss of 
weight,   uid intake must be reduced below this level. Some 
nephrotic patients experience intense thirst. If sodium  intake 
is limited and   uid intake is great, the patient can become 
hyponatremic and will remain edematous. 

 Anecdotal experience suggests that bed rest may po-
tentiate a diuresis, perhaps by redistributing   uid from the 
peripheral tissues to the vascular space, thereby increasing 
renal blood   ow. Bed rest also may accelerate a response to 
steroids and, when practical, should be advised for patients 
with anasarca. Other therapies that may facilitate a  diuresis 
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GFR and RBF. In patients with membranous nephropathy, 
ACE inhibition may have a size-selective effect, 370  decreas-
ing the fractional clearance of larger (   60 Å) molecules, 
suggesting an effect on the shunt pathway of macromolecu-
lar clearance. Such studies have supported efforts by clini-
cians to utilize ACE inhibitors to decrease proteinuria not 
only for symptomatic management but also in an effort to 
 delay or prevent the progression of chronic kidney disease. 
 Angiotensin-receptor blockade (ARB) has an equivalent ef-
fect to that of ACE inhibition, and the combination of ACE 
inhibition and ARB has been proposed to be more effective 
than either alone. 371  The ef  cacy of this treatment will be 
considered further in the section on FSGS. 

 It is possible that at least a part of the antiprotein-
uric effect of ACE inhibition is not mediated by the glom-
erulus. Angiotensin blockade enhances megalin expression 
and  albumin reabsorption, 372  and indeed, the angiotensin 
 antagonist, eplerenone, is synergistic with ACE inhibition in 
reducing nephrotic proteinuria. 373  

 Nephrectomy. Unilateral nephrectomy has proved bene  -
cial in some infants presenting with nephrotic syndrome in 
the   rst year of life, 374  and bilateral nephrectomy may be a 
useful part of the aggressive approach required in patients 
with congenital nephrotic syndrome if they are to survive 
to an age when transplantation is feasible 375,376  (see section 
on Nephrotic Syndrome in the First Year of Life, later in this 
chapter). Bilateral embolization of renal arteries can be an 
important therapeutic option in carefully selected patients 
with nephrotic syndrome who appear destined to progress 
to end-stage renal failure. 377  

 MINIMAL CHANGE NEPHROPATHY 
 Although MCN is often thought of as a pediatric disease, 
it is the third most common cause of nephrosis in adults 9  
and remains the most common cause of nephrotic syndrome 
in children younger than 16 years of age. Indeed, it is the 
second most common primary renal parenchymal disease 
in that age group. Two to 7 new cases occur annually per 
100,000 children, 378  and the prevalence is about 15 cases 
per 100,000 children. Although most children with MCN 
achieve permanent remission of symptoms by the time they 
reach puberty, some cases persist into adulthood. 379  Fur-
thermore, new cases have been reported in the eighth de-
cade of life. 380  However, the relative incidence of MCN as 
the etiology of nephrotic syndrome decreases with age in 
both children and adults. 9,380–382  Although it is not clear that 
adult-onset disease represents the same entity as that found 
in childhood, or that all patients with the clinical picture of 
MCNS have an identical disease, the clinical course and out-
come of pediatric and adult cases appear to be suf  ciently 
similar 380  to consider all cases together. 

 Minimal change disease can appear in the   rst year of 
life, but it is more common later, with a peak incidence at 
2 years of age. Most pediatric surveys report that it occurs 

cholesterol values are maintained. 201,251,359,360  Long-term 
bene  ts from this therapy have yet to be proved, although 
anecdotal experience suggests that it may help to reduce 
proteinuria and maintain GFR, 361  as observed in experimen-
tal animals (see section on Hyperlipidemia). 

 Other Medical Therapy 
 Anticoagulation has been employed as indicated in patients 
with intravascular thromboses. Some clinicians use small 
doses of aspirin in an effort to prevent repeated thrombo-
embolic episodes, 362  but there are no studies con  rming the 
ef  cacy of this approach. 

 Although hypocalcemia is common in relapses of ne-
phrotic syndrome, it is likely that most patients in relapse of 
brief duration do not require routine treatment with calcium 
or with vitamin D or one of its metabolites. 363  Supplementa-
tion with oral calcium (1 g per day) and 25-OH-vitamin D 
(25    g per day) maintains normal bone status in steroid-
dependent nephrotic patients. 336  Vitamin D treatment may 
be more routinely necessary in patients who are steroid-
resistant 364  (see section on Consequences of Loss of Other 
Proteins previously in this chapter). Similarly, patients who 
develop other de  ciencies secondary to renal losses, such as 
iron-de  ciency anemia, will require appropriate treatment. 

 Medical Treatment to Reduce Proteinuria 
 In patients who prove to be unresponsive to therapy direct-
ed at the underlying cause of proteinuria, efforts have been 
employed to decrease protein loss by employing drugs that 
appear to be directed against the physiology of glomerular 
proteinuria. The intent behind this treatment is to facilitate 
general medical management by decreasing proteinuria, 
increasing serum albumin, and thereby lessening edema 
formation. Thus, indomethacin is effective at ameliorating 
intractable nephrosis. 365  Because of the association of non-
steroidal agents with renal failure in some nephrotic patients 
as described in the section on Complications, more recently, 
clinicians have emphasized the use of ACE inhibition. 103,366  
Each of these treatments appears to reduce glomerular cap-
illary hydraulic pressure, by different mechanisms. ACE 
inhibitors act by decreasing postglomerular arteriolar resis-
tance, whereas nonsteroidal drugs enhance preglomerular 
capillary resistance. 367  Consistent with these mechanisms, 
Garini and colleagues 368  compared the effects of indometha-
cin, captopril, and the calcium-channel blocker, nifedipine, 
on the changes in renal hemodynamics and proteinuria 
 induced by a high-protein mean. The increases in GFR and 
 renal blood   ow were not blocked by captopril or nifedipine, 
but were blocked by indomethacin. The increase in protein 
excretion was blocked by indomethacin and captopril but 
not by nifedipine. 368  Indeed, dihydropyridine calcium chan-
nel blockers do not decrease proteinuria 369  and may even 
increase it. Therefore, the effects on hemodynamics were dif-
ferent and the effect on proteinuria could be distinguished 
from both systemic effects on blood pressure and effects on 
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gradually. It becomes detectable in the adult only when sev-
eral liters of   uid have accumulated; by the time medical 
 advice is sought, the patient typically has pitting edema 
 involving the sacrum and the lower extremities. When ana-
sarca is present, periorbital edema can be so severe that the 
eyelids are swollen shut, scrotal or vulval edema may be 
marked, and there may be signi  cant abdominal distension. 
Respiratory embarrassment may occur from accumulation 
of either pleural or ascitic   uid, although the infrequency 
of dyspnea or orthopnea in the setting of massive   uid re-
tention is striking. This re  ects the absence of increased 
pulmonary capillary wedge pressure needed to generate 
pulmonary edema. Headaches and irritability are common 
accompanying complaints of edema. The patient may note 
vague symptoms such as malaise, easy fatigability, irritability, 
and depression. Rarely, the development of cellulitis, perito-
nitis, or pneumonia may be the   rst indication of an under-
lying nephrotic syndrome. The pallor resulting from edema 
can be misinterpreted as indicating anemia. 

 On physical examination, dependent edema is the most 
prominent   nding. The retina has a characteristic “wet” 
 appearance. Subungual edema may reverse the usual color 
pattern on the   ngernails—the normally white lunulae may 
be pink and the rest of the nail bed white. Horizontal white 
lines that may be seen on both the   ngernails and the toe-
nails are referred to as  Muehrcke bands . Inguinal and umbili-
cal hernias may be present, especially if the patient has had 
severe ascites for a prolonged period. The elasticity of the 
cartilage in the ear appears to be decreased. 

 Blood pressure in patients with MCN usually is nor-
mal, but elevated systolic pressure was recorded in 21% and 
 elevated diastolic pressure in 14% of the children evaluated 
by the International Study of Kidney Disease in Children 
(ISKDC). 416  Hypertension is seen more commonly in adult 
patients with MCN. 417  

 Growth failure occasionally may be found in chil-
dren, most often in those who have had multiple relapses 
of MCNS. 418  Evidence for infection, especially peritonitis, 
 cellulitis, or pneumonia, should be sought as part of the 
physical examination. These infections may be associated 
with septicemia and shock. 

 In MCNS, the chest radiograph usually shows a small or 
normal-sized heart; pleural effusions may be present, as may 
pneumonic in  ltrates. The presence of an increased heart 
size and congestive changes in the hilar regions suggests that 
the nephrotic syndrome is secondary to glomerulonephritis. 

 Laboratory Findings 
 Urinalysis 
 Clinicians who   rst characterized the nephrotic syndrome 
noted that the urine often foams excessively when voided and 
that it coagulates when heated. These   ndings result from 
marked proteinuria, now indicated by a dipstick reading of 
3   . Other edema-forming, hypoalbuminemic states, such 
as malnutrition, milk protein sensitivity, and  protein-losing 

twice as often in boys as in girls, whereas it has an equal 
sex incidence in adults. 383  Although no precipitating cause 
may be apparent in many children, it is not unusual for the 
development of edema and proteinuria to be preceded by an 
upper respiratory tract infection, an allergic reaction to an 
insect sting or other immunogenic stimuli, or the use of cer-
tain drugs (Table 52.4). 383–398,400–407,409–411,415  In both adult 
and pediatric patients, malignancies, especially Hodgkin dis-
ease, have been associated with the development of MCNS 
(see section on Nephrotic Syndrome and Malignancies). 

Clinical Findings
 Edema formation may begin within a few days of the incit-
ing event. Facial edema usually is noted   rst, with few other 
indications of an ongoing disease process. This can be con-
fused with allergic symptoms, especially if associated with 
an upper respiratory tract infection. Edema  usually increases 

TA B L E

Factors Reported to Have Precipitated 
Minimal Change Nephropathy (MCN)

Gold384

Penicillamine385

Ampicillin386

Mercury-containing compounds387

Nonsteroidal anti-in  ammatory agents388–391

Trimethadione, paramethadione392

Atopy
Pollen393

Food allergy394,395

House dust396

Contact dermatitis (poison ivy and oak)397

Bee398 or wasp399 stings

Tumors
Lymphoma400,401

Others402

Infections
Various viral infections403

Schistosomiasis404

Ehrlichiosis405

Stimuli-associated with immune activation or 
in  ammation
Guillain-Barré syndrome406

Still disease407

Immunizations408,409

Dermatitis herpetiformis410

Epidermolysis bullosa411

Autoimmune thyroiditis412,413

Sclerosing cholangitis414

TA B L E

52.4
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of the shunt pathway for   ltration of macromolecules dis-
cussed earlier in this chapter. In analbuminemic rats with 
PAN nephrosis, fractional clearances of various macromol-
ecules are similar to those in normoalbuminemic rats. The 
absence of competition for albumin implied by this   nding 
suggests that the urinary loss of these proteins in nephrotic 
patients does not result from “overload” of tubular reabsorp-
tion by   ltered  albumin. 76  

 The urine sediment from nephrotic subjects often con-
tains oval fat bodies. Lipiduria is better diagnosed, however, 
using a microscope equipped with polarized light to dem-
onstrate doubly refractile fat bodies (“Maltese crosses”) in 
degenerative fatty vacuoles in the cytoplasm of desquamated 
renal epithelial cells or free in the urine as neutral fat drop-
lets. Frequently, urine with large amounts of protein also 
contains hyaline casts. 

 Other urinary   ndings vary with the cause of the disease. 
Up to one third of patients with MCN may have microscopic 
hematuria. Gross hematuria may be seen in patients with 
uncomplicated MCN but is extremely rare. 426  By contrast, 
it is more common in patients with prominent mesangial 
proliferation. Hematuria is more likely to be seen with FSGS 
than MCN. 427  In patients with nephrotic syndrome second-
ary to glomerulonephritis, the urine shows more abnormali-
ties, with cellular elements and granular, cellular, and mixed 
hyaline casts being present. However, patients with MCN 
cannot always be differentiated from those with glomerulo-
nephritis on the basis of urine sediment abnormalities alone. 

 Blood Studies 
 Hypoproteinemia is common to all nephrotic patients and 
is caused, primarily, by hypoalbuminemia. Total serum pro-
tein is characteristically reduced to between 4.5 and 5.5 g 
per deciliter; serum albumin concentrations usually fall to 
 below 2 g per deciliter, and, in children, may be less than 1 g 
per deciliter. 379  Although serum albumin concentrations are 
usually decreased, those of total globulins are remarkably 
well preserved in MCN despite massive proteinuria. Typical-
ly, serum     1 -globulin concentrations are normal or slightly 
decreased, whereas levels of serum     2 - and    - globulins are 
increased. Although the concentration of    -globulin deter-
mined by electrophoresis is normal or reduced, the levels of 
individual components vary. In MCN, 310,403  serum IgG levels 
average approximately 20% of normal, whereas IgA levels are 
less severely reduced; IgM and in some cases IgE levels are 
increased. The changes in serum IgG and IgA  concentrations 
are less pronounced in patients with nephrotic syndrome 
of other causes; IgM and IgE are typically normal in these 
subjects. 310,403  

 Hyperlipidemia is one of the   ndings that de  ne the 
nephrotic syndrome. Serum total cholesterol level is usually 
elevated, especially when the serum albumin level has fallen 
to 2 g per deciliter or less. 175  Values average 400 mg per 
deciliter, but levels in excess of 1,000 mg per deciliter have 
been recorded. Other changes in plasma lipids are summa-
rized in the section on Consequences of Proteinuria. 

 enteropathy, can mimic nephrotic syndrome but do not 
manifest signi  cant proteinuria. The amount of protein in 
the urine of nephrotic patients can range from less than 1 g to 
more than 25 g per day. The value for adult patients usually 
is between 3.5 and 16 g per day; that for children typically 
is lower than this amount, even when allowances are made 
for body size 419  and averages about 50 mg per kilogram of 
body weight per day. 420  Because urine protein is a function 
of plasma, and thus of   ltrate, protein concentration, 421  chil-
dren with MCNS, who may have serum albumin levels of 
1 g per deciliter or less, may occasionally have amounts of 
urinary protein as low as 100 to 200 mg per day. This   nding 
in patients with low plasma albumin concentrations also re-
  ects the removal of much of the protein from the glomerular 
  ltrate as it traverses the proximal convoluted tubule 422  (see 
previous section on Tubular Handling of Protein in Mecha-
nisms for Proteinuria). As a consequence of proteinuria, 
the urine speci  c gravity in nephrosis usually is high, often 
 exceeding 1.035. Exceptions include patients who are not in 
an edema-accumulating state (see section on Consequences 
of Proteinuria, earlier in this chapter) and the patient with 
nephrotic syndrome and renal failure or tubular dysfunction, 
in whom lower (but not isosthenuric) values of urine speci  c 
gravity are found. Physiologic responses of the kidney to the 
nephrotic state may cause further urine concentration. 

 The spectrum of excreted proteins depends on the renal 
disease responsible for the nephrotic syndrome. In primary 
nephrotic syndrome, most of the urine protein is  albumin; 
in other diseases, such as glomerulonephritis, both albumin 
and globulins are lost in increased amounts. This occurrence 
has led to determination of “protein selectivity”  being pro-
posed as a noninvasive method to separate MCNS from other 
causes of nephrotic syndrome. 423  By comparing clearance of 
albumin to that of larger molecules such as IgG or transfer-
rin, a curve can be generated, indicating whether the protein 
loss is  selective  and restricted to small molecules, or  nonselec-
tive , consisting of both large and small molecules. Patients 
with MCNS tend to show more selective proteinuria, whereas 
those with nephrotic syndrome from other causes have non-
selective proteinuria. Unfortunately, this generalization is 
limited by considerable overlap in results from patients in 
different diagnostic categories, so that the clinical determi-
nation of protein selectivity has limited value for individual 
patients. This limitation may re  ect factors other than molec-
ular size that also affect entry of proteins into the glomerular 
  ltrate, and differences in tubular function, which modify the 
reabsorption of   ltered protein. 424  A re  ned electrophoretic 
technique has been used to indicate protein selectivity and 
to predict outcomes. Patients with primarily albumin and 
transferrin in urine as determined by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) proved to 
be steroid sensitive, whereas patients who were steroid re-
sistant also excreted considerable amounts of IgG, lysozyme, 
and other larger molecules. 425  Some of these larger molecules 
could be  derived from  tubular cells,  re  ecting tubulointersti-
tial injury rather than  glomerular    ltration, or from  activation 
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 Measured concentrations of serum complement and its 
components are generally considered to be normal in MCN. 
Although urinary losses cause decreases in low–molecular-
weight complement components, serum concentrations of 
the components measured to detect activation of the comple-
ment cascade are unchanged. 432  Thus, reduced levels of the 
third component of complement (   -1-C globulin; C3) or C4 
indicate that a glomerulonephritis underlies the nephrotic 
syndrome; conversely, such changes do not occur invariably 
with glomerulonephritis. Circulating  immune complexes 
may be elevated in MCN or in FSGS. 433,434  Plasma renin 
activity may be increased in some patients who manifest 
physiologic changes consistent with decreased  intravascular 
volume. 

 Histopathology 
 Minimal Change Nephropathy 
 The morphologic classi  cation of nephrotic syndrome in 
childhood derives from classic papers by Churg and col-
leagues 435  and White and colleagues. 436  The term  mini-
mal change nephrotic syndrome  was used to describe the 
pathologic appearance on light microscopy of biopsies from 
 nephrotic patients in which there are no de  nitive changes 
from normal in glomeruli (Fig. 52.7). Here, we have chosen 
to use the term  minimal change nephropathy  because some 
adult patients have been reported with proteinuria but no 
nephrosis 9,10  and in order to describe a histologic entity in 
parallel to FSGS. The degree of change from normal histology 
that is considered signi  cant remains the subject of some 
controversy. The spectrum of these changes is classi  ed in 
Table 52.2 at the beginning of this chapter. Other terms that 
have been used to describe this general entity include  nil 
disease  and  steroid-sensitive nephrotic syndrome . Changes in 
the proximal tubule cells re  ect increased reabsorption of 
protein. Tubular cells may contain apparent vacuoles that are 
doubly refractile and are similar to the   ne lipid droplets seen 
in oval fat bodies in the urine. This pathologic abnormality 
generated the term  lipoid nephrosis , in which there is no tu-
bular atrophy and the renal interstitium is normal. Older 
patients may show some globally   brosed glomeruli with as-
sociated nephron loss. This   nding is rare in children and 
should not involve more than 5% to 10% of glomeruli, even 
in elderly patients. 3  Staining for glomerular polyanion with 
Alcian blue, colloidal iron, or ruthenium red may be reduced 
in the glomerular tufts. No immunoglobulin or complement 
deposition is observed by immuno  uorescence. Electron 
microscopy (Fig. 52.7) reveals only glomerular epithelial 
cell foot-process effacement (see next paragraph). 437  In some 
cases this   nding may be visualized by high-resolution light 
microscopy. 438  The diffuse effacement of the podocytes that 
often contain protein-reabsorptive droplets typically results 
in the appearance of an almost continuous layer of cyto-
plasm on the urinary side of the GBM. Epithelial cells may 
appear detached in segments, producing denuded areas of 
the GBM. The GBM itself, however, appears normal. There 

 Most often, serum electrolyte concentrations are within 
the normal range even when anasarca is present, indicating 
a proportionate retention of sodium and water. Factitiously 
low serum sodium concentrations ( 130 mEq per liter) 
may be measured with marked hyperlipidemia. This pseu-
dohyponatremia results from the nonaqueous, nonsodium-
containing component of the serum or plasma (lipid) being 
increased. It does not require treatment, because the sodium 
concentration in the aqueous phase of blood is normal, 
as is plasma osmolality. This artifact is not observed when 
sodium levels are determined by techniques that measure 
sodium activity with ion-speci  c electrodes or after sample 
ultracentrifugation. Low serum sodium may be an accurate 
  nding in the case of excess free water ingestion relative 
to dietary sodium intake, 428  compounded by potential ef-
fects of  elevated plasma vasopressin. 429  This problem may 
be  exacerbated by diuretic therapy. A decreased anion gap 
is associated with decreased total serum protein or albu-
min levels. This   nding is common to all hypoalbuminemic 
states and does not  directly re  ect either renal dysfunction 
or altered serum lipid levels. 430  Serum calcium may be low, 
mainly as a  result of the hypoalbuminemia. Normally, 40% 
of total serum  calcium is bound to protein. A decrease in 
serum albumin concentration of 1 g per deciliter results in 
a decrease in total serum calcium of 0.8 mg per deciliter. 
In contrast, 1 g of globulin binds only 0.16 mg of calcium. 
In some cases, the hypocalcemia may be out of proportion 
to the hypoalbuminemia and is caused by a reduction of 
 ionized calcium levels 431  by as much as 5% to 20%, possibly 
because of urinary loss of 25-OH-D (see section on Conse-
quences of Proteinuria). Acute symptoms of hypocalcemia 
rarely occur. Total and ionized calcium levels return to nor-
mal with remission.  Serum phosphorus is normal unless the 
nephrotic syndrome is associated with renal insuf  ciency. 

 Blood urea nitrogen (BUN) and serum creatinine val-
ues are usually close to normal in MCN, but may be mildly 
elevated if decreased intravascular volume from nephrosis 
causes prerenal azotemia. The BUN may be elevated because 
of either increased intrarenal urea circulation or increased 
protein catabolism if the patient has received steroids. The 
GFR measured by inulin clearance is reduced to an aver-
age of 80% of normal 157 ; occasionally, values are reduced to 
20% to 30% of normal. This may represent decreased renal 
perfusion secondary to hypovolemia. Reduced GFR at the 
onset of MCN is reversible and does not imply an unfavor-
able outcome. 110  The presence or absence of azotemia there-
fore cannot be used as a reliable indicator in the differential 
diagnosis of the nephrotic syndrome. 

 Hemoglobin levels and hematocrit values may be nor-
mal or even increased if there is hemoconcentration second-
ary to a loss of   uid into the peripheral tissues. This factor 
may help to differentiate azotemic patients with MCN from 
those who have severe renal insuf  ciency from parenchymal 
disease, in whom anemia is more typical. However, as  noted 
previously, iron de  ciency may cause nephrotic patients 
with normal renal function to become anemic. 
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between the processes of adjacent cells (where protein   ltra-
tion presumably occurs). Foot-process effacement is associ-
ated with a mild reduction in GFR, which is caused mainly 
by a reduction in the ultra  ltration coef  cient K f  (see section 
on Physiologic and Anatomic Factors Affecting GFR in Con-
sequences of Proteinuria, earlier in this chapter). 

 Podocyte effacement is accompanied by striking mor-
phologic changes in the cytoskeleton. The continuous  layer 
of podocyte cytoplasm that overlies the GBM shows an 
increase in micro  laments and the appearance of a dense 
cytoskeletal band located within the basal portion of the 
podocyte, adjacent to the GBM. The cytoskeletal band has 
regions of high density at regular intervals. En face views 
demonstrate that the   laments are distributed radially from 
these central densities, suggesting that they may function to 
distribute mechanical strain and thereby prevent glomeru-
lar capillary expansion. 442  Endlich et al. 443  exposed cultured 
podocytes to biaxial cyclic stress in order to model stress 
that might be experienced by podocytes in glomerulomeg-
aly. Transverse stress   bers disappeared and were replaced 
by radial stress   bers connected to a single actin-rich cen-
ter. The stress   bers were composed of myosin II,    -actinin, 
and synaptopodin. These   ndings differ in important ways 
from podocytes in vivo, where the actin-rich center is absent 
and actin is con  ned to the foot processes. Nevertheless, the 
 results do suggest that podocyte response to stress consis-
tently involves formation of radial cytoskeletal structures. 

 It appears likely that podocyte foot-process effacement 
arises by different mechanisms in different settings. Cer-
tain podocyte injury models (protamine infusion, reactive 
oxygen species infusion, PAN administration) are associated 
with a redistribution of    -dystroglycan from the basal sur-
face of the podocyte, a process that occurs within as little 
as 15 minutes. 444  MCN but not FSGS is associated with 
loss of podocyte dystroglycan expression. 445  Kojima and 
 Kerjaschki 446  have suggested that polycations compete with 
GBM laminin for binding to its receptor, dystroglycan; free 
dystroglycan is then internalized into podocyte endosomes. 
This process is dependent upon cellular ATP and participa-
tion of the actin cytoskeleton. 

 Related but distinct mechanisms may explain foot 
process effacement in FSGS, in particular, adaptive FSGS 
(see further, the section on Histopathology of FSGS, later 
in this chapter). Shirato 441  and Kriz et al. 447  have proposed 
that the podocyte supports the essential but contradictory 
functions of structural stability and leakiness (hydraulic 
conductivity). Cytoskeletal hypertrophy represents cellular 
adaptation to increased stress. The source of stress might be 
glomerular enlargement, increased glomerular P GC  (associ-
ated with the overload state), or increased GBM distensibil-
ity (due to GBM damage). Johnson 450  has pointed out that 
the transmembrane oncotic pressure gradient in  uences 
the net   ltration pressure (P UF ) and thereby might also con-
tribute to net  hydraulic stress. P UF  is the difference between 
transmembrane hydraulic pressure and the transmembrane 
oncotic pressure gradient. In the setting of nephrotic-range 

are no electron-dense deposits adjacent to the GBM. 439  His-
torically, 65% to 85% of children with primary nephrotic 
syndrome have this lesion, 440  compared to a prevalence of 
about 30% of primary nephrotic syndrome and 15% of all 
nephrosis in adults. 9  

 Podocyte Foot Process Effacement 
 Podocyte foot process effacement is due to retraction, wid-
ening, and shortening of foot processes and is not due to 
fusion. 441  With complete effacement, the GBM is covered by 
thin, sheetlike processes of podocyte cytoplasm, with gaps 

B

A C

FIGURE 52.7 Findings on renal biopsies from three children 
with the clinical features of minimal change nephropathy. A: 
Light microscopy of a patient with MCN. Portions of two glom-
eruli are shown. Cellularity is normal and the capillary loops are 
patent. Tubular and interstitial structures are normal in appear-
ance. (Magni  cation for all light microscopy  350.) B: Electron 
microscopy from the same patient. The endothelial cells (En) lin-
ing the capillary loop show a normal fenestrated structure; the 
glomerular basement membrane (GBM) is uniform in thickness 
and structure. The epithelial cell (Ep) layer shows characteristic 
fusion of the epithelial foot processes, with the podocytes being 
in continuous contact with the GBM. Proteinaceous material and 
a nucleated cell are present in the capillary lumen (CAP). C: Light 
microscopy in a patient with mesangial hypercellularity. The 
tubular and glomerular capillary structures are normal, but an 
increased number of nuclei are present in the mesangial areas 
of the glomeruli. Immuno  uorescent microscopy was negative 
for immunoglobulins and C3. The patient behaved clinically as 
one with MCNS. (Histology courtesy of Dr. John M. Kissane.)
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one of frequent relapses or the development of resistance to 
treatment. 

 Mesangial Proliferation. Some patients with otherwise 
typical MCN have increased numbers of mesangial cells in 
the glomeruli. One study that correlated glomerular mor-
phometry with the patient’s clinical course found increased 
numbers of mesangial nuclei and smaller nuclear sizes in 
patients who had frequent relapses. The authors proposed 
that this indicated mesangial cell activation. They cautioned, 
however, that disease duration could play a role in the de-
velopment of this   nding, because the frequently relapsing 
patients had a 4-year course compared to 1.4 years in the 
population with infrequent relapses. 455  Mesangial hyper-
cellularity may be associated with a decreased response to 
steroid therapy, 143,456,457  frequent relapse, 456  steroid depen-
dency, 458  or a poorer prognosis. 458–460  The ISKDC found that 
approximately 2.5% of children with nephrotic syndrome 
had mesangial hypercellularity. 461  

 Mechanisms of mesangial proliferation. Based on the   nd-
ing of identical immunohistochemistry in patients with or 
without mesangial proliferation, it has been argued that 
mesangial IgM deposition does not appear to play a role 
in the induction of the mesangial cell response. 457  Intrinsic 
kidney cells and cells migrating into the kidney as part of 
the in  ammatory response release factors that regulate me-
sangial cell proliferation. Mesangial cells produce platelet-
derived growth factor (PDGF), a stimulant of mesangial and 
endothelial cell growth and wound healing. 462–464  Prostacy-
clin and thromboxane, produced by a variety of cells, are 
stimulatory cofactors for mesangial cell proliferation. 465  In 
addition, two autocrine growth mechanisms have been de-
  ned. The   rst involves interleukin (IL)-1. Mesangial cells 
in culture secrete a mesangial cell growth factor with char-
acteristics identical to those of IL-1. 466  Indeed, these cells 
express messenger RNA (mRNA) for IL-1 in vivo. 467  The sec-
ond autocrine system involves IL-6. Mesangial cell–derived 
IL-6 stimulates mesangial cell growth in vitro. 468  Moreover, 
mice transgenic for the human IL-6 gene show marked me-
sangial proliferation. 469  In human disease, urinary excretion 
of IL-6 and mesangial staining of biopsy material for IL-6 
were associated with mesangial proliferation by some, 470  but 
not all 471  authors. Because mesangial proliferative changes 
are associated with steroid resistance, it is noteworthy that 
IL-6–induced cell activation is not inhibited by steroids. 472  
Finally, negative regulation of mesangial cell growth may be 
provided by the GBM itself, because the proliferation of me-
sangial cells is decreased by heparin sulfate. 473  

 Tip Lesion. A group of patients has been described as 
having steroid-responsive nephrotic syndrome with inter-
capillary foam cells adherent to the Bowman capsule in a 
tuft near the tubular origin (the glomerular tip lesion). 
Although this adhesion is irreversible, the patients appear 
to have a good prognosis closer to that of MCN than that of 

proteinuria, plasma albumin is reduced, which reduces the 
transmembrane  oncotic pressure gradient across the capil-
lary wall and thereby increases P UF . In the face of mechanical 
or hydraulic stress, the capillary wall has three defenses: the 
 mesangial cell, the podocyte, and the GBM. The mesangial 
cell may undergo proliferation and hypertrophy. Little is 
known about how the GBM responds to stress. The podocyte 
cannot proliferate and adapts by elaborating a more complex 
cytoskeleton to defend the structural integrity of the capillary 
wall. This occurs, however, at the cost of a  reduction in total 
slit diaphragm width, podocyte  effacement, and  reduced K f . 

 An alternative consideration in FSGS is how a loss of 
speci  c podocyte structural proteins impairs  cytoskeletal in-
tegrity, initiating foot-process effacement. This issue was dis-
cussed in the section on Molecular Mechanisms of  Podocyte 
Effacement earlier in this chapter. 

 Variations in Histopathology 
 Immunoglobulin Deposition. Some patients with all the 
clinical features of MCN may have minor morphologic dif-
ferences from those already described. A common variation 
is the presence of IgM in the glomerular mesangium. An 
early report 448  suggested that this variant represents a sepa-
rate entity, which was termed mesangial IgM nephropathy. 
All of the patients, whose ages ranged from 1.5 to 59 years, 
showed a slight increase in the mesangial matrix, and in 
 addition to the IgM deposits, some had C3 and rare IgA 
 deposition. Dense mesangial deposits were noted by elec-
tron microscopy in 9 of the 12 subjects. Subsequent obser-
vations did not support this as being a separate entity. In one 
study, 40% of 149 consecutive patients with the clinical pic-
ture of primary nephrotic syndrome were found on biopsy 
to have mesangial IgM deposits. Of these, 20 had mostly or 
entirely IgM without complement. They could not be differ-
entiated clinically from other MCN patients. 449  Because the 
presence of a mesangial IgM deposit in patients with clinical 
MCN does not appear to affect either the patient’s response 
to treatment or the disease outcome, 450  it is now believed 
that this   nding has little signi  cance. 

 Mesangial IgM deposits in apparent MCN may, in some 
cases, be associated with immune complexes. 451  Because de-
posits are often found in patients who undergo biopsy af-
ter receiving a trial of corticosteroid therapy, it is of interest 
that experimental models of immune complex metabolism 
suggest that steroid administration may prolong the sys-
temic half-life of larger complexes and increase and sustain 
their appearance in the mesangium. 452  The presence in the 
glomeruli of immunoglobulins in addition to IgM usually 
indicates a diagnosis of a disease other than MCN. 453  One 
group of patients with a clinical diagnosis of MCN showed 
some glomerular proliferation associated with immunoglob-
ulin deposits, primarily IgG, in the glomeruli. This lesion 
was more often observed in African American children, 125  
whereas a racial predilection may not be present in adults. 454  
Although the patients described in this report responded to 
treatment with steroids initially, their subsequent course was 
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and a high prevalence of allergic symptoms has been ob-
served in nephrotic patients. Highly allergic patients who 
had a pathologic diagnosis of MCN based on renal biopsy 
experienced a decrease in urinary protein excretion when 
placed on an elemental diet and did not require treatment 
with corticosteroids. Challenge with milk led to a decrease 
in serum C3 and increased protein excretion, strongly sug-
gesting that hypersensitivity was causally linked to protein-
uria. 395  A human basophil degranulation test was positive in 
16 of 28 adults with MCN and 14 of 18 adults with FSGS; 
in contrast, only 5 of 29 patients with glomerulonephritis 
and 1 of 11 healthy donors showed a positive response. 490  
In addition, atopy and MCN were associated with increased 
frequency of expression of human leukocyte antigen (HLA)-
B12 and -DRw7. 490–492  

 Although values ranged widely, mean serum IgE levels 
were signi  cantly elevated in patients with MCN compared 
to those with other renal problems 493 ; elevated levels also 
are associated with frequent relapse in children. 494  In one 
study, the majority of adult MCN patients had serum IgE 
levels more than two standard deviations above the normal 
mean; of these, more than 70% had associated allergic symp-
toms. 495  Other investigators have made similar observations, 
but sought to draw a distinction between primary allergic 
disease and the elevated IgE levels found in nephrotic syn-
drome. They suggest that because IgE deposition in the 
glomerulus is rare, 496  elevated serum IgE levels could rep-
resent not the causal factor in MCN but rather evidence of 
more generalized derangement in the immune system. 497  A 
  nding that increased serum IgE may persist even with re-
mission supports this concept. If this view is correct, it could 
explain why attempts to treat MCN in atopic patients with 
inhaled disodium cromoglycate 498  or an orally administered 
analog 489  were unsuccessful. 

 These apparently con  icting observations may be re-
solved by the study of speci  c antigens. Therefore, a major-
ity of adult nephrotic patients studied by Meadow et al.,  489  
Lagrue and Laurent,  499  and Laurent et al.  500  had  detectable 
elevations of speci  c IgE titers, with the most common sensi-
tizing agent being house dust or dust mites. After remission, 
which was induced by the institution of speci  c desensitiza-
tion and sodium cromolyn, several of these  patients had a 
relapse on reexposure to the allergen. 489,499,500  

 Immunogenetics. There may be a familial incidence of 
MCN. A survey from Europe, which excluded patients with 
the congenital nephrotic syndrome, 501  found that 63 of 1,877 
nephrotic children had affected family members. This preva-
lence of 3.35% was higher than that predicted from the fre-
quency with which MCN occurs in the general population. 
Siblings were most often affected. The similarity of patho-
logic   ndings and the clinical course for affected members 
within a family was striking, 502  although in at least one re-
port, siblings showed differences in these features. 503  Familial 
nephrotic syndrome in children has been divided into two 
broad categories: (1) patients with an infantile onset and a 

steroid-resistant nephrotic syndrome. 10,474  Tip lesion is con-
sidered more extensively in the section on Selected Clinical 
Variants of FSGS. 

 Disease Processes and Other Findings 
Associated with MCN 
 Several clinical   ndings have been associated with MCN, 
including speci  c malignancies, atopy, various human leu-
kocyte antigen (HLA) haplotypes, and abnormalities in 
immune function. These associations, which could eluci-
date issues of both causality and treatment, will be con-
sidered here. 

 Malignancy. Several glomerulopathies, notably membra-
nous glomerulopathy, have been associated with neoplasia. 
A signi  cant number of patients with cancer-related ne-
phrotic syndrome, however, have MCN. The relationship 
between MCN and lymphomatous disorders, particularly 
Hodgkin disease, is especially striking. 402  In a survey of the 
literature, 33 of 134 patients with cancer-related nephrotic 
syndrome had MCN, as determined by biopsy. 401  Of the pa-
tients with MCN, 26 had Hodgkin disease and an additional 
two had non-Hodgkin lymphoma. In another  review, 400  
36 of 44  patients who had Hodgkin disease and the ne-
phrotic syndrome had MCN and only 2 had membranous 
glomerulonephritis. There was a much higher  incidence of 
nephritic diseases in patients with other types of neopla-
sia. Nonlymphomatous tumors that have been associated 
rarely with MCN include renal oncocytomas, 475   embryonic 
cell tumors, 401  pancreatic carcinoma, 476  nephroblasto-
ma, 477  Waldenström macroglobulinemia, 478  bronchogenic 
 carcinoma, 479  and cecal  adenocarcinoma. 480  

 Evidence suggests that in these cases the tumor may 
be directly involved in the pathogenesis of the MCN. MCN 
can be the initial presenting sign of a lymphomatous disor-
der 481  and may precede clinical evidence of lymphoma by 
several years. 482  With appropriate and successful antineo-
plastic therapy, either medical or surgical, the proteinuria in 
tumor-related MCN resolves, renal function remains normal, 
and the nephrotic syndrome remits. 401,475,479,482  The rela-
tionship between relapse of the tumor and of the nephrotic 
 syndrome 483,484  also strongly suggests an etiologic role for 
the tumor in the pathogenesis of MCN in these patients. 
These observations indicate the importance of considering 
a malignancy as an underlying cause in any adult 483–486  and, 
rarely, in pediatric 487  patients who present with apparent 
primary nephrotic syndrome. If Hodgkin lymphoma is the 
cause, it is essential to treat the neoplasm rather than the 
renal disease. 

 Atopy and Minimal Change Nephropathy. A relation-
ship between allergy and MCN has long been suspected. 
Anecdotal reports suggest that exposure to allergens may 
precipitate the nephrotic syndrome 393,394,487,488 ; rhinorrhea 
and allergic skin reactivity frequently precede relapses, 489  
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episodes may follow upper respiratory tract  infections, bee 
stings, or diseases linked with abnormal  immune responses. 
The relationship of immunogenic events to the onset of 
disease and the   nding of disordered immune responses 
in these patients led Shalhoub 526  to propose a unifying 
hypothesis relating MCN to the immune system. He cited 
four points: (1) evidence for abnormal humoral immune 
 responsiveness; (2) marked sensitivity of the disease process 
to treatment with corticosteroids or immunosuppressive 
agents; (3)  remission of MCN upon infection with measles, 
an inhibitor of cell-mediated immunity; and (4) the associa-
tion of MCN with Hodgkin disease. In view of the lack of 
signi  cant morphologic evidence of renal damage, Shalhoub 
suggested that MCN represents the renal manifestation of a 
systemic immunologic abnormality, perhaps a  T-lymphocyte 
disorder, rather than a primary renal parenchymal disorder. 
Although subsequent investigation has not yet demonstrated 
a causal immunologic event,  numerous  abnormalities in 
both humoral and cellular immune responses 527  have been 
noted in nephrotic patients (Table 52.5). 528,529,549  These may, 
in time, provide a pathogenic mechanism. 

 Immunoglobulin synthesis. Clinical and in vitro assays show 
impaired immunoglobulin synthesis in MCN. Serum IgG 
levels are decreased signi  cantly in children with MCNS, 
whereas IgM levels are markedly increased. 310,532–534  These 
values return toward normal with remission, although the 
IgM levels may remain elevated. Not all studies have found 
an equal tendency toward normalization with remission, 
nor is this abnormality con  ned to MCN in all cases. 575,576  
 Although nephrotic proteinuria may be associated with uri-
nary loss of IgG, 577  such losses are insuf  cient to explain the 
very low serum IgG levels often found in MCN. 531  This pat-
tern of increased IgM and decreased IgG levels in the serum 
also is associated with some other immune-de  cient states, 
most notably X-linked immunode  ciency disease. 531  

 Depression of speci  c antibody titers, such as those to 
the common streptococcal antigens endostreptosin, strep-
tolysin O, and streptozyme, was observed in children and 
adults with idiopathic nephrotic syndrome. 535  Levels were 
low during active disease, remained low for up to 20 years 
afterward, and were not changed by steroid therapy. Pa-
tients who were nephrotic from chronic glomerulonephritis, 
systemic lupus erythematosus, membranous nephropathy, 
diabetes mellitus, or amyloidosis did not have depressed ti-
ters. These data suggest a chronic, speci  c impairment of 
response in patients with MCN. An inability to generate 311  
or to maintain 536  speci  c titers against pneumococcal poly-
saccharide has been described in MCN, but not all studies 
con  rmed this observation. 578  Thus, depression of speci  c 
antibody titers may be restricted to certain patients or certain 
antigens. 

 Several groups evaluated the in vitro secretion of im-
munoglobulins by lymphocytes activated with lectins. 
Consistent with the decrease in serum IgG levels, pokeweed 
mitogen-stimulated synthesis of IgG by patient lymphocytes 

poor  prognosis regardless of renal morphology and (2) pa-
tients with a juvenile onset and a generally good response 
to conventional therapy, provided MCN is found by renal 
biopsy. 

 An indication of a possible genetic predisposition for the 
development of MCN is the reported association of MCN, 
and in some cases atopy, 492,504  with certain histocompatibil-
ity-complex antigens. The most commonly cited are HLA-
B8 492,504–506  and -DRw7. 507,508  Not all studies have con  rmed 
these associations. Indeed, a variety of HLA antigens have 
been associated with MCN 491,492,505–515  and negative associa-
tions have been reported, too. HLA-B8 was found frequently 
in families with more than one member having childhood ne-
phrosis. 516  In one study, the combined occurrence of B8 with 
DR3 and DR7 produced a relative risk of 21.5. 514  In another 
study, DR7 was linked to steroid-sensitive disease and DR3 to 
steroid-resistant disease. 510  In French and German patients, 
speci  c DQB1 alleles have been associated with MCNS, most 
strongly in steroid-dependent or frequently relapsing pa-
tients. 517  German studies also suggested that patients with 
HLA-DR7/-DR3 together are less steroid sensitive, 518  and 
those with HLA-DR7 are less likely to respond permanently 
to alkylating agent treatment of frequent relapse. 519  

 MCN was associated with HLA-DQB1*0601, -DRB1*01, 
and -DRB1*07011 in Egyptian children 509,520  and -DQA*0201 
in German children. 511  Studies from Japan linked steroid-
sensitive MCN in adult patients to HLA-DRw8 and -DQw3 512  
and to speci  c DQB1 alleles. 521,522  Different results obtained 
in Singaporean 523  or Bengali 524  children are likely due in part 
to racial or geographic differences. The observation that two 
extended HLA haplotypes (HLA-A1, -B8, -DR3, -DRw52, 
SCO1; and HLA-B44, -DR7, -DRw53, and FC31) occurred 
with higher than expected frequency in children with steroid-
sensitive, frequently relapsing MCN provided strong evidence 
for an immunogenetic predisposition to the disease. 513  

 The association between HLA type and MCN has been 
made primarily in children, with some studies being unable 
to make similar correlations in adult patients. This   nding 
suggests that MCN in adult and pediatric patients could 
represent different diseases that share common pathologic 
and clinical features. For example, HLA-DR7, which has 
been linked to MCN, was observed in only 18% of adult 
European MCN patients, a frequency not different from that 
of control subjects. If the data were analyzed according to 
age at onset of the nephrotic syndrome, 45% of patients in 
whom onset was before the age of 15 years were HLA-DR7, 
whereas the equivalent incidence in adult-onset patients was 
only 7%. 525  It remains unclear whether these associations 
represent linkage disequilibrium with another gene or  re  ect 
potential underlying immune in  uences on the develop-
ment and response of MCN. 

 Disordered Immunity in Minimal Change Nephropathy. 
It has long been recognized that immunogenic stimuli may 
precipitate the presentation or relapse of MCN. In addition 
to the frequent association with atopy (discussed  previously), 
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Immunologic Abnormalities in 
Minimal Change Nephropathy

Defective opsonization
Decreased factor B314,315

Decreased factor D316

Decreased neutrophil chemiluminescence315

Abnormal reticuloendothelial function528

Circulating immune complexes433, 434, 529, 530

Abnormal immunoglobulin production
Altered serum immunoglobulin 

concentrations310,531–534

Decreased speci  c antibody reactivity311,535,536

Decreased synthesis stimulated in vitro537,538

Increased spontaneous in vitro synthesis531,537

Alterations in cell-surface markers538–542

Altered cellular immunity
Cytotoxicity to renal tubular epithelium543

Proliferation in response to glomerular basement 
membrane544

Decreased delayed-type hypersensitivity545–547

Decreased experimental local graft-versus-host 
disease548

Decreased induced lymphocyte blast 
transformation549,550

Increased inducible suppressor cell activity551

Humoral immune abnormalities
Serum toxicity to lymphocytes552

Inhibition of rosette formation by serum528,553,554

Altered antibody-dependent cellular cytotoxicity555

Increased interleukin (IL) production556

Decreased IL production557,558

Suppressor lymphokines559–561

Monocyte migration inhibitory factor544,562

Vascular permeability factor563,564

Soluble immune-response suppressor565,566

Tumor necrosis factor567

Lymphocyte activation
Increased secretion of  2-microglobulin568

Soluble IL-2 receptor production569–572

Increased production of IL-2, IL-4, and IFN- 573; 
and IL-13574

IFN, interferon.

TA B L E
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was decreased in MCN patients during the active stage of 
disease, returning toward normal with remission. 531,533,538

Unstimulated secretion of immunoglobulin may be in-
creased, 531,537  suggesting spontaneous activation of lym-
phocytes in MCN. Studies of IgA and IgM synthesis by 
 lymphocytes obtained from patients with nephrotic syn-
drome of other causes produced more variable results. 579

Decreased immunoglobulin production in vitro or in vivo 
could result from either abnormalities of lymphocytes or 
the presence of inhibitory agents systemically or on the cell 
 surface. Evidence suggests that both mechanisms may be 
present in MCN. 

 Studies of lymphocyte surface marker expression. These 
studies were employed to determine whether the immuno-
globulin abnormalities in MCN re  ect some form of immune 
cell dysfunction. Cells in  ltrating the renal interstitium are 
predominantly T lymphocytes. 580  The ratio of helper cells to 
suppressor cells in the glomerulus can be similar to that found 
in lymphocytes in the peripheral circulation 580  but may vary 
from one patient to another. 581  Immunostaining detects higher 
numbers of CD3-positive glomerular and interstitial T cells, 
but fewer FoxP3-positive cells, in biopsies from nephrotic pa-
tients than from controls. In contrast, there was no difference 
in CD4-positive or CD8-positive cells. Interstitial, CD68-
positive macrophages were also higher in nephrotic patient 
biopsies. 582  Circulating lymphocyte subsets in MCN were 
initially reported to show no signi  cant alterations in helper–
suppressor cell ratios. 583  Studies of B-cell and T-cell subpopu-
lations also produced con  icting data, regardless of whether 
patients with MCN or FSGS were studied. 538,540,542,584,585  A 
potential increase in the number of cells coexpressing B-cell 
and T-cell surface markers has been reported, comparable to 
  ndings in X-linked immunode  ciency. 541  However, in most 
studies of lymphocyte subpopulations in primary nephrotic 
syndrome, there are few signi  cant changes. The meaning of 
the differences that were found remains to be determined. In 
general, studies showing alterations in lymphocyte subpopu-
lations may be useful in suggesting the possible presence of 
immune derangement, but inferences of a potential role for 
these changes in disease pathogenesis should be made with 
caution unless corroborated by accompanying functional 
analysis. Some progress in this direction is provided by reports 
of two-color   ow cytometry indicating that the counts for cir-
culating activated total T cells and suppressor or suppressor/
inducer T cells are increased, whereas those for activated 
helper T cells are decreased, during relapse. 539,586  Another 
study found that populations of activated suppressor-inducer 
cells and suppressor-effector cells are increased in patients 
whose nephrosis was sensitive to steroid treatment, accom-
panied by decreased memory T cells and decreased lympho-
cyte proliferation in response to tetanus toxoid. Lymphocytes 
of steroid-resistant patients also had increased suppressor-
inducer cells, but decreased suppressor-effector cells and in-
creased memory T cells, with increased responses to tetanus 
toxoid. 587  
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example, the suppressive activity in plasma from nephrotic 
children segregates in the lipid-rich fraction. 593  It could thus 
be derived from constituents of LDLs and VLDLs that are 
present in  increased concentrations in nephrotic plasma and 
suppress in vitro cellular immune responses. 594,595  How-
ever, this   nding also is consistent with the migration of 
an  immunosuppressive agent with the lipid-rich fraction. 
Alternatively, oxidized LDL could itself affect lymphocyte 
function. In either case, it is noteworthy that a patient with 
refractory nephrotic syndrome entered remission after LDL 
apheresis. 596  

 Several studies that partially characterized the sup-
pressive activity suggested the production of a suppressor 
lymphokine. A heat-stable substance, present in the serum 
of nephrotic patients, inhibits lymphocyte proliferation. 
It binds to lymphocytes in the assay system and is not re-
moved by washing. 560  One study found a heat-stable inhibi-
tory substance in the plasma of 51 (76%) of 67 children 
with MCN and 6 of 9 children with FSGS. 559  Only 1 sample 
from 7 patients with membranous glomerulonephritis or 
31 healthy adults and children showed similar activity. The 
factor was toxic to normal lymphocytes and was between 
100 and 300 kDa. The presence of tumor necrosis factor, 567  
IL-4, 574,597  and IL-13 576  in the serum of some patients may 
be related to suppressive activity. 

 Urine and serum samples from children and adults with 
steroid-sensitive nephrotic syndrome, but not other causes 
for proteinuria, contain the lymphokine soluble immune 
response suppressor (SIRS). 565  This factor, which inhibits 
antibody production 598  and delayed-type hypersensitivity 
responses, 599  is secreted by patient lymphocytes without a 
requirement for exogenous stimulating agents. SIRS pro-
duction thus could account for the suppression of immune 
responses seen in nephrotic patients. Suppressive activity 
disappears from the urine after the initiation of cortico-
steroid therapy but before urinary protein loss decreases 
signi  cantly. Patient serum activates normal lymphocytes to 
produce SIRS by a steroid-sensitive process, 566  and a regu-
latory mechanism has been proposed by which CD4    T 
lymphocytes from patients in relapse secrete a protein that 
activates CD8    T cells to produce SIRS. 600  Although the 
parallel  between the sensitivity of SIRS production to ste-
roids and steroid responsiveness of nephrotic proteinuria in 
patients who produce SIRS is striking, there is no evidence 
to indicate that SIRS itself causes nephrotic proteinuria. 
It is, however, a clear marker for steroid-sensitive mecha-
nisms of proteinuria. The means by which SIRS acts on im-
mune  responses are not known. Although this issue remains 
 intriguing, little recent progress has been made in this area. 

 Circulating immune complexes. A variety of glomerular dis-
eases have been associated with soluble circulating immune 
complexes. The circulating complexes re  ect immunoglobu-
lins found in the kidney; patients with MCN had little or no 
IgG or IgA complexes but did have marked variation with 
regard to circulating IgM complexes. 601  Although  circulating 

 Cellular immunity. In studies of delayed-type hypersen-
sitivity to common antigens, MCN patients in relapse 
had decreased skin reactivity to puri  ed protein deriva-
tive of tuberculin (PPD),  Candida , live varicella vaccine, 
streptokinase–streptodornase, and topical dinitrochloro-
benzene. 545–547  Reactivity returns when the patient enters 
remission. 545  In addition, the lymphocytes of patients with 
MCN manifest decreased local graft-versus-host activity 
when injected into rats, a   nding that can be normalized 
by preincubation of the cells with a thymic factor. 588  These 
observations may not be  restricted to MCN. 585  

 In vitro studies also showed abnormal cellular re-
sponses in nephrotic patients. Lymphocytes from MCN 
patients, but not from normal control subjects or patients 
who were nephrotic secondary to proliferative glomeru-
lonephritis, were toxic to cultured renal tubular epithelial 
cells. 543   Lymphocytes from some patients also proliferated 
on exposure to GBM. 544  It is not clear from these reports 
whether the   ndings represent a primary process or the re-
sult of immunologic sensitization after renal abnormality. 
Blast transformation of patient lymphocytes was decreased 
in the presence of control or nephrotic serum, 550  returning 
to normal after entry of the patient into remission. 547  Other 
results showed that MCN is associated with increased con-
canavalin A–activated suppressor cell activity. This   nding 
demonstrates at least the potential for exaggerated suppres-
sor lymphocyte responses and is not consistently found in 
other renal diseases. 551,589  

 Evidence for abnormal lymphokine activity. Serum from 
adult nephrotic patients inhibits leukocyte migration in the 
presence of renal antigens 562  and serum monocyte migra-
tion inhibitory factor activity present during relapse of MCN 
disappears with remission of the disease. 543  Furthermore, 
serum from most patients with MCN as well as some with 
diffuse proliferative glomerulonephritis is lymphocytotoxic, 
whereas serum from patients with acute tubular necrosis 
or urologic disease is not. 552  These   ndings suggest that 
an  immune inhibitory agent, or a series of such agents, is 
present in the circulation of patients with primary nephrotic 
 syndrome. Sera from nephrotic patients may inhibit the abil-
ity of cells to form rosettes, 553,554  although this is not speci  c 
for MCN, and patient sera do not support in vitro antibody-
dependent cell-mediated cytotoxicity (ADCC) assays. 555  
Decreased splenic uptake of radiolabeled complexes was 
correlated with de  cient Fc receptor function in nephrotic 
patients and could be due to the presence of an inhibitory 
protein that attaches to cell surfaces. 528  Finally, multiple 
studies demonstrate a suppressive effect of patient sera on 
blastogenesis by normal lymphocytes. 561,590–592  The speci  c-
ity of this phenomenon for MCN varies from one study to 
another. Efforts to attribute suppressive activity in nephrotic 
sera to a lymphokine should attempt to exclude the pos-
sibility that the observed effects are caused by nonspeci  c 
toxicity to immune responses, resulting from the biochemi-
cal abnormalities that occur in nephrotic syndrome. For 
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Consistent with this  hypothesis are the recent data indicat-
ing that rituximab, which targets B lymphocytes, rather than 
the T cells implicated by Shalhoub, is effective in MCN (see 
section on  Treatment of MCN). 

 Relationship of the immunologic abnormalities to disease 
pathogenesis. Despite all of these studies, Shalhoub’s hypoth-
esis has not yet been proved. There is strong support, however, 
for the concept that cellular immunity may be a mediator of 
proteinuria. Monocytes or macrophages are  important in the 
pathogenesis of some forms of glomerulonephritis 610  and in 
the genesis of proteinuria. 611,612  CD34-positive immature lym-
phocytes from patients with MCN induce proteinuria upon 
their injection into non-obese diadbetic/severe combined 
immunode  ciency (NOD/SCID)-immunode  cient mice. 613  
These studies imply a role for mononuclear cells but do not 
explain how they may act. One possibility is through release 
of the lymphokine, vascular permeability factor (VPF), which 
is produced by activated lymphocytes from some nephrotic 
patients and which, when injected intradermally, causes in-
creased permeability of vessels to macromolecules. 563  This 
protein, usually referred to by its function as an endothelial 
cell stimulant called vascular endothelial cell growth factor 
(VEGF), 564  was detected in supernatants of unstimulated cul-
tures of patients’ cells but not those of normal controls. 614  A 
VEGF-like serine protease in patient serum decreased staining 
for polyanion when used to treat histologic sections of nor-
mal glomerular tissue. 615  However, the effect of VEGF does 
not appear to be speci  c for permeability of albumin, making 
it an unlikely cause of selective proteinuria. VEGF activates 
endothelial cells in numerous ways; by causing the cells to 
“round up,” it disrupts tight cell–cell adhesions, promoting 
permeability of an endothelial monolayer. 616  It also promotes 
the formation of endothelial fenestrae. 617  However, because 
the glomerular capillary endothelium is not the   nal barrier 
to glomerular permeability, it is not clear how increased fen-
estration would cause albuminuria in primary nephrotic syn-
drome.  Furthermore, a similar substance was described in IgA 
nephropathy, even in the absence of nephrotic syndrome, 618  
indicating that VEGF activity could be secondary to renal 
disease rather than a cause of proteinuria. VEGF production 
could be  enhanced by IL-12 or IL-15. 619  Substances pro-
duced by  T-cell hybridomas derived from the lymphocytes of 
nephrotic patients, 620  or found in culture media conditioned 
by mononuclear cells from nephrotic children, 621  may prove 
to represent one or more selective permeability factors. One 
such factor could be IL-8, which is produced by lymphocytes 
from patients with steroid-responsive  nephrosis and increases 
 renal clearance of protein in an ex vivo model. 622  However, 
varied circulating levels have been reported in disease. 608,623  
IL-2 573  and tumor necrosis factor alpha [TNF   ] 624  produc-
tion by patient lymphocytes normalized after the patients 
entered remission. A single case report describes remission 
of steroid-resistant disease after in  iximab anti-TNF    ther-
apy. 625  Another  potentially  signi  cant mediator is IL-13. 
This Th2 cytokine, which has been associated with allergy, 

immune complexes have been documented in some  patients 
with MCN or FSGS, 530  not all studies have con  rmed 
this observation 529  and the relationship of this   nding to 
 mesangial immune complexes remains uncertain. A pos-
sible reason for varied results is the use of different assay 
systems. 433  In screening studies that employed liquid-phase 
and solid-phase C1q binding and Raji cell assays, at least 
one assay was positive in serum from 11 of 14 adults with 
MCN, 13 of 27 patients with FSGS, and 26 of 55 patients 
with membranous nephropathy. Prednisone treatment did 
not affect the prevalence of circulating immune complexes 
in this study. 602  In another report, 17 of 18 MCN patients 
had IgG immune complexes that did not bind to Clq; in 
7 of 9 patients assessed longitudinally, immune complexes 
disappeared within 6 weeks of entry into remission. 434  This 
temporal relationship and the absence of glomerular IgG in 
patients with MCN suggest that circulating immune com-
plexes could be a result rather than a cause of the disease. 
Although they may not cause the disease, some circulating 
immune complexes could account for the apparently non-
speci  c presence of IgM in the mesangium of some patients. 
In support of this is the   nding that neutral, or anionic, large 
complexes show focal to diffuse mesangial localization. 603,604  
Complexes containing IgM tend to be large. In contrast, low-
avidity, polycationic, and small immune complexes tend to 
deposit in capillary or mesangiocapillary distribution. 

 Other   ndings related to immunity. Further evidence of a 
potential role for the immune system in MCN is the possible 
relationship between this disease and allergic phenomena, 
already discussed, as well as the unique association  between 
MCN and tumors of immune cell origin. Impaired lym-
phocyte blast transformation was found in the presence of 
plasma from patients with MCN and Hodgkin disease 486,605 ; 
in vitro responses improved signi  cantly after antitumor 
therapy. 606  The strong association of lymphoid tumor, ab-
normal cellular immune responses, and MCN supports 
a role for deranged immunity. The nature of this derange-
ment is unclear. Despite the clinical evidence of suppressed 
immune responses, the underlying abnormality paradoxi-
cally may be general immune system activation. In sup-
port of such an event, production of a number of speci  c 
cytokines and their regulators may be elevated. Increased 
IL-2 mRNA expression in patient lymphocytes, 607  increased 
IL-8 production in steroid-resistant patients, 608  and in-
creased  incidence of one polymorphism of IL-1 receptor 
antagonist 609  have been reported. Circulating soluble IL-2 
receptor concentrations are increased in MCN. 569–572  Pro-
duction of gamma interferon (IFN-     ) may also be increased 
in nephrotic children. Further, although various responses 
of stimulated patient lymphocytes are decreased, unstimu-
lated cells from patients show, for example, increased im-
munoglobulin production relative to that of unstimulated 
control cells. Taken together, these   ndings suggest that in 
MCN, the immune system is generally activated, whereas 
the induction of  responses to speci  c stimuli is impaired. 527  
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to clear circulating antigens. Because the podocyte and lym-
phocyte pathways are similar, the podocytes might respond 
in parallel to the immune system in the presence of systemic 
immunogenic stimuli that result from atopy or viral infec-
tion. These considerations provide a  potential relationship 
between the  immune abnormalities that have been associated 
with MCN and the pathogenesis of proteinuria in the disease. 

 Treatment of Minimal Change Nephropathy 
 Indications for Renal Biopsy 
 Although most older children and adults will undergo re-
nal biopsy prior to starting treatment, the indications for 
and bene  ts of this procedure in patients with primary 
 nephrotic syndrome remain somewhat controversial. 639

Children 1 to 9 years old with all the features of MCNS and 
no atypical features (Table 52.6) may be given a therapeutic 

is found in increased concentrations in serum from children 
with MCN. 626  In an animal model, overexpression of IL-13 
caused nephrotic-range proteinuria in rats. 627  

 Despite the absence of proof for Shalhoub’s hypothesis, 
the indirect evidence of an immunogenic basis for many cases 
of MCN remains compelling. Onset is often preceded by an 
immunogenic stimulus. Measles, which induces remission, 
inhibits lymphokine production but not proliferation by lym-
phocytes. 628  Studies of MCN induced by NSAIDs 629  or cimeti-
dine 630  indicated that these cases of disease may be associated 
with abnormal T-cell function. The relationship of disease to 
altered immunity is particularly striking with regard to sup-
pressor cell activity. A good therapeutic response to cyclo-
phosphamide was associated with  decreased suppressor cell 
activity after treatment, 631  although others were unable to con-
  rm this   nding. 632  Furthermore, as described previously, cel-
lular and humoral immune responses are suppressed in MCN. 
Thus, it is intriguing that recombinant leukocyte interferon A, 
an agent that induces production of SIRS, causes  nephrotic 
syndrome with minimal glomerular changes in some patients 
with  T-lymphocyte malignancy 633  and that the anthelminthic 
agent levamisole, which inhibits SIRS activity, 598  has been used 
successfully to treat MCN. 634,635  Despite evidence suggesting 
that cytokines may be involved in promoting vascular perme-
ability, 636  the data  regarding lymphokines do not address their 
role as a pathogenic agent in nephrosis and are equally con-
sistent with the interpretation that production of these sub-
stances is an epiphenomenon of the derangement that causes 
albuminuria. In addition, the existence of differences between 
studies or even within a patient group in a given study sug-
gest that multiple etiologies may exist for MCN, only one (or 
several) of which may be immunologic. 

 One explanation for the apparent role of the immune 
system and the sensitivity of disease to treatments that  affect 
immune responses is that podocytes may have molecular 
signaling pathways that are analogous to those observed in 
lymphocytes. The molecule, B7-1, termed CD80 in  humans, 
is found on activated B lymphocytes and monocytes and pro-
vides a costimulatory signal necessary for T-cell activation and 
survival. It also is expressed in the podocytes of patients with 
MCN in relapse. 91  When overexpressed in cultured podo-
cytes, it disrupts the cytoskeleton, interfering with assembly 
of the slit-diaphragm complex. 90  In vivo, its expression in 
podocytes induces proteinuria in mice. Another immuno-
logic signaling molecule, c-maf-interfering protein (c-mip), 
was previously found in lymphocytes of MCN patients in re-
lapse. It is expressed in the podocytes of mice treated with 
lipopolysaccharide, an experimental stimulus for protein-
uria, and disrupts podocyte architecture when it is expressed 
in those cells. 637  It also has been detected in Reed-Sternberg 
cells as well as in the podocytes of patients who have MCN 
related to Hodgkin disease. 638  Together, these results suggest 
a paradigm in which podocytes express signaling pathways 
analogous to those previously characterized in immunocytes. 
Rather than mediating immune responses, their activation is 
associated with proteinuria, perhaps with a teleogic purpose 

TA B L E

Features Suggesting that Nephrotic 
Syndrome Is Caused by a Disease 
Other than Minimal Change 
Nephropathy (MCN)

History
Onset: before 1 year or after 9 years of agea

History: skin rashes, joint pains, “nephritis,” or 
hematuriaa

Family history: family member with Alport syndrome 
or development of end-stage renal diseasea

Physical examination
General: clinical features of collagen vascular disease
Blood pressure: marked elevation or evidence of 

vascular changes in fundia
Skin: purpuraa

Subcutaneous tissue: lipodystrophy

Laboratory   ndings
Urine: dilute urine sediment containing more 

than 10 red blood cells per high-power   eld; 
cylindruriaa; nonselective proteinuriaa

Renal function: markedly decreaseda

Chest X-ray: enlarged heart, vascular engorgement, 
pulmonary edema

Serology: decreased C3 or C4, antinuclear antibody or 
anti-DNA positive

Serum cholesterol: only mild increasea

Plasma protein: only mild decrease in albumina 
markedly decreased or increased globulin

aAlthough these features are unusual for MCN, their presence does not 
exclude the lesion.

TA B L ETA B L E
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Some De  nitions Used to Describe 
Patients with Primary Nephrotic 
 Syndrome

Nephrotic-range proteinuria
Pediatric: Urine protein: creatinine ratio  2 g/g
Adult: 24-hour protein excretion  3.5 g

Relapse
Proteinuria ( 1  on dipstick or  4 mg/hr/m2 

 surface area) for at least 1 week

Complete remission (CR)
Pediatric: Protein-free urine ( 1  on dipstick or 

 4 mg/hr/m2 surface area) for at least 3 days
Or, urine protein: creatinine ratio  0.2
Adult: 24-hour protein excretion  0.3 g

Partial remission (PR)
Pediatric:  50% fall from baseline and/or  2.0 

(or  0.3) and/or loss of edema and/or serum 
albumin  2.5 mg/dL with preserved GFR

Adult: PR 50%: 50% fall from baseline and 
 3.5 g/day with preserved GFR Or, PR2: 
 2.0 g/1.73 m2

Limited response (LR)
Pediatric and Adult: Fall to  50% baseline 

but not PR

Steroid-sensitive nephrotic syndrome (SSNS)
Response to prednisone (60 mg/m2 surface 

area/day) within 8 weeks of starting treatmenta

Steroid-resistant nephrotic syndrome (SRNS)
Pediatric: No response to prednisone (60 mg/m2 

surface area/day) within 8 weeks of starting 
treatment (ISKDC)a

Adult: No change or increased proteinuria 
compared to baseline

Frequent relapsing nephrotic syndrome
Initially responsive to prednisone: At least two 

relapses in a subsequent 6-month period or   ve 
relapses in 18 months

Steroid-dependent nephrotic syndrome
Initially responsive to prednisone
Either two consecutive relapses during period of 

steroid taper, or two consecutive relapses, each 
occurring within 2 weeks of ending a course of 
corticosteroid therapy

Those responding between 5 and 8 weeks are referred to as late responders.
a Some studies de  ne steroid-sensitive patients as those responding within 
4 weeks of starting treatment.
ISKDC, International Study of Kidney Disease in Children.
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52.7
trial of  steroids without prior histologic con  rmation of the 
 diagnosis.  Induction of a complete remission by steroids in 
such patients is considered to be adequate con  rmation of 
the diagnosis of MCN, 440  although other benign conditions 
may occasionally appear to respond to steroid therapy. 640  A 
histologic diagnosis by renal biopsy is recommended in all 
patients who present with nephrotic syndrome in the   rst 
year of life or after the age of 9 years. Risk–bene  t analysis at 
one point suggested that a biopsy may not be diagnostically 
superior to a therapeutic trial of steroids, even in adults, 641

but the increasing incidence of FSGS in nephrotic adults has 
led most clinicians to perform a biopsy at the time of presen-
tation. All patients who are steroid-resistant (see Table 52.7 
for some commonly used descriptors of nephrotic patients 
and their responses) should undergo biopsy, although the 
timing of this decision remains uncertain.  Although steroid 
resistance in children usually is de  ned by 8 weeks of non-
response, many clinicians recognize that most children who 
respond do so by 4 weeks. Therefore, it may be appropri-
ate to perform a biopsy after 4 weeks or less, because those 
who have not responded by then are more likely to have a 
different disease that might require an alternative treatment. 
Other pediatric patients who may require a biopsy include 
those who have frequent relapses, or who are candidates for 
therapy with immunosuppressive drugs. Some experts have 
suggested that any steroid-dependent pediatric patients who 
continue to be steroid sensitive are, statistically, so likely to 
have MCN 416,461  that biopsy is not indicated. Alternatively, 
response to steroids may itself be a more  important determi-
nant of disease process and outcome than is  histopathology. 642

 A renal biopsy may be technically dif  cult to perform in 
the patient with anasarca; surrounding   uid allows the kid-
ney to be balloted by the biopsy needle. In such subjects, it 
is preferable to delay the attempted biopsy until after a spon-
taneous or drug-induced diuresis has occurred and most of 
the ascites has resolved. 

 Treatment of Minimal Change Disease 
 The optimal treatment for MCN is based on corticoste-
roids but continues to evolve. It is noteworthy that in the 
era before current drugs were available, 25% of children 
with  idiopathic nephrotic syndrome underwent a sponta-
neous remission. 643  Even today, a careful history will often 
suggest that prior to the presenting episode, the nephrotic 
 patient has had one or more periods of edema that resolved 
without treatment. The association between MCN and both 
 allergy and malignancy was reviewed earlier in this chapter. 
An occasional patient with frequently relapsing MCN may 
enter long-term remission only when a dietary allergen is 
withdrawn 394  or an underlying malignancy is identi  ed and 
treated. 483,487  Therefore, the possibility that either of these 
conditions is responsible for the patient’s symptoms should 
be considered before any drug therapy is instituted. 

 Prior to 1940, the mortality rate for nephrotic syndrome 
was 40%; the major cause of death was infection. 644  After the 
introduction of antibiotics, mortality was reduced by more 
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adults, where  24-hour urine collections remain the standard 
for de  nition, CR is commonly de  ned as    0.3 g per day 
(although the upper limits of normal protein excretion at 
various clinical laboratories may be 150 to 250 mg per day 
and some studies have used a    0.5 g per day to de  ne CR). 
The de  nitions of PR are more problematic. Troyanov, Cat-
tran et al. 649  have argued for a 50% decrease in proteinuria 
from baseline and becoming subnephrotic. 

 This de  nition has the merit of capturing the bene  t of 
a substantial reduction in proteinuria, for example from 10 
to 3 g per day, and has been shown recently to correlate with 
long-term preservation of kidney function. Others have used 
a more restrictive de  nition of PR, for example, proteinuria 

 2 g per day. There may be some utility to capturing lesser 
degrees of bene  t (e.g., limited response [LR], de  ned as 
a 50% fall in proteinuria that does not reach subnephrotic 
levels) but such a utility has not been tested in longitudinal 
studies. In children, CR may occur within 1 week of starting 
treatment in 75% of responders, and by 4 weeks in more 
than 90% (Fig. 52.8). 

 According to the de  nitions derived by ISKDC and 
 others (Table 52.7), patients who do not respond after 
4 weeks of glucocorticoid therapy are considered to be ste-
roid resistant. However, response may be delayed for up to 
8 weeks or more in a small percentage of patients, so that 
approximately 95% of patients with MCNS eventually will 
prove to be steroid sensitive. Serum albumin levels may not 
return to normal for up to 3 months, 120  and serum lipid 
 abnormalities may persist for protracted periods. 179  

 The persistence of some proteinuria does not  necessarily 
indicate steroid resistance. Postural proteinuria may persist 
in a minority of patients and, in others, contraction of blood 
volume consequent to a brisk diuresis may result in renin-
mediated proteinuria. 650  In either case, the degree of protein-
uria is modest, typically registering 1    to 2    on dipstick 
and being    1 g per day. This should not be misinterpreted 
as partial responsiveness and should not be used to justify 
continuing steroid therapy in high doses. Alternatively, fail-
ure to respond to steroids may indicate the presence of an 
occult infection 647  or malignancy. 

than 50%. The development of corticosteroids has further re-
duced mortality to between 3% and 7%. 426,436,644  The major 
bene  ts of steroids, however, may well be the faster induc-
tion of a remission and a reduction of morbidity, although 
this has never been subjected to a controlled trial. In the 
older adult nephrotic patient, the risk of undesirable steroid 
side effects could outweigh the bene  ts of these drugs. 645

Despite these caveats, adrenocorticosteroids remain the ther-
apeutic agent of choice for MCN in patients of all ages. 

 Corticosteroid Therapy. As stated in the preceding text, 
the cessation of urinary protein excretion in response to the 
oral administration of prednisone is virtually diagnostic of 
this entity in children. 646  The standard dosage regimen for 
inducing a remission is 2 mg per kilogram of body weight 
per day or 60 mg per square meter of body surface area per 
day (a maximum of 80 mg per day). 647  Although the initial 
ISKDC studies used the same daily dose but divided it into 
three equal parts, we prefer the alternative approach of giving 
the entire daily amount in a single dose. The  Cochrane group 
has reported that the single daily dose is as  effective as a more 
complex dosing schedule. 648  Furthermore, short-term side 
effects such as hunger and hypomania are more manageable 
with use of the single daily dose. In addition, a single dose is 
more convenient to administer, with a greater likelihood of 
patient adherence. The daily dose is rounded up to the near-
est multiple of 20 mg. A tuberculin test should be adminis-
tered, but because nephrotic patients may be anergic, a chest 
radiograph should be obtained to rule out the possibility of 
subclinical pulmonary tuberculosis before prednisone ther-
apy is begun. Typically, patients respond with a diuresis 120

followed by resolution of proteinuria. In most instances, re-
sponse can be considered to have  occurred if the patient has 
had protein-free urine for at least 3 days (Table 52.7). There 
are as yet no universally agreed upon de  nitions for com-
plete remission (CR) or partial  remission (PR). Nevertheless, 
those presented in Table 52.7 represent a starting point for 
discussion. Among children, CR is commonly de  ned as the 
absence of proteinuria on dipstick or alternatively of random 
(or   rst-void) urine  protein/ creatinine  ratio of    0.2. Among 

FIGURE 52.8 The cumulative rate of response to treatment 
with prednisone of children with primary nephrotic syn-
drome. Only steroid-sensitive patients are included in this 
analysis. The majority of patients respond in the 2nd or 3rd 
week of treatment. A small percentage, however, may take 
7 or 8 weeks to respond. (Data derived from: International 
Study of Kidney Disease in Children. The primary nephrotic 
syndrome in children: identi  cation of patients with mini-
mal change nephrotic syndrome from initial response to 
prednisone. J Pediatr. 1981;98:561, with permission.)
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 suggests that the administration of meningococcal C conju-
gate  vaccine may increase the likelihood of relapse. 408  Cur-
rent recommendations on vaccination in children and adults 
and use of  immunoglobulins 661  support the use of polyvalent 
pneumococcal vaccine 317,318  and (in the case of children)  Hae-
mophilus in  uenzae  type B vaccine. Live virus vaccines should 
not be given to immunocompromised patients. 

 Frequent Relapse. Although earlier reports suggested that 
as high as 50% of steroid-sensitive children do not have a 
relapse after the initial episode of nephrotic syndrome, sub-
sequent observations indicate that this   gure approximates 
only 25%. 378  The difference could be due to an altering 
pattern of disease but also may re  ect the types of patients 
 being referred to reporting centers. Another 25% to 30% 
of children have infrequent relapses and usually respond 
well to further courses of steroids, as already described. 
The  remaining patients have either frequently relapsing or 
steroid-dependent nephrotic syndrome (Table 52.7). Sev-
eral attempts have been made to correlate pathology with 
response to steroids or with the pattern of relapses. 662  The 
frequency of relapse showed no correlation with histopa-
thology in a study by the ISKDC, 663  but early relapse after 
the initial episode was predictive of more frequent relapses 
subsequently. Frequent relapse may be associated with ear-
lier age presentation in children. 664  

 Attempts to control frequent relapses with steroids may 
result in their protracted use and possible steroid toxicity. In 
an effort to minimize these side effects, alternative regimens 
have been proposed using smaller doses of steroids to treat 
relapses. Unfortunately, the lower response and higher re-
lapse rates associated with most of these approaches usually 
result in higher cumulative doses of steroids and may not be 
justi  ed. 654  One study suggested that for some frequently 
relapsing patients, maintenance on daily rather than alter-
nate day steroids during the tapering regimen can result in a 
less frequent relapse rate and an equal or lesser cumulative 
steroid dose. 665  

 Corticotropin (adrenocorticotropic hormone [ACTH]) 
stimulation tests suggest that prolonged postprednisone 
adrenocortical suppression may predispose one to frequent 
relapses. A normal response to ACTH predicted a remission 
for 6 months or longer; a subnormal response was associated 
with remissions of less than 6 months. 666  Early relapse in 
children with poor adrenal function can be prevented with 
low-dose maintenance hydrocortisone administration. 667  

 Nitrogen mustard was found to prolong the duration 
of remission in patients with MCN, 668  but less toxic alter-
natives such as cyclophosphamide and related drugs are 
now used in frequently relapsing and steroid-dependent 
 nephrotic  patients, especially in those with marked ste-
roid side  effects. 669  Ideally, cyclophosphamide should not 
be used  until a patient has been followed for 2 to 3 years 
to document a frequently relapsing course. Although some 
centers prefer  histologic con  rmation of MCN before the 
drug is used, steroid responsiveness may eliminate the need 

 Studies in children have demonstrated that,  for the initial 
episode only , a prolonged period of treatment with a full dose 
of daily glucocorticoids decreases the incidence or  frequency 
of subsequent relapses. After 6 weeks of daily treatment 
(rather than the standard 4 weeks of daily treatment) with 
prednisone, 60 mg per square meter, the  patient is switched 
to 40 mg per square meter on alternate days. 651   Although 
some controlled studies may disagree, 652  meta-analysis by 
the  Cochrane Group has determined that initial treatment 
with high-dose daily and then prolonged alternate-day oral 
prednisone decreases the likelihood of relapse over the   rst 
12 to 24 months, and suggests that long-term continua-
tion of alternate day steroids has increasing bene  t for up 
to 7 months. 648  Most groups continue prednisone (total of 
daily and alternate day) for about 3 months and then discon-
tinue the drug. For subsequent relapses, the steroids are ta-
pered beginning with a switch to alternate day therapy only 
a few days after the response to treatment. The dose is then 
reduced in a stepwise fashion during the next 4 to 8 weeks. 
Longer tapering periods may decrease the likelihood of sub-
sequent relapses. 651,653,654  For example, in a relapsed patient 
treated initially with prednisone, 60 mg per day, the dose is 
reduced to 40 mg daily after response (3 days of protein-
free urine) for 2 weeks, then to 40 mg on alternate days. At 
2-week intervals, the doses are reduced by 50%, with the 
  nal dose of 5 mg on alternate days being given for 3 weeks. 
It should be noted that this regimen is a matter of preference. 
The only regimen that has been established by a controlled 
trial as ef  cacious is the prolonged course for children of 
daily and then alternate day steroids in the initial episode. It 
is of interest that although prolonged treatment of the   rst 
episode seems to consolidate remission in children, those 
children who respond most rapidly to the initial course of 
corticosteroids tend to have longer remissions. 655  This rela-
tionship was not observed in adults. 656  

 The presence of IgM deposits does not have an effect 
on response to steroids. 657  Although initial observations sug-
gested that patients with mesangial hypercellularity respond 
to treatment in a manner similar to that seen with MCN, 658  
subsequent studies indicated that a considerable proportion 
of these patients may be steroid resistant. 456,659  Conversely, 
an evaluation of large groups of children indicated that the 
persistence of proteinuria is only weakly predictive of me-
sangial hypercellularity on biopsy. 177,461  

 Because bacterial peritonitis is a relatively common 
 occurrence in patients with MCN (see Complications of 
 Minimal Change Nephropathy later in this chapter), many 
clinicians support immunization with pneumococcal polysac-
charide vaccines. Concern regarding possible poor response 
to immunogens in nephrotic patients, and the potential for 
an immunogenic stimulus to trigger a relapse, has made the 
issue of childhood immunization in nephrotic patients some-
what controversial. A survey of North American pediatric 
 nephrologists indicated that many modi  ed their approach 
to  immunization but that there was little evidence upon 
which to base such modi  cations. 660  However, a British study 
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remains uncertain whether this is a major risk of therapeutic 
 regimens currently used in nephrotic syndrome, although 
leukemia occurred in at least one child treated for nephrotic 
syndrome with prednisone and cyclophosphamide. 686  Fur-
thermore, the use of cyclophosphamide may be associated 
with   ndings of increased sister chromatid exchange 687  and 
long-lasting immunosuppressive effects. 549  

 Anecdotal experience in patients who are refractory to 
conventional therapies suggests that adding six  monthly 
 intravenous injections of cyclophosphamide, 0.5 g per square 
meter of body surface area per injection, to the oral steroid 
regimen may result in prolonged remission of the nephrotic 
syndrome even after discontinuation of the  steroids. 688  This 
bolus therapy has potential advantages related to facilitated 
compliance and the availability of newer agents to counter 
drug toxicity. 

 An alternative alkylating agent, chlorambucil, shares 
many of the side effects seen with cyclophosphamide but 
does not induce cystitis. Unlike cyclophosphamide, how-
ever, it may produce seizures in some patients 689  and may 
induce electroencephalographic changes in the absence of 
seizures in others. 690  Malignancies have developed in at least 
three nephrotic children treated with this drug. 666,691,692  
However, the overall incidence of serious complications with 
chlorambucil is low, especially when it is used in a dosage of 
0.1 to 0.2 mg/kg/day for an 8-week course. It may produce 
a more stable remission than cyclophosphamide does 693,694  
and be effective in some steroid-dependent and cyclophos-
phamide-resistant children with nephrotic  syndrome. 695  
A meta-analysis found that both cyclophosphamide and 
 chlorambucil are effective in frequently  relapsing patients 
and was unable to discern a difference between the two 
treatments. 696  

 Cyclosporine and other calcineurin inhibitors can be 
bene  cial in the management of patients with frequent 
relapses, especially in those who do not achieve a long-
term remission with an alkylating agent. The usual dose of 
 cyclosporine, 150 mg/m 2 /day (7 mg/kg/day), is effective at 
inducing and sustaining remissions in these patients. An 
analysis of 129 children from nine studies showed complete 
remission in 84.5%. 697  With cessation of the cyclosporine, 
 however, there is a high rate of relapse, the subsequent 
 relapses possibly being more dif  cult to control than those 
prior to  cyclosporine treatment. Although some reports 
have indicated that cyclosporine is a safe, steroid-sparing 
agent for treating steroid-dependent nephrotic syndrome, 698  
 others suggest that prolonged use can be associated with 
nephrotoxicity. 699,700  An alternative and successful approach 
to management is the long-term use of low-dose cyclospo-
rine combined with low-dose, alternate day prednisone. 
 Because of the potential for toxicity, serum creatinine should 
be monitored periodically in patients receiving cyclosporine. 

 Levamisole, an anthelminthic drug and immunopo-
tentiating agent, can be used to treat children with MCN, 
 especially those who have frequent relapses. 11,634  The usual 
dose is 2.5 mg per kilogram of body weight given by mouth 

to obtain a biopsy specimen in children, because the disease 
remains overwhelmingly likely to be MCN. 670  

 The original cyclophosphamide regimen used doses of 
5 mg/kg/day, but it was associated with a high incidence of 
leukopenia, hair loss, and cystitis. 671  Most centers obtain sat-
isfactory results with a dosage of 2 mg/kg/day for children 
(1.5 mg/kg/day for adults) given for no more than 90 con-
secutive days; others reported equally good results with 
2.5 mg/kg/day for 8 weeks. 671–674  At 2 mg/kg/day, a course 
of  cyclophosphamide limited to 8 weeks is followed by a 
higher relapse rate. 675  Most centers use cyclophosphamide 
in conjunction with steroids. 673  The induction of a remis-
sion with steroids before therapy with cyclophosphamide 
is instituted permits a liberal   uid intake to induce a high 
urine   ow rate during treatment with the immunosuppres-
sive agent, thereby reducing the risk of cystitis. The steroid 
taper is accomplished more rapidly, over a 6-week period. 

 Approximately 65% of frequently relapsing patients 
 remain in remission for at least 5 years after a course of 
 cyclophosphamide. 673,676,677  Response to  cyclophosphamide 
may be predictable from the patterns of relapse after steroids. 
Of patients who have a relapse immediately after tapering 
of steroids, two-thirds also have a relapse quickly after cy-
clophosphamide treatment. Conversely, frequently relapsing 
patients who can maintain remission for more than 14 days 
after steroid therapy is discontinued have  longer remissions 
and fewer relapses after cyclophosphamide  treatment. 675  

 It is rare to see acute side effects with the current cy-
clophosphamide regimens, although white blood cell counts 
should be monitored at least weekly, especially early in the 
course of therapy. The frequency of cystitis, alopecia, and 
leukopenia has been reduced markedly by the institution of 
smaller daily and cumulative doses of the drug, and is further 
minimized by encouraging   uid intake and  frequent voiding 
for 4 hours after administration. The gonadal  toxicity of cy-
clophosphamide also appears to be cumulative-dose related; 
testicular and ovarian toxicity is uncommon if the total dose 
is less than 200 mg per kilogram. 653,678,679  However, such 
doses do decrease sperm counts, 680  and some men experi-
ence gonadal toxicity even at low doses. 681  Higher doses lead 
to more signi  cant testicular dysfunction. 682  In children, the 
drug is usually given well before puberty to minimize the 
risk of gonadal toxicity, although it has been suggested that 
prepubertal males are more sensitive than pubertal males. 683  
Injection of slowly absorbed testosterone may protect 
against iatrogenic azoospermia. 684  Female  patients treated 
with a mean total dose of 439 mg per  kilogram at an aver-
age age of 8.7 years were followed for a mean of 12.3 years. 
All had normal pubertal development and regular men-
strual patterns. Hormonal studies did not show obvious 
ovarian or  pituitary–gonadal dysfunction, and two patients 
gave birth to normal children. 682  There are no data avail-
able to convincingly demonstrate a protective effect of ovar-
ian suppression with oral contraceptives during  alkylating 
agent therapy. 685  Concern has been expressed about the 
potential for cyclophosphamide to induce malignancies. It 
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average 20% decline in GFR after 3 months of therapy, 
but GFR stabilizes during subsequent therapy and has the 
potential to return toward normal with discontinuation 
of the drug. 715  Nonetheless, toxicity can be chronic. 716  A 
controlled multicenter study evaluating both pediatric and 
adult patients with either frequently relapsing or steroid-
dependent nephrotic syndrome documented that cyclospo-
rine and cyclophosphamide have a similar degree of ef  cacy 
but that more patients given cyclophosphamide have stable 
remissions. 717  One study has suggested that cyclosporine 
given concomitantly with cytotoxic agents may diminish the 
 ef  cacy of the latter treatment. 718  

 For most clinicians, when a steroid-dependent or fre-
quently relapsing patient shows signs of steroid toxicity, 
the next drug to be used is cyclophosphamide, given for 
12 weeks. If frequent relapses recur, cyclosporine in the 
lowest possible dose would be the next therapy used. 719  
 Levamisole is reserved for patients who continue to have 
relapses. However, recent studies showing the ef  cacy of 
mycophenolate in steroid-dependent disease 704,705,720,721  
suggest the possibility that consideration should be given to 
using mycophenolate before these other drugs in view of its 
lesser toxicity. 

 A signi  cant number of patients who are steroid-
dependent are resistant to all alternative forms of treatment 
and must be controlled symptomatically on a chronic basis 
with dietary sodium restriction and diuretics. Oral furosemide 
or metolazone, used alone or in combination, or in conjunc-
tion with spironolactone, is usually effective. Most patients 
learn to individualize their dosage. Unless there is evidence 
for a progressive loss of renal function, this regimen probably 
is preferable to attempting control of the nephrotic syndrome 
with longer term steroid therapy because of the signi  cant 
complication rate of this latter approach. However, progres-
sive interstitial nephritis has occurred in nephrotic patients 
chronically treated with diuretics, especially furosemide. 722  

 Treatment of Adult Patients with Minimal Change 
 Nephropathy. Most of the recommendations made for 
 pediatric patients are equally applicable to their adult coun-
terparts because there are remarkable similarities of MCN 
in the different age groups. In general, the response rates 
to  steroids in adult and pediatric patients with MCN are 
comparable. 673,723  Differences between pediatric and adult 
patients with MCN may include a less rapid response to 
corticosteroids in adults 724  and a more effective response 
in adults to cyclophosphamide used alone 725,726 ;  however, 
these differences may re  ect technical or experimental 
 design issues. For example, adults generally receive a lower 
dose of  steroids on a per weight basis. 

 Adult patients may be somewhat more prone to ste-
roid complications, 727  particularly in the skeleton. This has 
 resulted in a philosophical debate about how aggressive one 
should be in the use of these drugs as well as immunosup-
pressants when treating nephrotic syndrome. However, 
 given (1) the possibility of irreversible glomerular  lesions 

on alternate days. The drug may be valuable as a steroid-
sparing agent. In a controlled trial, 14 of 31 patients taking 
levamisole were able to discontinue steroids and remain in 
remission for the 112 days of the trial, compared to only 4 
of the 30 control subjects taking placebo. 635  When the drug 
was added to the regimen of patients after a steroid-induced 
remission, the relapse rate fell from 5.2 episodes to less than 
0.7 episodes per year during a 2-year period of treatment. 
The bene  cial effect appeared to last beyond completion of 
the course of levamisole. 701  Side effects of levamisole include 
a decreased neutrophil count or transient granulocytopenia 
in two-thirds of patients. More severe complications such as 
skin rash, a   ulike illness, vomiting, thrombocytopenia, and 
neurologic symptoms (insomnia, hyperactivity, and seizures) 
have been reported. 702  

 Mycophenolate mofetil has been reported to success-
fully treat frequently relapsing minimal change disease in 
adults 703  and children. 704,705  In two prospective studies of 
children, mycophenolate (600 mg per square meter twice 
daily) was effective at decreasing corticosteroid dose and fre-
quency of relapse 706  and was equally effective whether or 
not it was preceded by a trial of cyclosporine. 707  Side effects 
were minimal. Rituximab may be effective at decreasing or 
preventing relapses, 708  although the relative bene  ts of this 
therapy remains to be determined. 

 A Cochrane Report 709  analyzing 26 studies of frequently 
relapsing nephrotic syndrome covering 1173 children found 
no differences in ef  cacy among 8-week courses of cyclo-
phosphamide or chlorambucil and extended courses of 
 either levamisole or cyclosporine. The use of intravenous 
immunoglobulin as an adjunct to steroids has not resulted 
in any clinically important extension of the period of remis-
sion in patients with frequent relapses. 710  

 Steroid-Dependent Patients. The management of these 
patients is similar in many respects to that of frequently 
relapsing patients. A minority of these individuals can 
be controlled with long-term, low-dose oral prednisone. 
 Unfortunately, the dose of prednisone required to maintain 
a remission is usually suf  ciently high to result in unaccept-
able side effects. Therefore, alternative approaches to man-
agement are required. 

 Methylprednisolone pulses have not been shown to be 
bene  cial in this population of patients. 711  Some patients re-
spond to cyclophosphamide and, as is the case with frequent 
relapses, the likelihood of a prolonged remission is increased 
if the course of drug is extended to 12 weeks. 712  

 The results of using cyclosporine in steroid- dependent 
patients are similar to those in the frequently relapsing 
group. Some clinicians advocate a course of alkylating agents 
before resorting to cyclosporine. 713  Remissions can be main-
tained for 2 years or longer, especially if the cyclosporine 
is given continuously. However, 40% of these patients also 
require low-dose, alternate day steroids to stay in  remission. 
Unfortunately, long-term remission after discontinuing the 
 cyclosporine is relatively rare. 714  Treated patients show an 
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 biopsy-con  rmed MCN who were resistant to both cortico-
steroids and cyclosporine. 732  

 Therapy with NSAIDs also has produced variable 
 results in patients with MCN. 733  Some patients with fre-
quently  relapsing or steroid-resistant MCNS who were 
treated with one of these drugs demonstrated a reduction in 
proteinuria, but all remained nephrotic and a high percent-
age had no response. 734  Thus, drugs such as indomethacin 
and meclofenamate may at best represent a useful adjunct 
in selected patients who are receiving symptomatic treat-
ment only. One potential explanation for the disappoint-
ing results is that  patients selected for this therapy typically 
are  unresponsive to all standard forms of treatment and 
may represent a  recalcitrant population. 734  NSAIDs should 
be used cautiously  because of association with renal fail-
ure in nephrotic  patients (see section on Consequences of 
 Proteinuria). 

 Steroid-resistant patients who do not respond to alter-
native therapies often have to be maintained on a regimen 
of sodium and   uid restriction combined with judicious use 
of diuretics. Balancing the desire to minimize tissue edema 
against the importance of avoiding intravascular volume 
 depletion is a rigorous challenge for the clinician (see section 
on Symptomatic Treatment of Nephrotic Syndrome). 

 Outcomes 
 Although late relapses of MCN have been reported, 735,736  
the majority of children with MCN enter permanent remis-
sion either before or at puberty. Their long-term prognosis 
is good, with at least 70% entering adult life without renal 
or urinary abnormalities. This   nding contrasts with the 
much less favorable outcome if the nephrotic syndrome is 
associated with glomerulonephritis. 737  A minority of pedi-
atric  patients who are initially steroid responsive eventually 
progress to renal failure. Most are found to have FSGS, 460,738  
although this lesion is not always present. 739  

 There have been many attempts to predict the long-
term course either from renal histology or from patterns 
of response to treatment with steroids. For example, in 
one study of children, the presence of mesangial hyper-
cellularity and immune complexes in the glomeruli was 
 associated with an increased relapse rate. 456  In contrast, the 
 ISKDC 663  was unable to correlate a frequency of relapse with 
(1) the histopathologic subgroups of MCN, (2) clinical or 
laboratory characteristics present at the time of diagnosis, 
(3) the  timing of initial response, or (4) the interval between 
the initial response and the   rst relapse. Frequent relapses 
in the   rst 6 months, however, were highly predictive of 
frequent  relapses subsequently. In contrast, children who 
present with minimal edema and are steroid sensitive follow 
an extremely favorable clinical course. 740  Another potential 
predictor of steroid dependence or resistance, or of frequent 
relapse, is low birth weight. 741,742  

 Adult patients with MCN also have a good prognosis; in 
one series, more than 90% survived for 10 years or more with-
out the development of end-stage renal disease (ESRD). 743,744  

from prolonged heavy proteinuria, (2) undesirable and 
potentially harmful effects of hyperlipidemia and protein 
de  ciencies, and (3) the potential reduction of side effects 
from glucocorticoids and cytotoxic alkylating agents if the 
course of drugs is brief and the dosage not excessive, 728  most 
internists  employ aggressive therapy in treating patients 
with MCN. 

 Treatment of Steroid-Resistant Minimal Change 
Nephropathy 
 Approximately 5% of children with MCN are unresponsive 
to a standard steroid regimen. Before considering a patient 
to be steroid resistant, infection or occult malignancy must 
be ruled out. A small but signi  cant percentage of those who 
initially are steroid responsive will become steroid resistant 
after one or more subsequent relapses. This development is 
an indication for renal biopsy and often denotes the pres-
ence of FSGS. 

 Alternative steroid regimens have been attempted to 
 improve the response to therapy. High-dose boluses of in-
travenous methylprednisolone induced remission in   ve of 
eight corticosteroid-resistant children. 711  In another expe-
rience, methylprednisolone pulses reduced proteinuria but 
did not result in remission. 729  One major problem in this 
group of patients is the development of severe side  effects 
from protracted use of steroids. Therefore, regimens com-
bining drugs in an attempt to reduce the amount of steroid 
administered, or alternative drugs to steroids, have been 
tried. 

 Occasionally, a patient with biopsy-con  rmed MCN 
who does not respond to oral steroid therapy will respond 
to an equivalent dose of the drug given as methylprednis-
olone by intramuscular injection. In several patients, we 
have found that a tapered course of parenteral, sustained-
release methylprednisolone in combination with prolonged 
chlorambucil (3 months at a dose suf  cient to decrease the 
 peripheral white blood count    5,000/mm 3 ) either induced 
remission or decreased proteinuria suf  ciently that the 
 patient was edema free with little or no additional diuretic 
therapy. The effects appear to be long lasting. This treatment 
must be employed cautiously after full consideration of its 
potential long-term side effects such as risk of neoplasm. It 
is not clear whether this improved response to injected ste-
roids relates to the patient’s compliance, to poor absorption 
of oral drugs, or to the metabolism of steroids by the liver. 
The routine measurement of prednisolone kinetics, 730  how-
ever, does not appear to help in the management of children 
with MCN. 

 Cyclosporine for steroid-resistant MCN has not been as 
effective as once anticipated. In a summary of nine studies, 
only 12 of 60 (20%) children had complete remission and 
many had a relapse with the cessation of therapy. Potential 
nephrotoxicity is of concern in any patient receiving cy-
closporine for protracted periods. Tacrolimus has anecdot-
ally been shown to be effective. 731  Mycophenolate mofetil 
was reported to induce a response in 8 of 19 children with 
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Five initially nonresponsive patients and four patients mani-
festing early relapse died. The number of fatalities among 
nonresponders was particularly striking; 20% of all initial 
nonresponders in the study died. 753  Nonrenal causes of 
death not mentioned in this study but that may be encoun-
tered include other thromboembolic phenomena, hemor-
rhagic pancreatitis, 420  and hypovolemic shock. 

 Nonfatal complications of MCNS include azotemia, 
hypovolemic shock, thrombosis, anemia, and effects of 
 decreased vitamin D levels. These were discussed in the sec-
tion on Consequences of Proteinuria. 

 FSGS, COLLAPSING GLOMERULOPATHY, 
AND DMS: THE PROGRESSIVE 
PODOCYTOPATHIES 
 FSGS is a common cause of nephrotic syndrome in infants, 
children, and adults. Synonyms for this lesion include   focal 
and segmental glomerulosclerosis with hyalinosis ,  focal scleros-
ing glomerulonephritis , and  focal sclerosing glomerulopathy . 
Some patients, particularly adults, may present with subne-
phrotic proteinuria or may lack other features of nephrotic 
 syndrome. This is particularly true of adaptive FSGS, as 
compared with primary (idiopathic) FSGS. 

 FSGS should be distinguished from the   nding of oc-
casional globally sclerosed (obsolescent) glomeruli, a benign 
pattern that is seen in the United States in up to 1% to 3% 
of glomeruli until the age of 40 to 55 years and then rises 
steadily, reaching 30% in individuals 80 years of age. 754,755  
Howie 756  makes the point that FSGS “cannot be de  ned in 
a sensible, useful, unambiguous way.” The problem is that 
there are at least three meanings to the term and that de  -
nitions must include both pathologic description and clini-
cal information: (1) idiopathic nephrotic syndrome with 
segmental glomerulosclerosis (which in this chapter will be 
termed  primary FSGS ), (2) FSGS arising as a consequence of 
structural and functional adaptation to various conditions, 
all of which are characterized by glomerular hypertrophy 
and hyper  ltration (which in this chapter will be termed 
  adaptive FSGS ), and (3) segmental glomerulosclerosis arising 
in the setting of other glomerular diseases, such as prolifera-
tive glomerulonephritis, membranous nephropathy, and dia-
betic nephropathy (which are not dealt with in this chapter, 
out of the belief that they should not be considered part of 
the spectrum of primary podocyte diseases). 

 A related histologic entity has been termed  collapsing 
focal segmental glomerulosclerosis  or  collapsing glomerulopathy  
(as suggested by Detwiler et al. 757 ). We have chosen the latter 
term because we believe that the histology, biology, and eti-
ology of collapsing glomerulopathy are suf  ciently distinct 
to merit a separate classi  cation. Moreover, the glomerular 
lesions may be global rather than segmental and the de  ning 
lesions are podocyte hyperplasia and capillary collapse rather 
than sclerosis, all of which make the use of the term FSGS 
less than ideal. Nonetheless, the nephrology and pathology 

 Complications 
 The most common complications observed in patients with 
nephrotic syndrome are secondary to therapy. Steroid- 
induced side effects are well known and include the typical 
changes in facies, obesity, hirsutism, striae, and pseudotu-
mor cerebri. Acutely, patients receiving large doses of corti-
costeroids may complain of dif  culty sleeping or abdominal 
distress from high gastric acidity. Hypertension can occur but 
is seen less often in patients adhering to a sodium-restricted 
diet. Although growth retardation may be seen in children, 
especially if they receive high doses of steroids for protracted 
periods, 745  the incidence of signi  cantly decreased height 
in prepubertal children is relatively low, even with repeated 
courses of corticosteroid therapy, 746  particularly when the 
prednisone is given on alternate days. 747  Catch-up growth 
often occurs when steroid therapy is discontinued. 748  
 Patients with steroid-responsive nephrotic syndrome who 
had received repeated courses of high-dose steroids dur-
ing childhood and who had completed growth had a mean 
height equivalent to the 40th percentile 749 ; total corticoste-
roid dose, however, correlated only weakly with the height 
scores. In another study, patients were slightly but not signif-
icantly shorter than their peers. More importantly, they had a 
higher body mass index (BMI) than controls. 418  This obesity 
could have mitigating effects on the impact of corticosteroids 
on growth. 750  Corticosteroid-induced cataracts were found 
in a high percentage of children, 751   although  visual acuity 
was not impaired. The complications of  cytotoxic drugs 
were discussed previously. 

 Peritonitis is a particularly important complication of 
nephrotic syndrome in children. 752  Patients who have one 
such episode are at increased risk for subsequent episodes. 
Peritonitis typically occurs during relapses of the disease 
 associated with gross edema and ascites. Clinical evidence 
of peritoneal irritation usually is present even in patients 
 receiving steroids. The most common infecting agent  remains 
 Streptococcus pneumoniae , which is found in approximately 
half of the affected patients 752 ;  Escherichia coli  is cultured in 
an additional 25%; a variety of other organisms, including 
 Haemophilus in  uenzae , may be found in a small percentage 
of patients, and the peritoneal   uid may be culture negative 
in some patients. Interestingly, this complication is far less 
common in adults; the basis for this disparity is not known. 

 Infections were responsible for the majority of deaths in 
nephrotic patients in the preantibiotic era. Although infec-
tions occur with much less frequency now, they continue 
to have serious implications. For example, in a report on 
long-term outcomes of treatment from the ISKDC in which 
389 children with MCNS were followed for 5 to 15 years, 
6 of the 10 deaths were due to infections. Other causes of 
death included one episode of dural sinus thrombosis and 
one incident of cardiorespiratory failure following the infu-
sion of salt-poor albumin. One child died in chronic renal 
failure after the development of FSGS not seen in initial 
 biopsy specimens, and one death was from uncertain causes. 
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data have not been systematically acquired. Therefore, 
the increased relative incidence of FSGS could represent a 
 decline in other diagnostic entities or an absolute increase 
in FSGS incidence (other possibilities, such as a change in 
biopsy practice or diagnostic classi  cation, seem unlikely 
to account for more than a small fraction of the changes). 
However, as a proxy for incident FSGS trends, Kitiyakara 
and colleagues 765,766  examined the incidence of FSGS ESRD 
(excluding AIDS nephropathy) and found a steady increase 
over the last two decades. This was not unique to FSGS 
(e.g., there was a similar increase in the category, “other 
glomerular disease”) but it contrasts with a more modest 
increase in membranous nephropathy ESRD and a drop in 
ESRD due to glomerular disease, “histologically not exam-
ined.” Thus, it appears to be likely that there has been a true 
increase in  incident FSGS cases in recent years. The reasons 
behind these trends are not understood. 

 Worldwide, there is considerable heterogeneity in 
the relative incidence of FSGS compared to other causes 
of adult nephrotic syndrome, ranging from 10% to 45% 
(Fig. 52.9). Factors contributing to this variability likely in-
clude population genetic differences, renal biopsy practices, 
and environmental factors including HIV-1 infection. There 
are also striking racial differences in the incidence of FSGS 
ESRD. In the United States, individuals of African descent 
are at an approximately fourfold increased risk for FSGS 
ESRD compared to Caucasians, Hispanics (who may be of 
any race), and Native Americans (Fig. 52.10). Recently, it 
has become apparent that much of this health disparity can 
be explained by variants on chromosome 22, particularly 
in  APOL1  767  and  MYH9.  768,769  With regard to the progres-
sion to ESRD, studies of adults 770  and children 771,772  have 

literature continues to most commonly include collapsing 
glomerulopathy within FSGS, and, therefore, in this chapter 
will follow that convention when necessary. 

 Another disorder is DMS, an uncommon syndrome gen-
erally restricted to the pediatric population. Many cases of 
DMS are associated with genetic mutations in podocyte genes, 
placing this syndrome within the spectrum of podocyte dis-
eases. Furthermore, podocytes in these disorders manifest 
varying degrees of immaturity and exhibit a proliferation 
marker, which could either represent preserved proliferative 
potential or enhanced replacement by podocyte stem cells. 

 Presentation and Epidemiology 
 The clinical presentation of FSGS is highly variable. 
 Nephrotic range proteinuria is seen in approximately 90% 
of children and 70% of adults, 758  although the fraction of 
nonnephrotic patients in a particular practice will clearly 
depend on the inclination of the nephrologist to perform 
a renal  biopsy in the setting of subnephrotic proteinuria. 
Common associated features include microscopic hematu-
ria (55% children, 45% adults) and renal insuf  ciency (20% 
children, 30% adults). 758  

 FSGS is now the leading cause of primary nephrotic 
syndrome among adults, as shown by a review of renal 
 biopsy archives from Chicago; 9  Spring  eld, Massachusetts; 
and New York. 381  Therefore, it has replaced membranous 
 nephropathy as the leading cause of adult nephrotic syn-
drome in the United States, with a relative incidence of 30% 
to 40% among patients undergoing renal biopsy. 

 A similar pattern has been seen among children. In 
Houston, FSGS was present in 35% of renal biopsies in 
children with primary nephrotic syndrome prior to 1990, 
rising to 47% (and the leading diagnosis) among biopsies 
performed after 1990. 760  In India, the prevalence of FSGS on 
kidney biopsy rose from 20% to 47% during the 1990s. 761

In South Africa, over the period from 1970 to 1995, FSGS 
as a cause of nephrotic syndrome rose from 2% to 20% 
among Indian children and from 5% to 28% among  African 
 children. 762  Among children in Ontario (with a largely 
 Caucasian  population), who represent a closed population 
evaluated by a single pathology center, FSGS now represents 
18% of the renal biopsies performed for nephrotic syndrome. 
This is a 2.5-fold increase in incidence, from 0.37 cases per 
100,000 during 1985 to 1993 to 0.94 from 1993 to 2002. 763

Furthermore, FSGS remains a leading cause of ESRD in chil-
dren aged 0 to 19. 764  Over the period from 1999 to 2002, 
4,859 children progressed to ESRD; in 1,262 children, the 
cause was glomerulonephritis, of which 592 cases were FSGS 
( representing 47% of glomerulonephritis ESRD and 12% of 
all ESRD in children). By comparison, other major ESRD cat-
egories included “other cause” (including chie  y congeni-
tal renal and urologic abnormalities), 1,262  children; and 
“missing or unknown cause,” 670 children. 

 To date, there has not been a population-based study 
of FSGS incidence in the United States, because incidence 

FIGURE 52.9 Relative incidence of focal segmental glomeru-
losclerosis (FSGS) as a cause of adult nephrotic syndrome. 
The fraction of adult nephrotic syndrome attributed to FSGS 
(which probably includes collapsing glomerulopathy in most 
or all  series) is presented in select countries. UAE, United Arab 
 Emirates; US, United States.
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of glomeruli, affecting   rst the juxtamedullary glomeruli. 
Heptinstall, 776  in the 1966 edition of his renal pathology 
textbook, con  rmed that some patients with lipoid nephro-
sis had hyalinization of the glomerular tuft, particularly af-
fecting the juxtamedullary glomeruli. McGovern 777  and 
Hayslett et al. 778  showed that in some patients whose initial 
renal biopsy was consistent with MCN, a later renal biopsy 
showed FSGS. In 1970, two reports demonstrated that FSGS 
was the second most common cause of nephrotic syndrome 
in children. 435,436  Thus, by 1970, it was clear that FSGS was 
a distinct and common glomerular disease. 

 Classically, the pathologic abnormalities affect only 
some glomeruli (focal), with only part of the glomerular 
tuft involved (segmental). There may be accumulation of 
acellular hyaline subendothelial deposits within glomerular 
capillaries; these represent the insudation of plasma pro-
tein below an injured endothelium. Tubular atrophy and 
interstitial in  ammatory in  ltrates are common. 435  The   rst 
glomeruli affected are those located near the medulla. As a 
consequence, an early or super  cial renal biopsy may miss 
the lesion. Furthermore, an evaluation of sclerosis on the 
basis of one section or a few sections, as is typical of routine 
pathologic analysis, will signi  cantly underestimate the frac-
tion of glomeruli that are affected. 779,780  

 Immuno  uorescence microscopy may demonstrate IgM 
and C3 deposits in a granular pattern, particularly within 
affected sclerotic segments. 781  Unaffected glomerular ar-
eas also may reveal IgM and C3 in a mesangial distribu-
tion. Electron microscopy shows epithelial cell foot-process 
 effacement that in patients with heavy proteinuria is diffuse 
and involves areas of the glomeruli that do not demonstrate 
sclerosis. Mesangial hypercellularity is present variably. In 
a patient with otherwise normal glomeruli, the presence of 
glomerular hypertrophy, focal interstitial   brosis, or tubular 
atrophy may re  ect FSGS that is not present in the glomeruli 
that are sampled in the renal biopsy. 782  

 The incidence of FSGS in a subsequent biopsy when 
the original biopsy shows apparent MCN has varied from 
less than 10% to more than 40% in individual studies, 722  
which may re  ect whether each report presents a primary or 
 referral population. 

suggested that Africans are more likely to progress to ESRD 
than are those of other races by a factor of approximately 
two- to fourfold. Chromosome 22–associated FSGS pro-
gresses more quickly to ESRD. 773  The chromosome 22 vari-
ants are fairly common in the African American population, 
and most individuals with two risk copies do not develop 
CKD; this suggests that additional genetic and/or environ-
mental factors contribute. The chromosome 22   ndings 
are discussed further in the section on FSGS susceptibility 
genes later in this chapter. 

 Interestingly, there also is a racial difference in the age of 
onset of FSGS ESRD (Fig. 52.11). In Africans, the incidence 
peaks in the early 50s, whereas in Caucasians, the incidence 
peaks two decades later (when there is a second peak among 
Africans). 

 Histopathology 
 Fahr, 774  writing in 1925,   rst noted that patients with lipoid 
nephrosis who progress to renal failure showed focal glo-
merular damage. In 1957, Rich 775  examined autopsy tissues 
from 20 children with nephrotic syndrome and otherwise 
typical lipoid nephrosis and described progressive sclerosis 

FIGURE 52.10 Racial differences (cases per million 
population per year) in focal segmental glomeru-
losclerosis (FSGS) end-stage renal disease (ESRD) 
in the United States. The annual incidence of ESRD 
 attributed to FSGS for the years 1995 to 2000 are 
shown.

FIGURE 52.11 Incidence of focal segmental glomerulosclerosis 
(FSGS) end-stage renal disease (ESRD) by age and race in the 
United States. The incidence of ESRD (cases per million popula-
tion per year) attributed to FSGS is presented by age and race; 
data from the USRDS. (Reprinted from: Kitiyakara C, Kopp JB, 
Eggers P, et al. Trends in the epidemiology of focal segmental glo-
merulosclerosis. Semin Nephrol. 2003;23:172, with permission.)
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at the time of diagnosis. All of these comments point out the 
limitations of relying on clinical factors in determining patho-
logic diagnosis, or conversely, determining disease based solely 
on histopathology. This issue may be successfully addressed by 
new molecular diagnostic techniques, which may improve the 
accuracy of a clinical diagnosis and may generate more useful 
classi  cation schemes in the future. Immunostaining to evaluate 
protein expression is one approach. For example, dystroglycan, 
a podocyte membrane protein contributing to cellular adhesion 
to the GBM, is reduced in MCN but not in FSGS. 445  Another 
approach is quantitative analysis of RNA extracted from micro-
dissected glomeruli. Schmid and colleagues 787  showed that the 
ratio of podocin/synaptopodin mRNA distinguished MCN from 
FSGS and predicted steroid responsiveness in cases where the 
distinction of MCN from FSGS was uncertain. 

 Columbia Classi  cation 
 D’Agati and colleagues 786  have proposed a working clas-
si  cation (the Columbia classi  cation) for primary FSGS, 
which comprises   ve categories: collapsing variant, tip le-
sion, cellular lesion, perihilar variant, plus a   nal category 
for those cases that do not have the diagnostic criteria for 
the other categories, not otherwise speci  ed (NOS), corre-
sponding to classic FSGS (Table 52.8, Fig. 52.12). 

 Histopathologic Variants: FSGS and 
Collapsing Glomerulopathy 
 It is now clear that the spectrum of primary podocyte diseases 
(MCN, DMS, FSGS, and collapsing glomerulopathy) represent 
several histopathologic patterns, each including multiple dis-
ease entities. The relationships among these entities remain 
enigmatic; we present one schema (Table 52.2). In that schema, 
we have excluded disorders that might otherwise be placed in 
the MCN/FSGS spectrum, such as idiopathic nodular sclero-
sis, which has been proposed to have a vascular etiology. 783

Others have presented parallel but distinct approaches. 784–786  
 The existing classi  cation schemes for the primary podo-

cyte diseases, including the one presented here, rely on a mixture 
of morphologic, immunologic, genetic, and historical criteria in 
ways that are not ideally integrated. Importantly, the presence 
of a risk factor for a diagnostic entity in a particular case under 
investigation will not always mean that that particular factor has 
been responsible. Therefore, although obese patients are at in-
creased risk to develop adaptive FSGS, they remain at some risk 
for other FSGS variants. Likewise, many patients with FSGS have 
hypertension, and distinguishing hypertension-associated FSGS 
from other variants can be problematic. As a practical matter, 
information about genetic history and the presence of relevant 
comorbid conditions may not be available to the  pathologist 

TA B L E

Columbia Classi  cation of the Morphologic Variants of Focal Segmental Glomerulosclerosis52.8

Variant  Positive Criteria  Negative Criteria

FSGS, not 
otherwise 
speci  ed

■    At least one glomerulus with segmental increase in matrix obliterating the 
capillary lumina

■  There may be segmental GBM collapse without podocyte hyperplasia

Exclude other de  ned 
 variants that 
follow

Perihilar 
variant

■    At least one glomerulus with perihilar hyalinosis, with or without hyalinosis
■    Perihilar sclerosis and hyalinosis involving  50% of  segmentally sclerotic 

glomeruli

Exclude cellular, tip, 
and  collapsing 
variants

Cellular 
variant

■    At least one glomerulus with segmental endocapillary  hypercellularity 
occluding lumina, with or without foam cells and karyorrhexis

Exclude tip and 
collapsing variants

Tip variant ■    At least one segmental lesion involving the tip domain (outer 25% of the 
tuft next to the origin of the proximal tubule)

■  The tubular pole must be identi  ed in the de  ning lesion
■    The lesion must have either an adhesion or con  uence of podocytes with 

parietal or tubular cells at the tubular lumen or neck
■  The tip lesion may be sclerosing or cellular

Exclude collapsing 
variant

Exclude if any 
glomeruli show 
 perihilar sclerosis

Collapsing 
variant

■    At least one glomerulus with segmental or global collapse and podocyte 
hypertrophy or hyperplasia

No exclusions

The   ow of diagnostic decision making begins at the bottom, as the pathologist diagnoses or excludes collapsing variant, then tip variant, then cellular 
variant, then perihilar variant, and,   nally, FSGS not otherwise speci  ed. 
FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane.
Adapted from D’Agati V. Pathologic classi  cation of focal segmental glomerulosclerosis. Semin Nephrol. 2003;23:117; and D’Agati VD, Fogo AB, Bruijin JA, 
et al. Pathologic classi  cation of focal segmental glomerulosclerosis: a working proposal. Am J Kidney Dis. 2004;43:368.
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 The glomerular tip variant of primary FSGS is de  ned 
by the presence of at least one glomerulus with a segmental 
scar involving the glomerular tuft adjacent to the proximal 
tubule. The collapsing variant must be excluded (it would 
take precedence over the diagnosis of the tip variant). Most 
tip variants have increased cellularity as well as the required 
sclerosis. Mesangial hypercellularity may be present. Perihi-
lar sclerosis cannot be present but other peripheral (nontip, 
nonhilar) lesions containing IgM and C3 may be present 
within the tip lesion. Heavy proteinuria and extensive foot-
process effacement is typically present. 

 The cellular variant of primary FSGS has had a compli-
cated history. Grishman and Churg 788  described the ultra-
structure of 16 patients with FSGS and found that 5 patients 
had podocyte abnormalities, including cellular degeneration 
and detachment, together with glomerular capillary col-
lapse; 3 of these patients exhibited rapid clinical deteriora-
tion. Schwartz and Lewis 789  coined the term  cellular lesion of 
FSGS . The original cellular de  nition included segmental or 
global hypercellularity (representing proliferation and/or in-
  ltration, or hypercellularity within the Bowman space over-
lying a segmental scar or a capillary collapse). Thus, many 
of these cases meet the Columbia criteria for collapsing vari-
ant. In the Columbia framework, the diagnosis of a cellular 
variant requires the presence of endocapillary proliferation 

 An evaluation of the renal biopsy requires immunologic 
and ultrastructural studies to exclude other disease entities. 
The Columbia classi  cation of FSGS variants is based solely 
on a semiquantitative analysis of morphology by light mi-
croscopy. There is no minimum glomerular number required 
in order to make a diagnosis, but obviously diagnostic accu-
racy will increase with a larger sample size. A single glomer-
ulus with the de  ning characteristic   ndings is suf  cient, as 
long as the other criteria are met. This classi  cation scheme 
was not speci  cally designed to serve clinical or research 
purposes, but rather to address both needs. 

 The collapsing variant of primary FSGS is de  ned by 
the presence of at least one glomerulus with segmental or 
global collapse  and  with podocyte hypertrophy or hyperpla-
sia. Thus, podocyte changes alone are  insuf  cient to make 
the diagnosis (such   ndings would indicate  cellular FSGS). 
This entity is termed primary collapsing  glomerulopathy in 
Table 52.2. HIV-associated collapsing  glomerulopathy has 
an identical histologic appearance, so that the  appearance 
of classic or other forms of FSGS in a patient with HIV-
1 infec tion is suf  ciently unusual to raise the issue of 
 coincidental primary FSGS. Both idiopathic collapsing FSGS 
and HIV-associated FSGS are frequently associated with 
tubulointerstitial  injury and   brosis that is out of proportion 
to the extent of  glomerular involvement. 

FIGURE 52.12 Variants of focal 
 segmental glomerulosclerosis: the 
 Columbia classi  cation. This classi  ca-
tion was developed for diagnostic 
purposes and involves the stepwise 
consideration of collapsing variant 
(coll), tip lesion (tip), cellular variant 
(cell), perihilar variant (perih), and FSGS 
not otherwise speci  ed (NOS). (Figure 
reproduced from D’Agati V, Fogo AB, 
Bruijn JA, et al. Pathologic classi  cation 
of focal segmental glomerulosclerosis: 
a working proposal. Am J Kidney Dis. 
2004;368:43, with permission.)
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controversial. Chun and colleagues 794  note that in their 
terminology, the cellular lesion includes collapsing FSGS, 
whereas the Columbia classi  cation includes cellular lesion 
and collapsing FSGS as distinct entities. Stokes and col-
leagues 791  reported a series of 22 patients with cellular vari-
ants and suggested that both the response to treatment and 
the rate of progression to ESKD are intermediate between 
those for tip lesions and for collapsing variants. 

 Second, and related to the previous issue, the impor-
tance of different forms of podocyte injury has become ap-
parent as we have developed a new understanding of the 
biologic processes underlying FSGS (podocyte depletion) 
and collapsing glomerulopathy (proliferation of podocytes, 
or more likely, podocyte precursors, but referred to as podo-
cytes here for simplicity). Morphologically, podocyte prolif-
eration is characteristic of the collapsing variant, but must 
be coupled with capillary loop collapse for the diagnosis to 
be determined. When capillary loop collapse is absent and 
podocyte changes are coupled with endothelial cell prolifer-
ation, the diagnosis of a cellular lesion is made. Thus, when 
podocyte hyperplasia is present, the diagnosis depends on 
whether capillary collapse or endocapillary proliferation is 
present. 795  The biologic rationale for this distinction is not 
immediately clear, because we do not understand the mech-
anisms responsible for glomerular collapse. If further studies 
indicate that the podocyte phenotype is similar in collapsing 
FSGS and those cases of cellular variant FSGS with podocyte 
hyperplasia, and that the responses to therapy and prognosis 
are also similar, it is probably more logical to combine these 
categories. 

 Third, the stability of classi  cation when serial biop-
sies are performed needs to be de  ned by further research. 
The few studies available suggest that patients may change 
diagnostic categories on subsequent biopsies (discussed in 
the subsequent text). Future studies involving serial renal 
biopsies of FSGS patients would be an essential starting 
point. Careful consideration must be given as to whether 
these events represent disease evolution (category change) 
or disease progression (progressive scarring), and what the 
implication for the classi  cation system might be. 

 Fourth, interrater reliability needs to be rigorously eval-
uated by practicing pathologists to ensure that the existing 
diagnostic framework yields reproducible results. Finally, 
the ability of diagnostic categories to make predictions as 
to etiology and prognosis, based solely on morphology and 
independent of clinical history, must be tested both retro-
spectively and prospectively on patient cohorts drawn from 
diverse ethnic and racial populations. Despite these consid-
erations, the Columbia classi  cation remains an excellent 
starting point, providing a common set of diagnostic criteria 
with which the   eld can advance. 

 A Revised Taxonomy for the Podocytopathies 
 Barisoni and colleagues 12,13  have proposed an alternative ap-
proach, based not only on morphology but also on our cur-
rent understanding of disease pathogenesis. This  taxonomy 

(segmental or global) in at least one glomerulus; these le-
sions include endothelial cells, macrophages, and foam 
cells. Podocyte hypertrophy and hyperplasia may be pres-
ent. Mesangial hypercellularity may also be present but is 
uncommon. Consequently, the focus of the Columbia de  -
nition of cellular variant has shifted away from podocytes 
to endocapillary cells, although abnormalities of both cel-
lular compartments may be present. A tubulopathy is pres-
ent that may be disproportionate to the extent of glomerular 
involvement. This may include afocal microcystic dilation 
and tubular epithelial cells manifesting acute injury (includ-
ing focal acute tubular necrosis), regeneration, and chronic 
injury (cellular atrophy and thickening of the tubular base-
ment membrane). A tip variant and a collapsing variant must 
be excluded (these diagnoses would take precedence over 
the cellular variant). 

 The Columbia classi  cation makes the perihilar variant 
a formal diagnostic entity. This variant is diagnosed when 
perihilar hyalinosis is present in one or more glomeruli and 
perihilar sclerosis and/or hyalinosis is present in at least 50% 
of segmentally sclerotic glomeruli. Hyalinosis represents the 
accumulation of glassy, homogeneous, eosinophilic material 
within the capillary wall and is believed to consist of plasma 
proteins. In the remnant rat model, hyalinosis appears   rst 
as the accumulation of periodic acid-Schiff (PAS)-positive 
and electron-dense material beneath damaged glomerular 
capillary endothelial cells, with later expansion and en-
croachment on the capillary lumen. 790  Glomerulomegaly is 
common, although approaches to quantify glomerular size 
in clinical samples are fraught with dif  culty. The perihilar 
variant is commonly associated with  adaptive  FSGS (de  ned 
in subsequent text). Cellular variant, tip variant, and collaps-
ing variants must be excluded (these diagnoses would take 
precedence over perihilar variant). 

 The most common variant of FSGS (NOS) may include 
features of any of the prior variants, but lacks suf  cient crite-
ria to make a more speci  c diagnosis. The term  classic FSGS  
would include FSGS NOS. 

 Since the publication of the Columbia classi  cation of 
FSGS, several groups have compared presentation and out-
comes using these de  nitions in adults, including groups 
from Columbia 791  and Chapel Hill 792  and in children 793  
these reports suggest that the classi  cation does have some 
degree of clinical validity. 

 The Columbia classi  cation represents a very important 
step forward in the process of developing a robust, consis-
tent, and clinically useful diagnostic classi  cation system for 
FSGS. By laying out consensus diagnostic criteria for FSGS 
for the   rst time, D’Agati and colleagues 786  have framed the 
issues that the   eld will address in the coming years. As the 
authors recognize, this is a working proposal that will almost 
certainly undergo revision. The next iteration might usefully 
address some of the following issues, and may well make 
use of molecular markers to re  ne the classi  cation system. 

 First, the relationship between the cellular variant and 
the collapsing FSGS (collapsing glomerulopathy) remains 
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 reaching a diagnosis is that patients with obesity, hyperten-
sion, and other disorders might present with either primary 
FSGS or adaptive FSGS. Because these entities may have 
different responses to therapy, particularly immunosuppres-
sive therapy, the distinction becomes important. Three ap-
proaches are available at present. 

 First, adaptive FSGS may manifest less foot-process 
 effacement than primary FSGS. Chiang et al. 797  studied  renal 
biopsies obtained from 30 children and found that the  extent 
of foot-process effacement was similar in MCN (63%     21%), 
FSGS (70%     25%), and MCN that subsequently evolved 
into FSGS (56%     23%). The large standard  deviation sug-
gests that many patients in all three disease  categories had 
   50% effacement. Furthermore, the extent of foot-process 
effacement did not correlate with proteinuria, although only 
15 patients were included in the analysis. Kambham and 
colleagues 798  de  ned obesity-associated glomerulopathy as 
glomerulomegaly in the setting of BMI    30 kg per square 
meter, with or without FSGS. They found that obesity-
associated glomerulomegaly cases had a mean foot-process 
effacement of 40% (range, 10% to 100%), whereas primary 
FSGS patients had mean foot-process effacement of 75% 
(range, 30% to 100%). Importantly, although there were 
signi  cant differences in the group means, there was much 
overlap, so the use of particular diagnostic criteria (such as 
podocyte foot-process effacement    50% in the former and 
   50% in the latter) is limited. 786  

 Second, the initial lesion in adaptive FSGS is preferen-
tially localized to the hilum. Rat models of FSGS that are 
characterized by increased transcapillary hydraulic pressure 
are associated with predominant or exclusive perihilar scle-
rosis. This is probably explained by the observation that the 
  rst capillary branches of the afferent arteriole are the larg-
est, and thus by Laplace’s law, these branches would have the 
highest wall tension and would be the most susceptible to 
podocyte injury. 799,800  The problems in clinical use are that 
correctly identifying the location of the sclerosis, even with 

is in  uenced by clinical history, causal associations, and the 
potential presence of associated genetic mutations. Impor-
tantly, the disease categories outlined in Table 52.2 are deter-
mined by a relative podocyte number (Fig. 52.13). Because 
these are likely to re  ect the podocyte response to injury, 
each category presumably represents a de  ned area of similar 
pathogenic mechanisms or cellular response to injury. Thus, 
in MCN, the podocyte number is relatively neutral, whereas 
FSGS is characterized by podocytopenia. Patients with dif-
fuse mesangial sclerosis manifest mildly increased podocyte 
numbers, and collapsing glomerulopathy is characterized 
by a signi  cant degree of podocyte (or podocyte precursor) 
proliferation, accompanied by markers of epithelial cell de-
differentiation and proliferation. 12,13  Recent data suggest that 
at least some of these epithelial cells may be derived from the 
parietal rather than the visceral epithelium. 796  Importantly, 
differences in pathogenesis would, in turn, suggest the need 
for mechanism-speci  c treatments. 

 Adaptive Focal Segmental 
Glomerulosclerosis 
 Adaptive  FSGS  includes those forms of FSGS that are 
 believed to arise as a consequence of structural adapta-
tion ( glomerular hypertrophy) and functional adaptation 
( glomerular hyperperfusion and hyper  ltration) to either 
reduced nephron mass or particular disease states (obesity, 
sickle cell anemia, cyanotic congenital heart disease, and oth-
ers). The term  secondary FSGS  has also been used to  describe 
this form of FSGS, although the term sometimes has been 
extended to HIV-associated nephropathy, to drug-associated 
FSGS, and to segmental scarring arising in proliferative glo-
merulonephritis; these varied uses have diminished the use 
of the term. 

 The diagnosis of adaptive FSGS remains a challenge. 
Ideally, the diagnosis would be made on pathologic grounds 
alone. The problem with relying on clinical factors in 

Podocyte  Injury

Collaps e

FIGURE 52.13 Different diagnoses among the primary 
podocytopathies are distinguished by the relative num-
ber of podocytes present in the lesion. These differences 
suggest that each one of these diseases represents a 
distinct pathogenic mechanism. LM, light microscopy; 
MCN, minimal change nephropathy; FSGS, focal segmen-
tal glomerulosclerosis; DMS, diffuse mesangial sclerosis; 
CG, collapsing glomerulopathy. Adapted with permission 
from Barisoni L, Schnaper HW, Kopp JB. (Advances in the 
biology and genetics of the podocytopathies: implica-
tions for diagnosis and therapy. Arch Pathol Lab Med. 
2009;133:201–216.)

1460



CHAPTER 52 ■ NEPHROTIC SYNDROME AND THE PODOCYTOPATHIES 1461

  eld to highlight the central role of podocytes in FSGS and 
collapsing glomerulopathy. A signi  cant gap is the absence of 
generally accepted animal models for MCN, idiopathic clas-
sic FSGS, or recurrent FSGS after renal transplantation. 

 Available animal models include experimentally induced 
disease, 805–817  spontaneous genetic models, 799,818–827  null 
mutation animals, 828–838  and transgenic animals. 835,839–857  
Each model has particular strengths and limitations and re-
  ects a certain portion of the spectrum of human podocyte 
disease. The interested reader is referred to the provided ref-
erences; here we will consider the pathogenesis of FSGS and 
collapsing glomerulopathy by considering the structural and 
functional processes involved, rather than a detailed review 
of particular molecular pathways. 

 A critical aspect of these models is disordered podocyte 
function. Direct injury to the podocyte underlies many of the 
animal models of glomerulosclerosis, including toxic injury 
(Adriamycin, puromycin aminonucleoside [PAN]), prolifera-
tion (  broblast growth factor [FGF]-2 administration), viral 
gene expression (HIV-1 accessory genes, SV40 T antigen), 
and gene ( NPHS2 ,  CD2AP ,  ACTN4 ) deletion or modi  ca-
tion. Podocyte stress likely contributes in models of adaptive 
FSGS associated with nephron loss (remnant nephron, aging 
plus uninephrectomy, bromo-ethylamine–induced papillary 
 necrosis). The genetic rat models demonstrate the importance 
of systemic and glomerular hypertension and hyperlipidemia, 
although the restriction of these traits to particular strains 
suggests that particular genetic loci are required for the full 
interaction of the hypertension and lipids with renal injury. 

 Glomerular Adaptation: Glomerular 
Overload and Glomerulomegaly 
 A reduction in nephron mass is a well-established model of 
adaptive FSGS in experimental animal models. In 1952, Platt 
and colleagues 858  noted in rats subjected to 5/6 nephrectomy, 
creatinine clearance fell to a lesser degree than the reduction 
in renal mass would predict. Subsequently, Shimamura and 
Morrison 816  and Morrison and Howard 859  reported similar 
  ndings using inulin clearance and went on to suggest that 
hyper  ltration might play a role in glomerulomegaly, podo-
cyte hypertrophy, and the subsequent  appearance of glomeru-
losclerosis. In 1981, in a highly in  uential study, Hostetter et 
al. 810  demonstrated that the remnant nephron model is char-
acterized by increased single nephron glomerular    ltration 
rate (SNGFR), due to increased transcapillary hydraulic 
pressure. The glomerular overload (or glomerular hyper-
  ltration) hypothesis states that some feature of adaptation 
to reduced renal mass, including possibly hyperperfusion, 
 hyper  ltration, glomerulomegaly, and/or podocyte mechani-
cal stretch, underlies some forms of FSGS and accounts for 
the progressive nature of chronic kidney disease in general. 

 In human subject s, the removal of one kidney (e.g., 
 donor nephrectomy) is not associated with an increased risk 
of renal disease after long-term follow-up. There is a  poorly 
de  ned boundary of minimal renal mass, below which 

multiple sections, and the number of glomeruli available 
for study is limited. (It remains to be determined whether 
the perihilar variant of primary FSGS also arises as a conse-
quence of glomerular overload from an unrecognized risk 
factor or biologic process. In this context, it would be inter-
esting to see a detailed analysis of the clinical and  physiologic 
characteristics of these patients.) 

 Third, glomerulomegaly can be demonstrated by  direct 
measurement of glomerular size. D’Agati et al. 786  have pro-
posed de  ning glomerulomegaly as 1.5-fold increase in glo-
merular diameter over controls (comparable to a 2.5-fold 
increase in glomerular area and 3.4-fold increase in glomerular 
volume, assuming that the glomerulus is a sphere).  Kambham 
and colleagues 798  have also de  ned glomerulomegaly as aver-
age glomerular diameter    180    m, based on a study of four 
biopsy levels and the measurement limited to glomeruli in 
which the hilus was identi  ed. In normal controls, glomeru-
lar diameter averaged 168    m (range, 138 to 186    m), and 
in obese subjects with glomerulomegaly,  glomerular  diameter 
averaged 226    m (range, 172 to 300    m). 

 Therefore, presently available methods to identify adap-
tive FSGS include determining the fraction of glomeruli with 
perihilar sclerosis and measuring glomerular size. Needed are 
prospective studies evaluating each of these approaches, and 
de  ning the receiver-operating characteristic (ROC) curves 
for the diagnostic thresholds. Even with these data, a major 
limitation remains the requirement for suf  cient numbers of 
intact glomeruli. An important research goal will be to iden-
tify molecular markers that re  ect the glomerular adaptation; 
these might include proteins that are upregulated by podo-
cytes or mesangial cells in response to mechanical stress. 

 Diffuse Mesangial Sclerosis and 
Related Disorders 
 Diffuse mesangial sclerosis represents a small fraction of 
pediatric renal biopsies (0.9% in India) 801  and all-age  renal 
biopsies (0.45% in the United States). 802  In the pediat-
ric population, many cases are associated with  WT1  and 
 LAMB2  mutations, as discussed elsewhere in this chap-
ter. Some  cases seen in children and adults are idiopathic. 
 Unidenti  ed  genetic mutations may contribute. Two adult 
cases have been reported in association with multiple my-
eloma. 803  One note of diagnostic caution is that it may be 
dif  cult to  exclude advanced FSGS in renal biopsies lacking 
glomeruli with segmental sclerosis. 

 Disease Mechanisms of FSGS and 
Collapsing Glomerulopathy 
 Animal Models 
 A number of animal models have been used to delineate the 
mechanisms of FSGS and collapsing glomerulopathy, as has 
been reviewed recently. 804  These models have been crucial 
for elucidating mechanisms, particularly for adaptive FSGS, 
HIV-associated collapsing glomerulopathy, and most recently, 
for genetic causes of FSGS. In particular, they have led the 
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primarily with an increase in capillary diameter. 883  Kidneys 
showing greater numbers of sclerotic glomeruli (more ad-
vanced disease), however, showed greater capillary length-
ening, whereas there was no relationship between extent of 
sclerosis and capillary diameter. In conclusion, (1) the results 
in rats and humans show similar age-dependent patterns, 
with capillary lengthening predominantly in the young in-
dividual and capillary lumen increase predominating in the 
mature individual, and (2) the results in adults with FSGS 
suggests that the increase in capillary lumen diameter may 
occur early (as a consequence of unknown mechanisms) and 
capillary lengthening may later occur in response to reduced 
functional nephron mass. 

 Glomerulomegaly is also present in experimental and 
clinical settings characterized by glomerular overload (de-
  ned as an increase in glomerular blood   ow, or glomeru-
lar   ltration, or both). These settings include obesity, sickle 
cell anemia, and cyanotic congenital heart disease. Thus, in 
obese patients with glomerular disease and proteinuria, the 
mean glomerular diameter has been reported as 226    m 
(range, 172 to 300    m), compared to a mean of 168    m 
(range, 138 to 186    m) in age-matched normal subjects, 798  
and 256    m (range, 192 to 280    m). 884  

 Glomerular Overload: Hyperperfusion and Hyper  l-
tration. Glomerular hyperperfusion and hyper  ltration 
are present at the  single nephron level  in animal models of 
reduced nephron mass. Under normal circumstances in 
the rat, the pressure gradient across the glomerular capil-
lary wall (P GC ) is approximately 50 mm Hg and SNGFR is 
approximately 30 nL per minute; in the remnant nephron 
model P GC  exceeds 60 mm Hg and SNGFR exceeds 60 nL 
per minute. 810  Furthermore, glomerular hyper  ltration is 
present at the  whole kidney level  early in the disease course in 
experimental models of adaptive FSGS and most, if not all, 
human forms of adaptive FSGS. 

 Conversely, there are several experimental settings 
where glomerular hyperperfusion, glomerular hyper  l-
tration, glomerulomegaly, and FSGS are less closely cor-
related. Yoshida et al. 885  compared two rat models, both 
with 1/3 left nephrectomy; in one group, the right kidney 
was removed and in the other group, the right ureter was 
diverted into the peritoneum. SNGFR and P GC  increased to 
an equivalent degree in both models, but glomerulomegaly 
and glomerulosclerosis were blunted (although present) in 
the urinary diversion group. Thus, remnant nephrons in 
the left kidney acted differently in the presence of a   lter-
ing but nonexcreting right kidney. It remains unclear by 
what mechanism the remnant nephrons apparently sense 
total body functioning nephron mass; perhaps a circulat-
ing molecular product of glomerular cells contributes. 
In any case, although this experiment suggests caution 
in assuming that hyper  ltration will necessarily lead to 
glomerulomegaly and FSGS, the urinary diversion model 
has uncertain relevance to clinical situations involving glo-
merular adaptation. 

 patients are at risk for progressive renal disease. It is quite 
possible that the boundary differs among patients based 
on various factors, including nephron endowment. Novick 
et al. 860  studied 14 patients who had a solitary kidney and 
then underwent partial nephrectomy for cancer, with 25% 
to 75% of the solitary kidney having been removed. Five pa-
tients subsequently developed proteinuria, including three 
with biopsy-proven FSGS. 861  

 The Barker hypothesis proposes that prenatal program-
ming in  uences fetal development in ways that in  uence 
adult susceptibility to diseases, including hypertension, 
coronary heart disease, and type 2 diabetes. 862  Considerable 
variability in nephron endowment has been noted, rang-
ing from 200,000 to 2.5 million glomeruli per kidney, with 
the median value being around 1 million. 863  The Brenner 
corollary of the Barker hypothesis proposes that a reduced 
number of nephrons at birth predisposes one to hyperten-
sion and progressive renal disease during adult life. 864  Low 
birth weight may be a predictor of low nephron number, 865  
although studies in various human populations have come 
to discrepant   ndings. 866,867  Studies support a relationship 
between low birth weight and essential hypertension 868  and 
between low birth weight and ESRD (odds ratio, 1.4 for birth 
weight    2.5 kg compared to birth weight 3 to 3.5 kg). 869  
One small series has suggested an association of FSGS with 
low birth weight, 870  but this   nding may represent a gen-
eral tendency for increased chronic kidney disease (CKD) in 
adults who had low birth weight. 871–873  rather than a speci  c 
causal factor in FSGS. 

 Glomerulomegaly. Human glomeruli increase in size 
during childhood, with mean diameters increasing from 
112    m at birth to 167    m at age 15, as assessed in an 
autopsy study where maximal glomerular diameter was 
measured. 874  In normal kidney donors aged 24 to 53, mean 
glomerular area was not correlated with age or sex. 875  When 
assessed by microdissection, mean glomerular diameter re-
mains stable until about age 40 to 50, after which there is a 
modest decline. 876  The mechanism of age-associated decline 
in glomerular diameter is unknown, but could be due to 
an increasing fraction of obsolescent glomeruli. By contrast, 
children with FSGS have increased glomerular size and there 
is no correlation with age. 877  

 Glomerulomegaly is a hallmark of adaptation to re-
duced nephron mass. Glomerular enlargement may arise as 
a consequence of widening of the glomerular capillaries, in-
creasing glomerular capillary length, or some combination 
of both. Experimental rat models suggest that both mecha-
nisms  occur with adaptation to reduced renal mass at differ-
ent ages. In  young rats,  there are large increases in capillary 
length and only small increases in capillary diameter. 878,879  
In  older rats , the major change is increased capillary diam-
eter. 880,881  In  children  undergoing uninephrectomy in the 
setting of re  ux nephropathy, the nephrectomized kidney 
shows glomerulomegaly without increased capillary diam-
eters. 882  In  adults  with FSGS, glomerulomegaly is associated 
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 Podocyte Depletion Hypothesis 
 The podocyte depletion hypothesis proposes that an abso-
lute or relative reduction in podocyte number is a critical 
process in the initiation or progression of FSGS of all types. 
Also, it now appears that podocyte depletion also is present 
in other glomerular diseases, including diabetic nephropa-
thy 899  and primary glomerulonephritis, 900  and may promote 
sclerosis in these settings. 

 Podocytes are postmitotic cells in the normal human 
kidney. In a study of 164 kidneys, podocyte mitoses were 
found in one kidney (the diagnosis was given as FSGS) and 
binucleate cells were found in four kidneys (FSGS, lupus 
nephritis, and IgA nephropathy). 901  In a seminal study, Fries 
et al. 902  noted that in rats subjected to 3/4 nephrectomy plus 
Adriamycin, the remnant nephrons undergo compensatory 
hypertrophy, more than doubling tuft volume. As part of 
this process, endothelial cells and mesangial cells proliferate 
but podocytes do not. As podocyte volume density declines, 
each podocyte must cover a larger capillary surface area. 
Areas of podocyte detachment were present, particularly in 
areas of segmental sclerosis. Extending these studies to hu-
man renal biopsies, Bhathena 903  found that the unit distance 
of GBM covered by podocytes increased in oligomeganeph-
ronia, unilateral renal agenesis with FSGS (but not unilateral 
renal agenesis without FSGS), uninephrectomy with FSGS 
(but not uninephrectomy without FSGS), and renal trans-
plantation with late (nonrecurrent) FSGS (but not without 
FSGS). Together, these   ndings describe a model in which 
either a loss of podocytes (primary FSGS) or increased cap-
illary length or size (adaptive FSGS) decreases the ratio of 
podocytes to capillary surface area, with podocyte hypertro-
phy in response. In support of this model, reduced podo-
cyte numbers are present in children with FSGS compared 
to those with MCN. 877  More recently, evidence has been 
presented that there is a limited capacity for podocyte re-
plenishment, with the source being stem cells located in the 
parietal epithelium (reviewed in Romagnani 904 ) 

 Evolution of Segmental Sclerosis: 
The Misdirected Filtration Hypothesis 
 Kriz and Lemley 800,905,906  have proposed an intriguing model 
of misdirected glomerular   ltration to explain the propensity 
for segmental sclerotic scars of FSGS to expand, to progress 
to global sclerosis, and to be associated with tubular dam-
age and interstitial in  ammation. This model was developed 
from an intensive study of rat models of FSGS, including the 
hypertensive Fawn hooded rat and the normotensive Milan 
rat, with more limited studies of human FSGS. 

 The process begins when one or more podocytes un-
dergo apoptosis or necrosis, or loses adhesion and is released 
into the Bowman space. Naked GBM tends to lie in apposi-
tion to the parietal cells lining the Bowman capsule, perhaps 
due to the ballooning of the glomerular capillary in response 
to the loss of mechanical restraint consequent to podocyte 
loss or perhaps due to a response on the part of the parietal 

 Furthermore, glomerular hyperperfusion and hyper-
  ltration clearly are not essential for the development of 
all forms of FSGS. In rats with PAN nephrosis and rats 
with Adriamycin nephrosis, average P GC  values remain 
normal despite the subsequent appearance of sclerosis. 886  
In the former model, increased SNGFR was uniformly 
 absent, and in the latter model, although some glomer-
uli exhibit increased GFR, these glomeruli did not have 
 elevated P GC  and did not subsequently develop sclerosis, 
at least within the time frame of the study. (Adriamycin 
causes DNA strand breaks, and murine renal susceptibil-
ity to Adriamycin is associated with mutations in genes 
affecting the mitochondrial  genome, 887  pointing to a role 
for bioenergetics in this model.) Consequently, hyperper-
fusion and hyper  ltration  appear to characterize most, if 
not all, adaptive FSGS models, but are  absent from FSGS 
models that involve direct podocyte  injury (presumably 
models of primary FSGS). 

 In obese human subjects, absolute GFR (without a cor-
rection for body size) has been reported to be increased by 
25% to 60%, 888–890  and this is partially returned to normal 
values by weight loss. 888  Obese subjects have both increased 
GFR and increased   ltration fraction, whereas even in non-
obese subjects there is a positive correlation between BMI 
and   ltration fraction (but not GFR). 891  Others have not 
found an increase in absolute GFR, despite similar levels of 
BMI, although the reasons for the discrepant   ndings are not 
apparent. 892  The increased GFR is more striking in central 
compared to peripheral obesity. 893  The mechanisms of obe-
sity-related glomerular hyper  ltration are unknown but may 
include protein intake, various components of the metabolic 
syndrome (discussed in subsequent text), and possibly par-
ticular adipokines. 

 Most but not all studies suggest that early in the course 
of children with sickle cell anemia, GFR and renal plasma 
  ow are increased. 894–896  Limited data available in children 
with cyanotic congenital heart disease suggest that glomer-
ular   ltration may be slightly impaired 897  or normal. 898  In 
the latter study, GFR was normal and renal plasma   ow was 
decreased, indicating an increased   ltration fraction. The 
authors proposed that increased blood viscosity associated 
with polycythemia increases renal vascular resistance and 
intraglomerular blood pressure. 

 There is at least one clinical situation in which the link 
between glomerulomegaly and glomerular overload is ab-
sent. Fogo et al. 782  studied 42 pediatric MCN patients, of 
whom 10 subsequently experienced renal functional decline 
and a repeat renal biopsy showed FSGS. In those patients 
who later developed FSGS, glomerular area was on average 
76% larger (which would correspond to a 1.3-fold increased 
diameter, assuming the glomerulus was spherical). Although 
the data on creatinine clearances were not provided, there is 
no reason to suspect hyper  ltration, and these patients had 
no obvious clinical features that would suggest reduced re-
nal mass. It remains uncertain what processes might account 
for glomerulomegaly in this setting. 
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is that glomerulomegaly may lead to mechanical stretch be-
ing imposed on mesangial cells (reviewed in Riser et al. 924 ). 
Cultured mesangial cells respond to stretch with an increase 
in expression of collagens,   bronectin, laminin, transform-
ing growth factor (TGF)-   1, connective tissue growth fac-
tor (CTGF), macrophage chemotactic protein (MCP)-1, and 
intercellular adhesion molecule (ICAM)-1, of which the lat-
ter two are capable of promoting leukocyte immigration and 
attachment. 925–930  The role of mesangial cell proliferation in 
progressive scarring is less certain; it could simply be an in-
dex of mesangial cell activation. The mechanisms stimulat-
ing mesangial proliferation are discussed in the section on 
the histopathology of MCN. 

 Endothelial cell injury and response are also important 
components of progressive glomerular injury. In the rem-
nant nephron model, the glomerular capillary endothelial 
cell manifests the   rst structural changes 790  and the   rst up-
regulation in mRNAs for extracellular matrix genes (  bro-
nectin, laminin-   1) and TGF-   1, occurring 24 days after 
ablation. 931  In this model, there is an early and rapid increase 
in endothelial cell number and total capillary surface per 
glomerulus in parallel with glomerular hypertrophy; enala-
pril therapy partially reverses these established changes. 932  

 Lymphocytes, particularly CD3    and/or CD8    T cells, 
and monocyte/macrophages may be present in  human glo-
meruli affected by FSGS. 582,933  The latter may be recognized 
within capillary loops as lipid-laden foam cells. In the rat 
remnant nephron model, bone marrow suppression via 
X-irradiation is associated with a transient reduction in glo-
merular macrophage numbers and mesangial matrix scores, 
suggesting that macrophages might contribute to glomerular 
matrix expansion. 934  Conversely, a blockade of chemokine 
(C-C motif) receptor (CCR)-1 (the major  receptor for mac-
rophage in  ammatory protein [MIP]-1    and regulated on 
activation, normal T cell expressed and secreted [RANTES]) 
in murine Adriamycin nephropathy reduced interstitial   -
brosis but had no effect on proteinuria or glomeruloscle-
rosis. 935  Therefore, the pathophysiologic role of in  ltrating 
glomerular leukocytes in FSGS remains to be established. 
The potential role of in  ltrating tubulointerstitial leukocytes 
in the progression of chronic renal disease is considered else-
where in this text. 

 Cytokines and Other Mediators 
 Although many mediators have been implicated in glomeru-
losclerosis and progressive kidney disease, there are few data 
directly de  ning a role for these mediators. Experimental 
data indicate that they could play a role in regulating the 
balance between  extracellular matrix  ( ECM) synthesis and 
degradation  in the glomerulus. The most prominent of these 
mediators is TGF-   , 936  which both directly 937  and indirectly, 
through induction of the cytokine CTGF 938  and the gen-
eration of reactive oxygen species, 939  stimulates mesangial 
and additional cell types to produce collagens, laminin, and 
other ECM proteins. There are two parallel systems regu-
lating ECM degradation. 940  The balance between the matrix 

cells to contact the GBM. This manifests as tuft adhesion 
(synechia). Tuft adhesion involves a loosening of contacts be-
tween parietal cells, allowing glomerular ultra  ltrate to pen-
etrate between parietal cells. A loop of glomerular capillary 
also penetrates between parietal cells, leading to an expand-
ing paraglomerular space located beneath the parietal cells 
or extending between layers of the Bowman capsule. These 
capillary loops remain perfused, at least for a time, and this 
allows the continued delivery of glomerular   ltrate into the 
paraglomerular space. This   ltrate, having passed through 
an abnormal capillary wall lacking podocytes, is likely en-
riched in growth factors, chemokines, and other in  amma-
tory mediators. These mediators promote the  recruitment 
and activation of   broblasts and leukocytes, both within the 
paraglomerular space and in the surrounding interstitium. 

 Once the paraglomerular space has formed, there are 
several possible outcomes. First, the process may stabilize 
and a segmental scar may remain. Second, the enlarging 
paraglomerular space may engulf additional capillary loops, 
thereby compromising podocyte integrity in those loops and 
eventually leading to global sclerosis. Third, and overlapping 
with the preceding outcomes, the paraglomerular space may 
expand and encircle the proximal tubule. This has the po-
tential of separating the tubule from the peritubular capil-
lary, leading to tubular atrophy and the development of an 
atubular glomerulus. This model has considerable power to 
explain the pathology of FSGS. It remains to be determined 
which forms of human primary FSGS, adaptive FSGS, genetic 
FSGS, and medication-associated FSGS follow this model. 

 Cellular Injury and Response 
 A consensus has emerged that podocyte injury plays a cen-
tral role in the pathogenesis of FSGS. This notion is sup-
ported by animal models and genetic mutations in human 
FSGS (all mutations identi  ed to date are in genes that are 
exclusively expressed in the podocyte or that play critical 
roles in the podocyte). Several excellent reviews of podocyte 
biology are available.  907–909  

 In vivo, podocyte abnormalities are most prominent 
in collapsing glomerulopathy, where podocyte dedifferen-
tiation and proliferation are characteristic, but podocyte ab-
normalities are seen in FSGS as well (Table 52.9). 445,910–923  
Podocyte proliferation and associated dedifferentiation are 
likely the critical biologic process in the pathogenesis of col-
lapsing glomerulopathy. This striking distinction between 
podocyte depletion without proliferation in FSGS and podo-
cyte hyperplasia in collapsing glomerulopathy provides the 
rationale for separating these diagnostic categories. 

 Contribution of Other Glomerular and Nonresident 
Cells. Mesangial cell injury and response is an impor-
tant component of progressive glomerular injury in FSGS. 
There is extensive literature on the role of mesangial cells 
in elaborating the extracellular matrix. It remains unclear 
by what pathways podocyte injury stimulates mesangial 
cell activation. One possibility, relevant to adaptive FSGS, 
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podocyte injury and proteinuria, and a subsequent wave 
that, in a process of misdirected repair, causes scarring and a 
loss of nephron mass. 953  

 Based on the data presented in this section, a patho-
genic schema for FSGS and collapsing glomerulopathy can 
be proposed (Fig. 52.15). Both lesions begin with podocyte 
injury, resulting from a gene variant, adaptive glomerular 
hyperperfusion, or an unidenti  ed stimulus. Depending on 
the nature of the injury, this may lead to podocyte dysregula-
tion and proliferation, causing collapsing glomerulopathy or 
podocyte depletion in the case of FSGS. Podocyte depletion 
may be absolute or relative, in the latter case when glomeru-
lomegaly increases capillary surface area. It is noteworthy 
that, despite signi  cant differences in disease etiology and 
course for FSGS and collapsing glomerulopathy, both mani-
fest decreased integrity of the glomerular   ltration barrier 
and proteinuria. Misdirected glomerular   ltrate, exposure 
of the podocyte to excess protein, and cellular stretch/stress 
lead to glomerular cellular activation, changes in perfusion, 
and extracellular matrix accumulation. Therefore, distinct 
pathways may use similar mechanisms that result in distinct 
diseases, with the critical difference being the presence or 
absence of podocyte proliferation. 

 Selected Clinical Variants of FSGS and 
Collapsing Glomerulopathy 
 Glomerular Tip Lesion: A Diagnostic Cluster 
 The glomerular tip lesion has been a controversial subject 
since its description by Howie and Brewer 954  in 1984. In 
the intervening years, as Howie has recently pointed out, 
the term  glomerular tip lesion  has been used in three senses, 

metalloproteinases and the tissue inhibitors of metallopro-
teinases (TIMPs) has been implicated in animal models of 
progressive kidney disease. 941,942  The plasmin system en-
hances glomerular ECM turnover 943  and is inhibited by the 
plasminogen activator inhibitor, PAI-1. 944  Biologic roles for 
these molecules in regulating cellular functions beyond ma-
trix turnover also have been proposed. 

 Cytokine mediators play a role in  proliferative changes  
in the glomerulus, although the data have been limited to 
effects on mesangial cells. Interestingly, despite the signi  -
cance of podocyte proliferation in collapsing glomerulopa-
thy, no data are available to convincingly link a particular 
mediator with this proliferation. Basic   broblast growth 
factor (bFGF, FGF-2) has been linked with multiple podo-
cyte abnormalities, including proliferation, in experimental 
membranous nephropathy. 945  Another important aspect of 
glomerulosclerosis is the possible loss of a continuous podo-
cyte support structure for the glomerular capillaries. Cyto-
kines have equally important and complex roles in podocyte 
 apoptosis and phenotypic changes , as shown for TGF-   1 946  and 
endothelin-1 (ET-1). 947  

 Other systems play a signi  cant part in glomeruloscle-
rosis. An important one is the multiple potential roles of 
the renin-angiotensin-aldosterone system (RAAS). Spirono-
lactone decreases renal   brosis in many animal models of 
glomerulosclerosis. Aldosterone stimulates the expression 
of TGF-  , PAI-1, endothelin, leptin, and other pro  brotic 
molecules, and   brotic changes mediated through the gen-
eration of reactive oxygen species. 948  A role for the RAAS is 
supported by the strong data demonstrating that ACE in-
hibition and ARB ameliorate progressive glomerulosclerosis 
and renal   brosis in multiple diseases. These data support 
a role for the RAAS in altering glomerular cell phenotypes 
(e.g., angiotensin II stimulates mesangial cell TGF-    produc-
tion 949 ), as well as in hemodynamic mechanisms that relate 
to glomerular perfusion and   ltration. Further, it is not clear 
the extent to which the RAAS stimulates glomerular hyper-
trophy through its effects on hemodynamics or via direct, 
growth factor-like effects on resident cells. Other systems 
regulating hemodynamics that also may have direct effects 
upon cellular   brogenic activity include those representing 
the balance between nitric oxide and ET-1, 950  or those in-
volving arachidonic acid metabolites. 951  Leptin also has mul-
tiple effects relevant to glomerulosclerosis. 952  

 Recent studies demonstrated an interaction  between 
putatively hemodynamic and sclerogenic mediators 
(Fig. 52.14). Angiotensin activation leads to the activation 
of the type I angiotensin receptor, which leads directly or 
indirectly to the production of aldosterone, ET-1, PAI-1, and 
TGF-   , with subsequent production of CTGF and reactive 
oxygen species, and extracellular matrix accumulation. This 
one system can thus contribute to glomerular hypertension/
hyper  ltration, sodium retention, glomerular hypertrophy, 
podocyte dysfunction/apoptosis, and   brosis—all of the 
manifestations of FSGS. Alternatively, there may be two 
waves of cytokine production: an initial wave that mediates 

FIGURE 52.14 The renin–angiotensin system and interaction 
with pro  brotic cytokines. In addition to the role of the renin–
angiotensin–aldosterone system in regulating extracellular   uid 
volume and potassium homeostasis, it has been become clear 
that this system also in  uences vascular remodeling and tissue 
  brosis. These vascular and pro  brotic effects are mediated by 
at least   ve effector molecules (shown within boxes), which are 
present in the plasma and also produced locally in tissues. Aldo, 
aldosterone; Ang, angiotensinogen; ET-1, endothelin-1; TGF- 1, 
transforming growth factor  1; CTGF, connective tissue growth 
factor; PAI-1, plasminogen activator inhibitor-1. 

1466



CHAPTER 52 ! NEPHROTIC SYNDROME AND THE PODOCYTOPATHIES 1467

are several differences from the preceding entity: mesangial 
hypercellularity may be present and peripheral scars (nontip, 
nonhilar) can be present in other glomeruli. Stokes, D’Agati 
and colleagues 10  identi  ed 49 cases (0.46% of their biopsy ar-
chive). There were 45 adults and 2 children. Cellular lesions 
(81% average per biopsy) were more typical than scarring le-
sions (19%). Twelve cases had glomerular tip lesion only, 18 
had peripheral lesions, and 17 had associated indeterminate 
lesions (i.e., in some glomeruli the tip and the hilum could 
not be identi  ed). Focal mild mesangial hypercellularity was 
present in 45%; no cases exhibited diffuse mesangial hyper-
plasia. At presentation, the clinical features of glomerular tip 
lesion were more like those of MCN than primary FSGS: Cau-
casian race 77% and 59% versus 52% ( p      NS), mean age 48 
and 48 versus 33 ( p      .001 overall), and nephrotic syndrome 
in 89% and 97% versus 54% ( p      .001 overall). Among those 
with the glomerular tip lesion, 59% of patients entered CR 
with steroids, in some cases supplemented with other thera-
pies, and 14% of patients entered PR. Therefore, the response 
to therapy is much better than classic FSGS and worse than 

which are given distinct names here. 955,956  Estimates of the 
incidence of glomerular tip lesion vary enormously by de  -
nition and population: 13% of FSGS patients in Chicago 794

and 66% of patients with segmental lesions (cellular or scle-
rosis) in Britain. 956  

 First, the  glomerular tip lesion   MCN variant  (term intro-
duced here but with a de  nition that follows Howie’s origi-
nal description) is situated at the portion of the glomerular 
tuft located adjacent to the origin of the proximal convo-
luted tubule and consists of a localized collection of vacuo-
lated podocytes and intracapillary foam cells. In some cases, 
the podocytes rest in apposition to tubular epithelial cells. 
The lesion may consist partly or predominantly of sclero-
sis. Importantly, other glomerular lesions must be absent, 
including mesangial hypercellularity and sclerosis located 
elsewhere in the glomerulus. IgM and C3 may be present 
within the tip lesion. Both affected and unaffected glomeruli 
typically show diffuse foot-process effacement. 

 Second, a  glomerular   tip lesion FSGS variant  has been rec-
ognized and made part of the Columbia classi  cation. There 

FIGURE 52.15 Proposed pathogenic schema for focal segmental glomerulosclerosis (FSGS) and collapsing glomerulopathy. Both 
lesions begin with podocyte injury, resulting from a mutated gene, glomerular hyperperfusion (adaptive FSGS), or an unidenti  ed 
stimulus. Depending upon the nature of the injury, this may lead to podocyte dysregulation and proliferation, causing collapsing 
glomerulopathy; or relative podocyte depletion in the case of FSGS (note that podocyte depletion can be absolute, resulting from 
either decreased numbers of podocytes, or relative, when there are a   xed number of podocytes but a larger glomerular capillary sur-
face area). In either FSGS or collapsing glomerulopathy, the result is a decrease in the integrity of the glomerular   ltration barrier and 
proteinuria. Misdirected glomerular   ltrate, exposure of the podocyte to excess protein, and cellular stretch/stress lead to glomerular 
cellular activation, changes in glomerular perfusion, and extracellular matrix accumulation. Thus, podocyte injury evolves into distinct 
glomerular diseases by various mechanisms, some of which are pathway speci  c and others are common.
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involves prolapse of injured podocytes into the tubule, fol-
lowed by localization of macrophages to the adjacent capil-
lary tuft and adhesion of the tuft to the Bowman capsule. 961  
The predisposition to injury of the podocytes at the glomer-
ular tip remains unexplained. Haas and Yousefzadeh 962  has 
argued that the tip lesion is a response to prolonged heavy 
proteinuria and does represent a speci  c disease entity. In 
autopsy cases of severe, untreated MCN from patients who 
died before 1950, they identi  ed tip lesions in 5 of 8 cases. 
Among those with a tip lesion, the average number of af-
fected glomeruli was 1.8% (range, 0.3% to 4.4%); there was 
no predilection for juxtamedullary glomeruli (unlike FSGS 
lesions). Thus, there is a consensus that proteinuric states 
are commonly associated with tip changes. 

 In conclusion, a consensus probably exists that there is 
a glomerular tip lesion MCN variant and a glomerular tip le-
sion FSGS variant, with the former having a distinctly better 
prognosis, but both exhibit some degree of steroid sensitiv-
ity. Some glomerular tip MCN variants appear to progress 
over time to glomerular tip FSGS variants or classic FSGS. 
Important questions, however, remain to be resolved. Is it 
clinically useful to identify a glomerular tip lesion MCN vari-
ant rather than identify this morphology as a consequence 
of heavy proteinuria? In other words, is the prognosis af-
fected, independent of the degree of proteinuria? This ques-
tion remains open, because there is no published case series 
that compares the outcome of typical MCN patients with the 
glomerular tip lesion to MCN patients lacking this feature. 
Can we distinguish glomerular tip FSGS variants that will 
progress to classic FSGS? Finally, what molecular diagnostic 
markers might help us to differentiate between forms of the 
tip lesion to improve our understanding, classi  cation, and 
prognostication of these disorders? 

 Focal Segmental Glomerulosclerosis, 
Cellular Variant 
 As noted in the preceding text, the cellular variant of FSGS 
was   rst described by Schwartz and colleagues 789  to include 
segmental or global endocapillary proliferation, hypercellu-
larity in the Bowman space, or podocytes manifesting a reac-
tive phenotype. Clinically, these patients were more likely 
than were those with only segmental scars (90% versus 
49%) to have nephrotic range proteinuria. Compared to pa-
tients with classic FSGS, patients with cellular lesion FSGS 
were more likely to be African (70% versus 49%), to have a 
higher likelihood of proteinuria    10 g per day (44% ver-
sus 11%), and to have a higher likelihood of progression to 
ESRD (40% versus 18%). 794,963  Steroid sensitivity (remission 
de  ned as CR or PR) was similar in cellular FSGS and classic 
FSGS (53% versus 52%). The fraction of glomeruli involved 
was an important predictor:    20% glomerular involvement 
involved a group that was almost exclusively African (94%), 
had heavier proteinuria (67% with    10 g per day), and were 
less responsive to treatment (23% remission), compared to 
those with a lesser degree of glomerular involvement. 

MCN. Patients with glomerular tip lesion alone versus those 
with peripheral and/or indeterminate lesions had similar like-
lihood of CR versus PR versus nonresponse ( p      .88), but 
this may be due to small numbers in this two-by-three group 
analysis. Importantly, those with other glomerular lesions had 
higher initial serum creatinine and higher likelihood of non-
response ( P      .02). The authors conclude that the glomerular 
tip lesion occupies an intermediate location along the MCN/
FSGS spectrum and that the presence of sclerosis in a nontip 
location confers a worse prognosis. These data can be inter-
preted to argue for distinguishing between a glomerular tip 
lesion MCN variant (lacking nontip sclerosis) and a glomeru-
lar tip lesion FSGS variant (allowing peripheral and indeter-
minate scars but not perihilar scars), as these forms appear to 
have distinct outcomes. 10  

 Another study of the outcome of the glomerular tip le-
sion published by Howie and colleagues 956  came to gener-
ally similar conclusions. Two biopsy series of adult nephrotic 
syndrome comprised of 108 patients with biopsies showed 
segmental lesions and lacked a non-FSGS diagnosis (e.g., 
classic MCN, collapsing glomerulopathy, or other glomerular 
disease). Segmental cellular or scarring lesions at   rst or only 
biopsy were divided into two categories: tip lesions (con  ned 
to the tubular pole) and multiple lesions (at least one nontip 
lesion, a lesion extending from the tubular pole to the hilum, 
and lesions at various sites). After 10 years, renal survival was 
84% in those with tip lesions and 45% in those with multiple 
lesions ( P      .001 by Cox proportional hazards analysis). The 
statistical signi  cance of the bene  cial effect of tip lesion was 
lost in multivariable analysis, when other variables (number 
of segmental lesions, extent of global sclerosis, and chronic 
tubular damage) were included in the model. No other fac-
tor showed an independent association with outcome; in-
stead, all these variables showed correlation with each other. 
Therefore, the presence of a tip lesion conferred a favorable 
diagnosis when it was narrowly de  ned (no other segmental 
lesions). Forty patients underwent repeat biopsies, generally 
for declining renal function, but also in some cases when 
proteinuria recurred in an allograft. Tip lesions were fre-
quently (perhaps always, given the uncertainty of localizing 
all lesions) the initial segmental lesions. With progressive loss 
of renal function, lesions at other glomerular locations ap-
peared. These data are important, because they suggest that 
in some cases a tip lesion can evolve into classic FSGS. Like 
the preceding paper, these data can be read as supporting a 
glomerular tip lesion MCN variant and glomerular tip FSGS 
variant, although it is unclear whether the two can be reliably 
distinguished at the initial biopsy. 

 These   ndings support a third category, various non-
diagnostic  glomerular tip changes  (Howie’s suggested term), 
which have been described in other proteinuric conditions, 
including membranous nephropathy (present in 64% of 
cases), 957  an IgM variant of MCN, 958  postinfectious glomer-
ulonephritis, 959  and diabetic nephropathy. 960  Experimen-
tally, glomerular tip lesions develop in rats with crescentic 
glomerulonephritis; Howie showed that the initial change 

1468



CHAPTER 52 ■ NEPHROTIC SYNDROME AND THE PODOCYTOPATHIES 1469

TA B L E Clinical Features that May Differentiate Between Primary FSGS and Adaptive FSGS52.10

Primary FSGS 
Diagnosis Favored  Adaptive FSGS Diagnosis Favored

Birth weight Birth weight  2 kg in full-term infants is 
suggestive; the role of low birth weight in 
premature infants is less clear

Body habitus  Morbid obesity or extreme muscular development 
is suggestive but the positive predictive value 
is probably low and the presence of these 
 conditions does not exclude primary FSGS

Sickle cell anemia, 
cyanotic congenital 
heart disease,  50% 
renal mass reduction

These conditions are strongly associated with 
 adaptive FSGS

Peripheral edema  Absence of edema despite nephrotic range 
 proteinuria is suggestive

Serum albumin Albumin  2 g/dL is suggestive Normal serum albumin concentration despite 
 nephrotic range proteinuria is suggestive968

Proteinuria Massive proteinuria ( 10 g/day) is 
suggestive

Kidney biopsy features  Widespread podocyte foot process 
effacement is suggestive but does 
not exclude adaptive FSGS798

■   The presence of glomerulomegaly (glomerular 
diameter  186  m) is suggestive but limited 
sample size may limit con  dence in this   nding798

■   Perihilar pattern of glomerulosclerosis is 
 suggestive, although predictive characteristics 
remain to be determined

Response to RAS 
antagonist therapy

A  75% reduction in proteinuria is suggestive

When confronted with a renal biopsy that shows FSGS, no history suggesting a genetic cause of FSGS (onset in childhood, family history of FSGS, extra-
renal manifestations) and no use of FSGS-associated medication, the pathologist and clinician must weigh the likelihood of primary FSGS versus adaptive 
FSGS. Multiple features must be considered in making this distinction.
FSGS, focal segmental glomerulosclerosis; RAS, renin-angiotensin system.

TA B L E

 It appears that most or all of these patients would be 
classi  ed as collapsing glomerulopathy (collapsing FSGS in 
the Columbia classi  cation). As stated previously, a pub-
lished series of patients with the lesion as de  ned by the Co-
lumbia classi  cation have an intermediate prognosis, with 
an anticipated outcome between that of tip lesion and the 
collapsing variant. 791  

 Adaptive Focal Segmental Glomerulosclerosis 
 As detailed earlier in this chapter, data as disparate as the 
remnant kidney model of glomerulosclerosis and epide-
miologic evidence for a relationship among low nephron 

 number, hypertension, and progressive renal scarring sup-
port the notion that increased workload per nephron can 
lead to glomerulosclerosis. Some clinical criteria have been 
developed for identifying adaptive FSGS (Table 52.10). Here, 
we consider two clinical circumstances in which this can oc-
cur: a reduction of nephron number or increased workload 
with a   xed number of nephrons. 

 Adaptive Focal Segmental Glomerulosclerosis with 
Reduced Nephron Mass. There are characteristic fea-
tures of FSGS associated with reduced nephron mass. 
First, glomerular enlargement is common in this setting. 
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 Kambham and colleagues 798  reviewed their experi-
ence with obesity-related glomerular disease, including 
14 patients with glomerulomegaly alone and 57 patients 
with glomerulomegaly plus FSGS. The combined preva-
lence of these disorders rose from 0.2% of all renal biop-
sies during the period from 1986 to 1990 to 2% during 
the period from 1996 to 2000; 53% had BMIs    40 kg 
per square meter (morbid obesity) and 47% had BMIs 30 
to 40 kg per square meter. Therefore, morbid obesity is 
not required for the diagnosis. Compared to patients with 
primary FSGS, patients with obesity-associated glomeru-
lopathy had lower levels of proteinuria (nephrotic-range 
proteinuria in 48% compared to 66%), less foot-process 
effacement, and a more indolent course (progression to 
ESRD 4% versus 42%). By contrast, Praga et al. 884  found 
that the outcome in obesity-related disease was almost as 
poor as that of primary FSGS. Over an 82-month obser-
vation period, 8 of 15 patients maintained stable renal 
function and 7 of 15 patients demonstrated progressive 
loss of GFR, with 5 reaching ESRD. Proteinuria was in the 
nephrotic range at presentation or on follow-up in 80% 
of patients. The level of proteinuria correlated with BMI 
(R     0.45,  P     .05). Despite heavy proteinuria (   10 g per 
day in three patients), edema and hypoalbuminemia were 
uniformly absent. With the epidemic of obesity spreading 
to adolescents in the United States, particularly in minor-
ity populations, obesity-associated FSGS is appearing in 
that age range also. 972  Case reports in both an adult 973  and 
a child 974  describe amelioration of the lesion after a reduc-
tion of BMI via bariatric surgery. 

 Recently, glomerular hypertrophy and FSGS also have 
been reported in patients with increased BMI associated with 
increased muscle mass but without increased body fat, sug-
gesting that adiposity is not required. 975  Important questions 
remain. We do not know whether glomerulomegaly is a pre-
cursor lesion to FSGS, although that appears likely; we do 
not know whether there is a threshold BMI for the appear-
ance of glomerulomegaly and FSGS; and we do not under-
stand the molecular signals by which increased fat mass or 
BMI lead to glomerular hyper  ltration. 

 Hypertension and Focal Segmental 
Glomerulosclerosis 
 Hypertension is the attributed cause of approximately 15% 
of incident ESRD cases in Europe and approximately 30% 
of incident ESRD cases in the United States (discussed in 
depth in Chapter 51). Few of these patients, however, un-
dergo renal biopsy and there remains doubt about the na-
ture of the role of hypertension in initiating renal injury. 
It is undisputed that malignant hypertension can lead to 
ESRD; it is more controversial whether benign nephroscler-
osis leads to ESRD. This controversy has been the subject 
of several thoughtful reviews in recent years. 976–978  Hyper-
tensive nephrosclerosis (benign nephrosclerosis) is de  ned 
by the presence of arteriolar changes consisting of hyaline 

Bhathena 964  studied patients with FSGS appearing more 
than 2 years after renal transplantation in association with 
chronic allograft nephropathy and interstitial nephritis. 
These patients had larger glomeruli compared to those 
without FSGS or those with recurrent FSGS who were di-
agnosed within 2 years of transplantation. Subsequently, 
Bhathena 965  showed that glomeruli are larger in unilateral 
renal agenesis and following uninephrectomy when FSGS 
is present compared to patients with the same disorders 
when FSGS is lacking. Second, the segmental scars are 
preferentially located adjacent to the vascular hilum. In the 
rat nephrectomy model, the sclerosis preferentially affects 
the vascular pole. 966  When colloidal carbon is injected im-
mediately after a nephrectomy, it is found preferentially 
within perihilar sclerotic lesions 4 months later. 967  These 
  ndings suggest that some feature of this glomerular zone, 
possibly related to hemodynamic stress, leads to increased 
uptake (presumably by mesangial cells) long before the ap-
pearance of sclerotic lesions. Third, podocyte effacement 
is modest, typically involving    50% of the interface be-
tween podocyte and GBM, as discussed previously. There 
is considerable variability, however, so this characteristic 
may be of limited value in clinical diagnosis. Fourth, hypo-
albuminemia and edema are uncommon despite nephrotic 
range proteinuria. 968  

 Adaptive Focal Segmental Glomerulosclerosis Asso-
ciated with Increased Metabolic Workload. There are 
a number of examples in which increased circulatory de-
mands or metabolic workload lead to the development of 
FSGS. Examples include patients with obesity, or with cer-
tain kinds of anemia such as sickle cell disease and congen-
ital cyanotic heart disease. Obesity is the most well studied, 
and is associated with increased renal blood   ow and glo-
merular   ltration rate, and microalbuminuria, features that 
it shares with diabetes mellitus. The mechanisms for these 
renal abnormalities are not well understood (recently re-
viewed in Bagby 969 ). Contributing factors may include 
increased renal venous pressure, hyperlipidemia, and in-
creased production of vasoactive and   brogenic substances 
by adipocytes, including angiotensin II, insulin, leptin, and 
TGF-   1. Dogs fed a high fat diet to produce a 60% increase 
in body weight manifested an increased blood pressure, 
plasma renin activity, and GFR, together with increased 
mesangial matrix and TGF-    expression (glomerular size 
was unchanged). 970  Obese, prediabetic monkeys manifest 
hyperinsulinemia and glomerulomegaly, suggesting that 
some feature of the insulin-resistant state may contribute 
to glomerular hypertrophy. 971  Leptin is of particular inter-
est, because it acts on cultured glomerular endothelial cells 
to stimulate proliferation and production of TGF-   1 and 
collagen I, and it stimulates the expression of TGF-    type II 
receptor and collagen I by mesangial cells. 952  Furthermore, 
leptin also stimulates the production of angiotensin II. 
Therefore, leptin may initiate a pro  brogenic circuit within 
the glomerulus. 
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vascular changes coexist with segmental sclerosis lesions, 
which arise as a consequence of obesity and other clinical 
factors associated with hypertension. 

 C1q Nephropathy 
 Biopsies from some nephrotic patients show mesangial de-
posits of the complement component, C1q, despite the pres-
ence of normal serum complement levels and the absence 
of complement-activating diseases such as systemic lupus 
erythematosus. Accompanying pathologic   ndings can be 
protean, 983  including FSGS, 783  crescentic glomerulopathy, 984  
or minimal changes. 985  Patients may present with congenital 
nephrotic syndrome, 986  steroid-sensitive disease, 985  or ste-
roid resistance. 987  Whether C1q deposits represent a distinct 
entity or an incidental   nding remains uncertain, because 
some patients have a benign course whereas others progress 
to CKD. 

 C1q nephropathy was   rst described by Jennette and 
Hipp 987  at Chapel Hill as the presence of mesangial C1q 
staining, either dominant or codominant with IgG, IgM, 
and/or C3 and the lack of serologic or clinical   ndings of 
lupus. The immune deposits were predominantly mesangial, 
although occasionally the deposits extended into glomerular 
capillary loops. In this series of 15 patients (2% of renal bi-
opsies; age range, 14 to 27 years), the glomerular histology 
ranged from normal to mesangial proliferation to focal or 
diffuse proliferative glomerulonephritis. 

 Two subsequent series have suggested that the disease 
probably   ts best in the MCN/FSGS/collapsing glomeru-
lopathy spectrum. Iskandar et al. 988  at Winston-Salem, 
North Carolina reported on 15 children with prominent 
mesangial C1q staining and histology consistent with MCN 
(8 cases) and FSGS (7 cases). Markowitz et al. 783  in New 
York described 19 patients (9 children, 10 adults), repre-
senting 0.2% of all renal biopsies. Histologies ran the gamut 
of podocyte diseases, including MCN (2 patients), FSGS 
(2 patients with the cellular variant, 9 patients with the NOS 
variant), and collapsing glomerulopathy (6 patients). Mesan-
gial hypercellularity was seen in 1 MCN case and in 10 of the 
other cases. 

 In the series from Chapel Hill, North Carolina; 
Winston-Salem, North Carolina; and New York, African 
Americans were generally overrepresented (60%, 27%, 
and 74%, respectively) compared to their presence in 
the local populations. Nephrotic-range proteinuria was 
common (71%, 80%, and 79%, respectively), although 
many patients (particularly adults) did not have nephrotic 
syndrome. The response to therapy was variable but has 
improved in the most recent series, with CR or PR seen 
in 0% (0/9 patients treated) in Chapel Hill, 44% (4/9 pa-
tients treated) in Winston-Salem, and 57% in New York 
(7/13 with available data; 2 additional patients progressed 
to ESRD during follow-up), respectively. In the New York 
series, CR or PR occurred in 2/2 patients with MCN, 4/11 
with FSGS, and 1/6 with collapsing glomerulopathy, mir-
roring the steroid responses typical of other forms of these 

 arteriosclerosis and myointimal hypertrophy, which particu-
larly affect the afferent arteriole and small arterioles lacking 
an internal elastic lamina. The initial glomerular morpho-
logic changes include thickening and wrinkling of the GBM, 
followed by contraction of the capillary tuft toward the vas-
cular pole. As the tuft contracts,   brotic material accumu-
lates within the Bowman space. The glomerulus ultimately 
shrinks to a hyalinized mass at the vascular pole. In contrast 
to FSGS, glomerular tufts showing global glomerulosclerosis 
in hypertensive nephrosclerosis are not enlarged, but rather 
are shrunken. 979  

 In recent biopsy series, a substantial fraction of pa-
tients with a diagnosis of hypertensive nephrosclerosis 
manifested segmentally sclerosed glomeruli. In a study 
from Brazil 980  of 90 hypertensive patients with renal insuf-
  ciency and subnephrotic proteinuria, 19% were found to 
have segmental sclerosis, most of whom also had vascular 
features of hypertensive injury. In a study from Japan, 981  
33% of patients with hypertensive nephrosclerosis had 
segmental sclerotic lesions; these patients also had signi  -
cantly higher serum creatinine values. Patients who experi-
enced a progressive loss of renal function during follow-up 
had larger glomeruli, but the authors did not state whether 
those with segmental sclerosis had larger glomeruli. In 
a study from Tennessee, Fogo and colleagues 982  found 
segmental sclerosis in 34% of patients with hypertensive 
nephrosclerosis. The authors excluded primary FSGS on 
the following grounds: lack of nephrotic range proteinuria, 
lack of extensive foot-process effacement, and glomerulo-
sclerosis in proportion to vascular lesions. Segmental scle-
rosis was associated with global sclerosis and was more 
common in Africans than in Caucasians. Importantly, the 
authors found that the extent of vascular injury did not 
correlate with the extent of global and segmental glomeru-
losclerosis, and statistical modeling failed to identify a link 
between blood pressure and the severity of the glomeru-
lar lesions. The authors concluded that a simple causal 
pathway, whereby hypertension causes vascular sclerosis, 
which in turn causes glomerulosclerosis, is not supported 
by their data. 

 Kincaid-Smith 977  noted that the original description 
of hypertensive nephrosclerosis, made 50 years ago, did 
not include segmental sclerosis. She made the provoca-
tive proposal that many cases that are clinically diagnosed 
as hypertensive nephrosclerosis without renal biopsy, or 
pathologically diagnosed as hypertension-associated FSGS, 
may in fact be adaptive FSGS due to obesity and associated 
conditions, including insulin resistance associated with the 
metabolic syndrome and hyperuricemia. This hypothesis 
is testable, with closer attention to clinical factors (obesity, 
proteinuria, uric acid levels, and levels of insulin and other 
endocrine factors) and pathologic variables (glomerular size, 
podocyte number, and extent of foot-process effacement) in 
patients with FSGS arising in the setting of hypertension. 
In conclusion, it remains uncertain whether hypertension 
causes a form of adaptive FSGS, or whether hypertensive 
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although controversy remains about the strength and speci-
  city of the association. 1006  SV40 infection has been linked 
to both collapsing glomerulopathy and other forms of FSGS; 
these data await replication. 1007  

 As discussed later in this chapter, podocytes in collaps-
ing glomerulopathy express dedifferentiation markers and 
markers of proliferation. It now appears likely that the pro-
liferating cells are derived from podocyte precursors rather 
than dedifferentiated podocytes. 796  Hattori et al. 1008  studied 
patients with cellular lesions, although it is likely that many 
or all of these had collapsing glomerulopathy. They noted 
that the glomerular expression of smooth muscle    -actin 
(a marker for activated mesangial cells exhibiting a myo  -
broblastic phenotype) was much greater in cellular FSGS 
compared to those with classic FSGS. Expression of colla-
gen III was similar. Therefore, intense mesangial activation 
is part of the process and may account for the propensity to 
rapid progression. 

 Medication-Associated Focal Segmental 
Glomerulosclerosis and Collapsing 
Glomerulopathy 
 A number of medications have been associated with FSGS 
and collapsing glomerulopathy, as shown in Table 52.2. 
Cyclosporine is associated with FSGS in renal transplant 
patients and nonrenal organ transplant patients. In re-
nal transplant recipients, cyclosporine contributes to 
the pathogenesis of chronic allograft nephropathy, but 
the role of other factors makes the speci  c role of these 
agents dif  cult to determine. The appearance of FSGS in 
nonrenal organ transplant recipients and its link to cy-
closporine 1009–1011  makes the relationship more compel-
ling. Tacrolimus likely has a very similar risk but fewer 
data are available. Cyclosporine induces FSGS following 
chronic administration to rats. 1012  The mechanism of glo-
merular toxicity may include increased matrix synthesis 
by glomerular cells and glomerular ischemia. The 5-year 
risk for chronic renal failure in nonrenal organ transplan-
tation ranges from 7% to 21%. 1013  The use of a calcineurin 
inhibitor was signi  cantly associated with increased risk, 
but the degree of relative risk was modest (1.25), probably 
due to the study design (only use on initial hospitalization 
was available) and the fact that 98% of patients used these 
agents. 

 Lithium has been associated with FSGS. 1014–1016  Chronic 
exposure to lithium causes tubulointerstitial injury in rats, 1017  
which would be evidence in favor of a adaptive mecha-
nism for FSGS. Conversely, some patients have extensive 
foot-process effacement, 1014  and nephrotic syndrome may 
resolve with the cessation of therapy. 1018  These   ndings sug-
gest the alternate possibility of a direct toxicity to glomerular 
cells. 

 Interferon-    has been associated with both FSGS 1019–1023  
and collapsing glomerulopathy. 1024  Pamidronate has been 
associated with collapsing glomerulopathy. 1002,1025  Very little 

diseases. Other reports have also suggested that some 
patients with C1q nephropathy remit spontaneously or 
with therapy, but some of these patients had atypical fea-
tures, such as prominent subendothelial or subepithelial 
 deposits. 821,983  

 C1q and other members of the newly recognized C1q/
TNF superfamily share a structurally similar globular do-
main. 989  C1q, a portion of the tripartite C1 molecule, func-
tions as a major link between innate and acquired  immunity, 
because it binds a range of ligands via the globular domain 
and promotes apoptosis and phagocytosis of cells and 
 cellular debris. 990–992  Human genetic C1q de  ciency is 
 associated with lupus, presumably by impairing apoptotic 
cell clearance and thereby exposing the immune system to 
nuclear and cytoplasmic antigens. Interestingly, the classi-
cal swine fever virus may provide an animal model of C1q 
nephropathy. Pigs experimentally infected with swine fever 
virus develop immune complex glomerulonephritis charac-
terized by a viral infection of glomerular endothelial cells 
and podocytes, macrophage in  ltration, and a deposition of 
IgG, IgM, and C1q in mesangial, subendothelial, and sub-
epithelial  locations. 993  

 Therefore, by histology and clinical course, C1q ne-
phropathy would appear to   t into the spectrum of MCN/
FSGS/collapsing glomerulopathy, as Markowitz and col-
leagues 783  have proposed. The pathogenesis remains poorly 
understood; speci  cally, it is unclear how to link C1q 
 mesangial deposits with podocyte injury. 

 Idiopathic Collapsing Glomerulopathy 
 HIV-associated nephropathy was the   rst recognized form 
of collapsing glomerulopathy, and this topic is covered in 
Chapter 59. Idiopathic collapsing glomerulopathy was   rst 
described in Ohio, 994  with subsequent reports from else-
where within the United States and Europe. 757,995–998  A ret-
rospective review of the renal biopsy archive at Columbia 
University found that the   rst case was seen in 1979, with 
a rapid increase to causing approximately 25% of primary 
FSGS by the early 1990s. 998  This epidemiologic pattern 
strongly suggests a new environmental agent, possibly a 
virus or a toxin, although little progress has been reported 
in identifying what that agent might be. De novo collaps-
ing glomerulopathy also has been described following re-
nal transplantation. 999,1000  Reviews are available for further 
 consideration. 1001,1002  

 Idiopathic collapsing glomerulopathy presents clinically 
as the sudden onset of heavy proteinuria, although some pa-
tients have subnephrotic proteinuria. Progression to ESRD 
may be rapid but this is not invariably the case. Some pa-
tients report a viral-like prodrome occurring prior to presen-
tation, with symptoms that may include fever, cough, and 
diarrhea. 

 Collapsing glomerulopathy occurs in several distinct 
clinical settings. It has been associated with systemic diseases, 
particularly adult Still disease. 1003,1004  Parvovirus B19 infec-
tion has been linked with collapsing glomerulopathy, 1005  
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 Other idiopathic types of congenital nephrotic syndrome 
have been described. These are not as well de  ned and prob-
ably represent a heterogeneous group of diseases, many of 
which do not appear to be inherited. 1028  They are distin-
guished from the Finnish type by the combination of clini-
cal characteristics and histologic picture. Most have a poor 
prognosis, but the clinical course is often more protracted. 
Attempts have been made to classify these lesions according 
to the dominant pathologic   ndings. According to this ap-
proach, the presence of microcystic disease has been used to 
diagnose the Finnish type of congenital nephrotic syndrome. 
In the absence of microcystic tubules, the disease has been 
classi  ed on the basis of the most prominent glomerular le-
sion, for example, mesangial proliferation, DMS, FSGS, or 
global glomerular sclerosis. Without such changes, the pa-
tient is diagnosed as having MCNS. A study that summa-
rized the problems of this classi  cation system emphasized 
that microcystic tubules are neither speci  c nor diagnostic 
for the Finnish lesion and may be acquired as a consequence 
of severe proteinuria in the immature  kidney. 1035  

 Increasingly, a diagnosis is made based on genetic test-
ing. In one study of 89 children in 80 European families, 1036  
mutations in four genes ( NPHS1 ,  NPHS2 ,  WT1 , and  LAMB2 ) 
accounted for two-thirds of cases (see next section for fur-
ther discussion of the nature of these mutations). The cases 
were largely monogenic in their involvement, and patients 
with nephrotic syndrome secondary to nephrin (NPHS1) 
mutations presented earliest. Another study of 117 cases in 
107 families 1037  was able to identify a podocyte protein mu-
tation in 80% of cases. The age of onset was a function of 
the speci  c mutation, with nephrin mutations presenting in 
77% within the   rst week, over 90% in the   rst month, and 
the rest within the   rst 2 months. 

 In many cases of infantile nephrotic syndrome, DMS 
clearly is the dominant pathologic picture. Prognosis is poor, 
irrespective of whether the onset of disease is congenital or 
infantile. Congenital glomerulosclerosis characterized by 
 hyalinized glomeruli in otherwise normal kidneys also has 
been found in infants developing nephrotic syndrome and 
renal failure early in life. Although such lesions could be the 
consequence of intrauterine infections, 1038  the development 
of DMS more frequently re  ects a genetically determined 
metabolic or structural abnormality. It is found in a variety 
of syndromes associated with the gene for the WT-1 tran-
scription factor (see discussion of  WT-1  and Denys-Drash and 
 Frasier syndromes in the next section). Other entities that 
have been associated with the nephrotic syndrome in the   rst 
year of life 261,477,1035,1039–1047  are summarized in Table 52.11. 

 The age at presentation is an important factor in out-
come. In one study, 1048  97% of 177 patients died or sub-
sequently required care for ESRD if they presented with 
nephrotic syndrome in the   rst 3 months of life. In contrast, 
death or end-stage disease occurred in only 31% of patients 
with an onset of nephrotic syndrome between the ages of 
3 and 12 months. In an effort to identify children with the 
most severe, progressive disease, the ratio of urinary heparin 

is known about the mechanism of renal injury with these 
medications. 

 Nephrotic Syndrome in the First Year of Life 
 Nephrotic syndrome may occur in the   rst year of life and 
can result from MCN. Much more often, however, it is due 
to congenital nephrotic syndrome, and it is especially associ-
ated with infantile microcystic disease. 1026,1027  This lesion is 
most commonly found in Finland and in people of Finn-
ish ancestry, but it has also been documented in many other 
ethnic groups throughout Europe and North America. The 
disease is inherited as an autosomal-recessive trait. Affected 
infants typically have a large placenta, 1027  with the placental–
fetal weight ratio ranging from 0.25 to 0.43, compared to a 
normal ratio of 0.14. They often are born prematurely, may 
show signs of perinatal asphyxia, and may have a high peri-
natal mortality rate. Indeed, the incidence of early death from 
congenital nephrotic syndrome may be higher than that re-
ported, because edema and failure to thrive may not become 
apparent for several weeks or months, even though protein-
uria is present from birth. The natural course in infancy is 
usually one of progressive deterioration, with hypoalbumin-
emia, edema, and wasting dominating the clinical picture 
and being more signi  cant than decreasing renal function. In 
the past, half of the patients died before the age of 6 months 
and few survived past 2 years. However,  aggressive manage-
ment has dramatically improved the  outlook. 350,375  

 The majority of patients with this disease have abnor-
mal expression of the gene for nephrin, a putative cell–cell 
adhesion molecule that is expressed only by the glomeru-
lar podocytes. 1028  The gene is located on chromosome 
19q13.1. 1029  Histologic changes of congenital nephrotic 
syndrome can be subtle in the newborn. They may include 
dilated cortical tubules (the origin of the term  microcystic ), 
mesangial hypercellularity, and glomerulosclerosis, none 
of which are pathognomonic for congenital nephrotic syn-
drome of the Finnish type. The Bowman capsule may be sig-
ni  cantly enlarged, dwar  ng the glomerulus within it, in a 
pattern described as being  glomerulocystic . Extensive follow-
up histologic studies of Finnish patients with nephrin mu-
tations demonstrated some mesangial cell proliferation and 
ECM accumulation. 1030  Although this presentation was not 
associated with synechia formation, paraglomerular in  am-
mation and   brosis were frequently observed. 1031  Decreased 
glomerular and peritubular circulation, accompanied by rar-
efaction of peritubular capillaries and subsequent markedly 
increased tubulointerstitial expression of hypoxia-inducible 
factor (HIF)-1   , 1032  suggest that hypoxic injury is an impor-
tant progression factor in this disease. 

 Prenatal diagnoses have been determined by   nding in-
creased    -fetoprotein levels in the amniotic   uid. However, 
levels may be high in amniotic   uid from pregnancies with 
a heterozygous (carrier) phenotype. 1033  Studies of patients 
and their families suggest that a direct analysis of the fetal 
nephrin gene can be used for prenatal diagnosis in many 
patients. 1034  
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nephrin entirely and may recognize intact nephrin in the 
transplanted kidney as foreign, thus developing antinephrin 
antibodies. 1050  This problem is treated most effectively with 
a combination of plasmapheresis and alkylating agents. 1033  

 Genetics of Focal Segmental Glomerulosclerosis 
and Collapsing Glomerulopathy 
 A major advance in the last decade has been the recogni-
tion of loci responsible for FSGS with Mendelian inheri-
tance (Table 52.12). These advances have greatly furthered 
our understanding of the pathogenesis of FSGS. Moreover, 
the molecular diagnosis of mutations, particularly podocin 
( NPHS2 ) and  WT1 , has now become an important part of 
the evaluation of pediatric FSGS. Genotyping for  NPHS1  and 
NPHS2  is commercially available and is rapidly becoming a 
routine part of clinical practice. 

 As shown in Tables 52.2 and 52.12, the age at presenta-
tion and renal histology help identify the most likely genetic 
causes: 

 ■  Congenital nephrotic syndrome:  NPHS1  homozygous 
mutations or  NPHS1     NPHS2  compound heterozygous 
mutations 

 ■  DMS, congenital presentation:  LAMB2  
 ■  DMS, congenital presentation:  WT1  
 ■  FSGS, congenital presentation:  ITGB4  
 ■  FSGS, infancy/childhood presentation:  NPHS2, NPHS1 

   NPHS2, WT1, PAX2,  mtDNA,  COQ2, MYO1E, PLCE1, 
PTRO  

 ■  FSGS, adult presentation:  INF2 ,  ACTN4, CD2AP, TRPC6,  
mtDNA 

 Collapsing glomerulopathy rarely presents with familial 
inheritance. 1051–1053  A single genetic syndrome has been re-
ported, action-myoclonus-renal failure syndrome, in which 
renal failure occurred in 12 patients from 8 families of di-
verse European ethnic background; the gene responsible has 
not been identi  ed. 1054  

 NPHS2 
 In 2000, Boute and colleagues 1055  identi  ed  NPHS2 , encod-
ing podocin, by positional cloning in the evaluation of 14 
of 16 families with autosomal-recessive steroid-resistant 
nephrotic syndrome. Subsequently, NPHS2 mutations have 
been identi  ed in steroid-resistant nephrotic syndrome and 
FSGS from patients from a wide variety of racial and ethnic 
backgrounds. 1056–1069  Homozygous or compound heterozy-
gous mutations have been found in 35% of familial auto-
somal recessive FSGS and 8% of sporadic FSGS. 1070,1071  To 
date, all patients have presented by age 25 and most patients 
present before age 10. 

  NPHS2  is a highly polymorphic gene. In Figure 52.16 
is shown the location of 58  NPHS2  sequence variants within 
the exon structure, including mutations (de  ned as  variants 
associated with renal disease either in homozygosity or in 

sulfate to chondroitin sulfate was measured in 37 patients 
and 17 healthy controls. Patients with Finnish-type dis-
ease, DMS, and focal sclerosis had elevated ratios, whereas 
children with MCNS had results similar to those of normal 
subjects. 1049  Patients with nephrin mutations also tended to 
reach end-stage faster. Of all patients, 13.6% presented with 
syndromes (extrarenal manifestations). 1037  

 An early diagnosis is essential, because early interven-
tion is optimal. Congenital nephrotic syndrome is associated 
with profound malnutrition, dehydration, hypercoagulabil-
ity, and hypothyroidism. All of these problems are amenable 
to medical therapy. Patients may be stabilized with daily or 
even more frequent albumin infusions, enteral hyperalimen-
tation, anticoagulants, and thyroid replacement. In some 
cases, uninephrectomy or even bilateral nephrectomy is re-
quired to overcome the effects of severe protein loss. It is 
our practice to begin with albumin infusions and progress 
to at least a uninephrectomy in the hope that the child will 
be permitted to grow for as much as a year before entering 
into ESRD care. 

 Kidney transplantations for children with congenital ne-
phrotic syndrome usually are effective, with the nephrotic 
syndrome rarely recurring in the recipient. The major ex-
ception is the child with Finnish-type congenital nephrotic 
syndrome. Children who have homozygous, large deletions 
in the nephrin gene (the defect is termed Fin-major) lack 

TA B L E

Nephrotic Syndrome in the First Year 
of Life: Causes and Associations

52.11

Relatively common
Congenital nephrotic syndrome of the Finnish 

(inherited) type
Other congenital nephrotic syndromes

Less common
Diffuse mesangial sclerosis
Focal segmental glomerulosclerosis, congenital 

glomerulosclerosis, and hyalinosis
Minimal change nephrotic syndrome (MCNS)
AIDS

Rare
Cytomegalic inclusion disease1035
Hemolytic–uremic syndrome1039
Mercury intoxication1040
Nail–patella syndrome1041
Pseudohermaphroditism1042,1043
Renal vein thrombosis261
Syphilis1044,1045
Toxoplasmosis1046
Wilms tumor1047
XY Gonadal dysgenesis1047
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were  compound  heterozygotes with A248V. The prevalence 
of a simple R229Q heterozygous was not statistically dif-
ferent from the control population. Conversely, two infants 
with congenital FSGS were found to have triallelic muta-
tions (compound  NPHS1  heterozygotes with the  NPHS2  
R229Q mutation), suggesting that the R229Q variant may 
modify the typical  NPHS1  presentation. 1064  This   nding of 
gene interaction between  NPHS1  and  NPHS2  has been chal-
lenged. 1081  Finally, the R229Q variant may be associated with 
microalbuminuria in the Brazilian population (relative risk, 
2.8-fold;  p     .01). 1080  Therefore, it may be that the R229Q 
variant acts in concert with other genetic and environmental 
factors to compromise glomerular function, but the hypoth-
esis will require further testing. 

 WT1 
 Mutations in  WT1 , the gene encoding the Wilms tumor 
suppressor gene 1, cause four syndromes: WAGR (Wilms 
tumor, aniridia, genitourinary malformations, retardation), 
Beckwith-Wiedemann syndrome, Denys-Drash syndrome, 
and Frasier syndrome. 1082  The rates of Wilms tumor among 
these syndromes are widely divergent, ranging from    5% in 
Beckwith-Wiedemann syndrome to    90% in Denys-Drash 
syndrome. Patients have a single mutant  WT1  allele; in XX 
female patients with heterozygous  WT1  mutations, Wilms 
tumors frequently have mutations in both alleles, suggest-
ing that a loss of heterozygosity has occurred. The WT1 
protein is a transcriptional regulator of genes important in 
renal development, including amphiregulin 1083  and  PAX2,  
and genes important in maintaining the differentiated podo-
cyte phenotype, including p21 Cip1 , nephrin ( NPHS1 ), and 
podocalyxin. 1084  As shown in Figure 52.17, the  WT1  gene is 
composed of 10 exons, with the last 5 exons encoding the 4 
C 2 H 2    ngers comprising the zinc   nger domain responsible 
for transcriptional regulation. 

 As depicted in Figure 52.17, the  WT1  gene undergoes 
a complex pattern of alternate splicing, producing at least 

compound heterozygosity, which involves two distinct 
 NPHS2  mutations on different alleles) and sequence variants 
(nucleotide variants, which are present in healthy individ-
uals and do not meet the criteria for mutations). Podocin 
is a transmembrane protein restricted to the podocyte that 
contributes to the maintenance of a normal slit diaphragm. 
Podocin is located within lipid rafts and interacts with oth-
er molecules that constitute the slit diaphragm complex, 
 including nephrin and CD2AP. 1072,1073  Furthermore, podo-
cin facilitates the signaling of nephrin and CD2AP via phos-
phatidylinositol and AKT. 1074,1075   NPHS2  mutants are either 
retained within the endoplasmic reticulum or delivered to 
the plasma membrane but fail to associate with lipid rafts. 1076  
 NPHS2  mutants that are retained within the endoplasmic 
 reticulum are associated with an earlier onset of FSGS com-
pared to those that are targeted to the plasma membrane. 1077  
Recent studies in mice have shown that a mutation of this 
gene alone is suf  cient to cause FSGS to develop. 1078  

 In patients with  NPHS2  mutations, FSGS can recur 
following renal transplantation, but the risk appears to be 
lower than in patients with primary FSGS. Ruf et al. 1066  re-
ported recurrence in 7 of 20 patients (35%) without  NPHS2  
mutations and 2 of 24 patients (8%) with  NPHS2  mutations. 
In an update of an earlier publication that reported a surpris-
ingly high rate of recurrence, 1079  Caridi and colleagues 1070  
reported that 5 of 65 subjects (8%) with homozygous or 
compound heterozygous mutations had recurrence. 

 The  NPHS2   R229Q  variant is a common polymorphism, 
occurring in approximately 7% of European-derived popu-
lations and approximately 3% of African-derived popula-
tions. 1067, 1080  The pathologic signi  cance of this variant 
remains unclear. FSGS has been associated with a homo-
zygous  R229Q  mutation in only one individual 1066 ; if this 
common polymorphism were suf  cient to induce FSGS, 
one would expect more cases to have been identi  ed. 
Tsukaguchi et al. 1067  found that 11 of 91 African Americans 
with primary FSGS were R229Q heterozygotes, of whom 2 
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FIGURE 52.16 NPHS2 (podocin) gene structure 
and variants. The eight exons of podocin are 
shown schematically, without portraying relative 
size. Mutations within the coding region (de  ned 
as variants that are associated with focal segmen-
tal glomerulosclerosis, when present in homozy-
gosity or compound heterozygosity) are shown 
above the structure. Variants not associated with 
FSGS are shown below the structure. Missense 
mutations are shown by the change in amino acid 
at the given position, with X denoting a prema-
ture stop codon. Insertions, deletions, and splice 
site variants are also shown.
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 phenotypically male.  Nephropathy typically presents in in-
fancy or early childhood, and occasionally at birth. The re-
nal biopsy shows focal or DMS, or less commonly, FSGS. 
Patients typically progress rapidly to ESRD, often within 
months and almost always by age 10. Importantly, because 
of the association with Wilms tumor, any phenotypical girl 
with diffuse mesangial sclerosis should be karyotyped and, 
especially if the result is an XY genotype, should be followed 
by serial renal ultrasound. Many clinicians advise native ne-
phrectomy at the time of kidney transplantation in order to 
alleviate further concern about Wilms tumors, especially in 
anticipation of posttransplant immunosuppression. 

 Mutations in  WT1  are found in 90% of patients with 
Denys-Drash syndrome. 1088–1092  The locations of the muta-
tions are either in the N-terminal domain (exons 1 through 
3, often in patients lacking nephropathy) or the exons 7 
through 9, disrupting the zinc   nger domains (especially at 
R394). Podocyte proliferation has also been reported, with 
the development of pseudocrescents and shrunken glom-
eruli. 1093  The authors did not speci  cally describe capillary 
collapse, but these   ndings suggest that the Denys-Drash 
phenotype may occasionally extend to collapsing glomeru-
lopathy. Slowly progressive FSGS has been reported with a 
 F392L  mutation. 1094  

 The Frasier syndrome is a triad composed of nephrop-
athy, male pseudohermaphroditism, and gonadoblastoma, 

24 distinct mRNAs. Four mRNAs predominate: these do or 
do not contain the 17 amino acids encoded by exon 5, based 
on alternate splicing, and do or do not contain the 3 amino 
acids lysine-threonine-serine (KTS) located between zinc 
  ngers 3 and 4, based on the use of alternate splice accep-
tor sites located within intron 9. mRNAs that do not encode 
KTS (KTS-) generate more potent transcriptional activa-
tors. 1085  In cells from normal individuals, the    KTS/-KTS 
ratio ranges from 1.5 to 2; in cells from Frasier syndrome 
patients with intron 9 splice-site mutations, the ratio falls 
below 1, which would increase transcriptional activity. 1086  
By contrast, Denys-Drash syndrome is associated with point 
mutations and premature stop codon mutations, particularly 
involving zinc   ngers 2 and 3. Many of the involved muta-
tions disrupt the zinc   nger structures, suggesting that the 
mutant protein might act in a dominant negative fashion to 
suppress or alter activation of target genes (although this has 
not been formally demonstrated). 1087  

 The Denys-Drash syndrome is a triad composed of 
nephropathy (DMS or FSGS), male pseudohermaphrodit-
ism, and Wilms tumor, although many patients lack the 
full triad and some may have isolated DMS. Most patients 
have a 46,XY karyotype but a 46,XX karyotype can occur. 
 Patients present commonly with ambiguous genitalia at 
birth, although up to 40% are phenotypically female and 
may present with primary amenorrhea. Rarely, patients are 

FIGURE 52.17 WT1 gene structure, mRNA structure, and mutations associated with kidney disease. The WT1 gene contains 10 exons 
(shaded boxes). At least 24 distinct mRNAs are generated, of which 4 predominate (bottom): these either do or do not contain the 
17 amino acids encoded by exon 5, based on alternate splicing, and do or do not contain the three amino acids lysine-threonine-
serine (KTS), based on the use of alternate splice acceptor sites located within intron 9. mRNAs lacking KTS generate more potent 
transcriptional activators. The Denys-Drash syndrome is associated with mutations in exons 3 and 4 (associated with normal kidneys) 
and in exons 7, 8, and 9 (especially the hotspot R394W/Q/L mutation; all are associated with DMS). Isolated diffuse mesangial sclerosis 
is also associated with mutations in exons 8 and 9. Frasier syndrome is associated with mutations in intron 9 at position  4 or  5, 
which disrupt the second splice acceptor site and lead to an excess of mRNAs that do not encode KTS (KTS-).
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appears to be a signi  cant cause of FSGS as well. 1104,1105  The 
onset of nephrotic syndrome is often before 1 year of age, 
but it can present as late as 9 years. Although some patients 
progressed to ESKD, others responded to glucocorticoids or 
cyclosporine. Interestingly, one individual homozygous for 
 PLCE1  mutation, the father of two affected children, had 
normal kidney function, suggesting that other genetic or en-
vironmental factors may contribute. 1106  

 OTHER GENES IN CHILDHOOD 
ONSET GENETIC FOCAL SEGMENTAL 
GLOMERULOSCLEROSIS 
 Two recent additions to the list of genes associated with 
FSGS are  MYO1E , encoding myosin 1E 1107  and  PTPRO , a 
tyrosine phosphatase initially described as a glomerular epi-
thelial protein-1 (GLEPP1). 1108  Mutations in  SCARB2/LIMP2 , 
a gene encoding a lysosomal membrane protein, may lead to 
action myoclonus-renal failure syndrome that can involve 
collapsing glomerulopathy. 1109  

 ACTN4 
 Pollak and colleagues 1110  identi  ed  ACTN4  mutations in 
three families with FSGS showing autosomal dominant in-
heritance. The mutations (K228E, T232I, R235P, recently 
renumbered as K256E, T260E, S263P) were in exon 8 (out 
of 21 exons). Affected individuals showed a range of phe-
notypes, from microalbuminuria and subnephrotic protein-
uria (including elderly individuals) to ESRD. Penetrance 
was incomplete, because some patients with mutations lack 
proteinuria. Importantly, in the cases identi  ed to date, pro-
teinuria does not develop until adulthood. The    -actinins 
are actin-binding and cross-linking proteins;    -actinin-4 is 
expressed in many tissues. Podocytes express    -actinin-4 
in abundant amounts and the mutant    -actinin-4 variants 
were initially shown to bind actin more tightly than does the 
wild-type protein. Mutant proteins also have an increased 
propensity to form aggregates, which Yao and colleagues 835  
suggest could explain the apparent increase in actin binding, 
and the mutant molecules have a greatly decreased half-life. 
Two models are proposed: the mutant protein is unavailable 
for cytoskeletal interactions or, alternatively, aggregates are 
cytotoxic. 

  ACTN4 -null mice develop glomerular disease, consist-
ing of foot-process effacement and GBM duplication, but 
in contrast to humans, two abnormal genes are required. 831  
Interestingly, heterozygous transgenic mice expressing the 
mouse homolog of the human K256E  ACTN4  mutation de-
velop proteinuria. 1111  Nephrin mRNA and protein expres-
sion, but not synaptopodin protein expression, were reduced 
in mouse podocytes in vivo, suggesting that cytoskeletal 
alterations affect the podocyte transcriptional program. By 
contrast, homozygous knockin mice bearing ACTN4 K228E 
manifested proteinuria and podocyte abnormalities but did 
not develop FSGS. 835  These discrepancies between the two 

although many patients lack the full triad. Patients are 
most often phenotypically female. Wilms tumors are not 
seen. Mutations in the intron 9 splice donor site are uni-
formly present. 1086,1090,1095,1096  The mutations are usually 
de novo, but in one case, maternal inheritance was been 
described. 1097  Onset of proteinuria is typically between 2 
and 18 years of age, with ESRD reached between 8 and 
20 years. FSGS is most common, and occasionally DMS 
is present. In one case, a patient with Wilms tumor was 
shown to have MCN with mild segmental hypercellular-
ity. 1098  FSGS was not demonstrated in a sample that in-
cluded more than 100 glomeruli; nevertheless, the patient 
progressed to ESRD. 

  WT1  mutations have not been identi  ed in sporadic 
FSGS or collapsing glomerulopathy, but this genomic region 
may harbor susceptibility loci. Denamur et al. 1099  found only 
1 of 37 children with steroid-resistant nephrotic syndrome 
(SRNS) or FSGS to have a  WT1  intron 9 mutation, and this 
child had other manifestations including genitourinary ab-
normalities. Orloff et al. 1100  studied 218 African American 
FSGS patients, mostly with adult-onset kidney disease, and 
found no pathogenic mutations. They studied two candi-
date genes,  WT1  and  WIT1,  which lie in close proximity 
on chromosome 11, by genotyping subjects for seven SNPs 
in  WT1  and one SNP in  WIT1 . Three SNPs were associated 
with primary FSGS or collapsing glomerulopathy (but not 
HIV-associated collapsing glomerulopathy): two SNPs in the 
 WT1  gene (odds ratio [OR] 1.7 and OR, 1.9) and one SNP 
in  WT1  (OR, 1.8). One SNP within a  WT1  intron was asso-
ciated with HIV-associated collapsing glomerulopathy (OR, 
4.3). Extending these analyses to haplotypes (particular al-
lelic combinations at multiple loci along a chromosomal seg-
ment), they observed that a haplotype comprising one  WIT1  
SNP and four  WT1  SNPs was associated with HIV-associated 
collapsing glomerulopathy, but not primary FSGS or collaps-
ing glomerulopathy. These data suggest that genetic variation 
within  WT1 ,  WIT1 , or nearby genes may contribute to sus-
ceptibility to both idiopathic and HIV-associated glomerular 
diseases in African Americans, but that the contributions of 
particular genetic variants are complex. 

 The mechanism(s) by which the WT1 transcription fac-
tor affects podocyte function leading to nephrotic syndrome 
and scarring is uncertain. Schumacher and colleagues 1101  
reported that WT1 modulates vascular endothelial growth 
factor (VEGF)A and FGF2 signaling by increasing the ex-
pression of the 6-O-endosulfatases, Sulf1 and Sulf2, which 
regulate sulfation of the extracellular matrix. Genetic hetero-
geneity of disease expression could be accounted for in part 
by a WT1-interacting protein (WTIP) that appears to act as 
a chaperone or binding protein and shuttles to the nucleus 
after podocyte injury. 1102  

 PLCE1 
 Hinkes and colleagues 1103  identi  ed recessive mutations in 
 PLCE1 , encoding phospholipase C   1, as a cause of DMS. 
It accounts for approximately one-third of cases 1104,1105  and 
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distal motor neuropathy and hand and foot deformities, who 
also had glomerulopathy. 1122  

 Mitochondrial Proteins: Mutations in 
Mitochondrial and Nuclear Genomes 
 The mitochondrial genome consists of a circular DNA mol-
ecule, approximately 16 kb in length. Mitochondrial DNA 
(mtDNA) encodes 13 essential subunits of the respiratory 
chain, 22 transfer RNA (tRNA) molecules, and 2 ribosomal 
RNA molecules. Cellular DNA replication is accompanied by 
mtDNA replication. mtDNA has a high rate of mutation when 
compared to nuclear DNA. Somatic cells possess 10 to 1,000 
copies of mtDNA, whereas the oocyte has  100,000 copies. 
When an mtDNA mutant arises or is inherited from a precur-
sor cell, it exists in a pool of mtDNA that includes wild-type 
and mutant; this variety is termed  heteroplasmy , and at least 
theoretically can range from near 0% to near 100%. 

 The mitochondrial encephalopathy, lactic acidosis and 
seizures (MELAS) syndrome involves children who pres-
ent with mitochondrial encephalopathy, lactic acidosis, 
and stroke-like episodes. In 1990, Goto et al. identi  ed an 
mtDNA mutation in 26 of 31 MELAS patients; this muta-
tion is located at position 3243 of mtDNA (A3243G) and 
involves mitochondrial tRNA Leu . 1123  MELAS has been asso-
ciated with FSGS in both children and adults, with at least 
14 reports describing patients with FSGS. 1124–1138  Of a total 
of 30 patients with FSGS described in these reports, 17 chil-
dren had typical MELAS syndrome and FSGS and 13 pe-
diatric and adult patients presented in an atypical fashion, 
either with isolated FSGS, or with deafness or type 2 diabe-
tes, or both. Importantly, the extrarenal manifestations may 
become apparent only after renal disease has appeared, with 
a lag time in some cases of many years. The diagnosis re-
quires an evaluation of mtDNA by resequencing or by other 
molecular techniques. Due to heteroplasmy, leukocyte DNA 
may or may not show the mutation, and it may be important 
to test urinary cells or kidney tissue. Of the 30 patients with 
FSGS, all but 2 patients had the  A3243G  mutation; single 
patients have been described with other tRNA mutations: 
tRNA Ile  A269G 1136  and tRNA Tyr  A5843G. 1135  

 The mechanism of glomerular injury is not well under-
stood, but giant (and presumably abnormal) mitochondria 
are present in podocytes and tubular epithelial cells. 1128  
Some patients have isolated tubulointerstitial nephritis, rais-
ing the possibility that in some cases FSGS could arise as a 
consequence of the physiologic response to nephron loss. 

 A mutation in the nuclear gene encoding the enzyme 
coenzyme Q synthase 2 (COQ2) has been identi  ed as the 
cause of at least some cases of autosomal recessive infan-
tile encephalopathy and nephropathy syndrome, where the 
renal histology typically shows FSGS. 1139  COQ2 is an es-
sential enzyme in the synthesis of COQ10, also known as 
ubiquinone. COQ10 plays an important role in electron 
transport within the mitochondrion, and also serves as an 
antioxidant. Children with the syndrome present as infants 

mouse models may indicate the limitations of this model 
system, perhaps due to the short life of the rodents, to model 
a disease that takes decades to develop in humans. 

 CD2AP 
 CD2-associated protein (CD2AP) was   rst identi  ed as 
an adaptor protein that interacts with the cytoplasmic tail 
of CD2. Surprisingly, homozygous  CD2AP  null mutation 
mice develop diffuse global glomerulosclerosis 834  and het-
erozygotes develop FSGS. 830  Subsequently, it was demon-
strated that CD2AP is expressed in podocytes, colocalized 
with F-actin in lamellipodia of cultured podocytes 1112  and 
to the slit diaphragm in vivo. 1113  CD2AP interacts with 
F-actin 1114  and nephrin. 1074,1115  CD2AP interacts with 
phosphatidylinositol 3-kinase, stimulating the AKT signal-
ing pathway and suppressing apoptosis. 1116  In a study of 
45 African Americans with FSGS and collapsing glomeru-
lopathy, six  CD2AP  variants were identi  ed. One variant, 
affecting the splice effector site in exon 7, changes amino 
acid coding (P243S) and generates a truncated protein. 830  
Two unrelated FSGS patients had the  P234S  variant; one 
patient lacked a family history of kidney disease and the 
other patient had two family members with kidney disease 
of uncertain cause. Family studies of these individuals have 
not been performed, and so it remains unclear whether the 
variant is truly pathogenic. 

 TRPC6 
 Winn et al. 1117  reported that a missense mutation ( P112G ) 
in  TRCP6  (a member of the transient receptor potential 
channel protein family) was responsible for autosomal 
dominant FSGS in a New Zealand family of British ori-
gin. Affected individuals presented in the third or fourth 
 decades of life with heavy proteinuria and 60% progressed 
to ESRD. TRPC proteins are nonselective cation channels, 
which increase calcium   ux in response to diacylglycerol. 
TRCP6 is expressed in the glomerular cells, probably in-
cluding the podocyte, and the P112G mutant protein 
exhibits increased activity. TRCP6 participates in VEGF 
receptor signaling. 1118  Thus, it is possible that increased 
signaling via the VEGF or other receptors induces podo-
cyte injury. Because TRPC6-de  cient mice show decreased 
albuminuria in response to angiotensin II infusion, 1119  an 
activating mutation of TRPC6 could increase albumin-
uria. Patch-clamp studies in cultured podocytes 1119  and in 
podocytes in intact glomeruli ex vivo 1120  have con  rmed 
TRPC6-mediated cation channel activity in these cells. 

 INF2 
 Boyer and colleagues 1121  identi  ed mutations in inverted 
formin 2, a protein involved in the regulation of the actin 
cytoskeleton, a major cause of autosomal dominant FSGS, 
typically with adolescent and adult onset.  INF2  mutations 
were also found to be present in individuals with Charcot-
Marie-Tooth disease, which is characterized by progressive 
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convincing evidence of association. The probability of false 
positive identi  cation is high, given the many genes and the 
many polymorphisms that can be tested. A convincing case 
can be made that a polymorphism (or better, a haplotype cov-
ering most or all of a gene) is relevant and requires signi  cant 
associations that are reproduced in multiple studies, ideally 
in geographically (and possibly racially) diverse populations. 

 An important recent advance has been the identi  cation 
of a locus on chromosome 22 that explains much of the ex-
cess risk for FSGS and collapsing glomerulopathy that char-
acterizes African Americans and certain African populations, 
particularly those of western Africa. Admixture mapping 
  rst identi  ed this locus and noted the association between 
certain intronic single-nucleotide polymorphisms (SNPs) in 
 MYH9 , encoding myosin heavy chain 9 and primary FSGS, 
HIV-associated collapsing glomerulopathy, and hyperten-
sion-attributed end-stage kidney disease (generally lacking 
kidney biopsies). 768, 769  A weaker association was made with 
clinically diagnosed diabetic nephropathy. 1149  Genovese and 
coworkers 1150  subsequently carried out another admixture 
mapping study and noted a stronger signal in APOL1, en-
coding apolipoprotein 1. This signal was explained by two 
codon-changing alleles (termed G1 and G2), with dramatic 
effect sizes for primary FSGS (odds ratio, 17), 773  HIV-
associated collapsing glomerulopathy (odds ratio, 29), 773,1151  
HIV-associated FSGS, 1152  and hypertension-attributed end-
stage renal disease (ESRD). 767  In normal human kidney 
tissue, apolipoprotein L1 is expressed in podocytes and glo-
merular arteriolar endothelial cells, whereas expression ap-
pears in glomerular arteriolar vascular cells in the FSGS. 1153  

 Approximately 35% of African American  APOL1  risk al-
leles are G1 or G2 risk alleles (which confer quantitatively 
similar degrees of risk), and thus approximately 12% to 14% 
of African Americans have two risk alleles. The kidney risk is 
almost exclusively recessive in nature. The estimated lifetime 
risk for primary FSGS among African Americans with two 
risk alleles is estimated at approximately 4%, compared to 
approximately 0.8% in the general African American popu-
lation. This relatively low penetrance suggests that other ge-
netic and/or environmental factors interact with the  APOL1  
risk genotype, but these factors remain to be identi  ed. 
 APOL1 -associated FSGS is associated with a faster loss of 
kidney function but appears similarly responsive to gluco-
corticoid therapy, compared to other primary FSGS. 

 Many issues about this chromosome 22 locus remain to 
be addressed. Although the association between the  APOL1  
variant and glomerular disease is strong, a causal relationship 
has not been established. After adjustment for the  APOL1  vari-
ants, intronic SNPs in  MYH9  remain associated with FSGS; 
the actual gene and mechanism underlying this effect remain 
to be determined. It is unclear if  APOL1  variants are also as-
sociated with susceptibility to adaptive FSGS. Finally, optimal 
therapy for  APOL1 -associated FSGS remains to be determined. 

 The  ACE  gene is highly polymorphic, but most pub-
lished renal disease association studies have focused on a 
single polymorphism: the intron 16  Alu  element insertion/

or, in some cases, as young children; they may also manifest 
with cerebellar ataxia, sensorineural deafness, and myopa-
thy involving skeletal muscle and the heart. Other mutations 
in COQ10 synthetic enzymes may well exist and will likely 
present as phenocopies with similar syndromic features. 

 Oligomeganephronia 
 Oligomeganephronia is characterized by bilateral renal hy-
poplasia without dysplasia or urinary tract abnormalities. 
Pathologic   ndings include diminished nephron number 
and glomerulomegaly, leading ultimately to adaptive FSGS. 
Renal function is typically impaired from birth, rises as an 
absolute value during development, reaches a plateau in 
early childhood, and begins to decrease in middle or late 
childhood. By contrast, children and adults who present 
with a single kidney most commonly have renal aplasia 
rather than renal agenesis; the distinction lies in the fact 
that a small kidney is present at birth and subsequently un-
dergoes regression. 1140  This is a common   nding, affecting 
1:1,300 newborns, and does not appear to be associated 
with oligomeganephronia or FSGS. 

 Oligomeganephronia occurs in the setting of several 
congenital syndromes. The  renal-coloboma syndrome  is due 
to mutations in  PAX2 , one of a family of homeobox genes, 
encoding paired-box–containing transcription factors. 1141  
These children may present with syndromic oligome-
ganephronia, accompanied by ocular defects, or isolated 
oligomeganephronia. 1142,1143  The  acro-renal ocular syndrome  
may include various urinary tract abnormalities, including 
renal hypoplasia 1144 ; some cases overlap with syndromes 
associated with  SALL4  mutations. 1145  Patients with  branchio-
oto-renal syndrome  present with mixed hearing loss, bilat-
eral branchial cleft   stulas, and bilateral renal dysplasia; the 
genes responsible for the majority of cases are  EYA1  and for 
an associated protein family,  SIX.  1146,1147  The  bilateral renal 
agenesis or dysplasia syndrome  may be familial, with domi-
nant inheritance. 1148  The locus has not been identi  ed. 

 Focal Segmental Glomerulosclerosis 
Susceptibility Genes 
 The mutations listed in Table 52.12 have been associated 
with FSGS that is inherited in typical Mendelian fashion, and 
 additional genes are likely to be identi  ed in the years ahead. 
As noted in the preceding text, there are striking racial dis-
crepancies in the incidence of FSGS that may be due to genet-
ic variation, but the loci responsible are not well understood. 
It is likely that there is a subtle interplay between genetic sus-
ceptibility factors (genes, nephron number), environmental 
factors (viruses, toxins), and risk factors (obesity, hyperten-
sion, dietary protein) that determines risk for both primary 
FSGS and adaptive FSGS. Therefore, FSGS likely   ts the pat-
tern of a complex genetic disease, like hypertension, type 2 
diabetes, and asthma, in which multiple genes are believed 
to interact with each other and with environmental factors. 
The search for susceptibility genes is challenging and requires 
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had normal renal function several years later. 1160,1161  How-
ever, treatment is accompanied by signi  cant steroid toxicity, 
including neoplasms 1161  and serious infection. 1162  The fre-
quent administration of high-dose, intravenous medica-
tions also is labor intensive, with signi  cant toxicity, and has 
largely been abandoned. 

 Calcineurin Inhibitors. As an alternative to prolonged 
glucocorticoid therapy, cyclosporine has been the subject 
of several randomized trials in pediatric steroid-resistant 
nephrotic syndrome (SRNS). In one uncontrolled pediatric 
study, very high-dose cyclosporine was used in an effort to 
address the hyperlipidemia of unresponsive nephrotic pa-
tients. 1163  The New York–New Jersey Pediatric Nephrology 
study group randomized 25 patients to cyclosporine (3 mg 
per kilogram, to achieve a trough level of 300 to 500 ng 
per milliliter) or placebo treatment for 6 months. 1164  Pro-
teinuria decreased by 71% in the cyclosporine group and 
was unchanged in the placebo group, although the CR and 
PR responses are not provided. Large, prospective studies 
have shown that cyclosporine may be at least as effective 
as high-dose methylprednisolone in treating FSGS. 1165,1166  
Tacrolimus has been used in a small number of steroid-
resistant nephrotic patients including some with FSGS. The 
drug helped to control the level of urinary protein loss in 
some of these patients. 1167  Given the positive results with 
cyclosporine and the potential bene  ts of tacrolimus data, 
calcineurin inhibitors are used frequently by the clinician 
treating steroid-resistant FSGS in children. 

 Cytotoxic Therapy. The response of children with FSGS to 
treatment with cytotoxic drugs has been extensively studied. 
A review of nine series involving children 722  revealed that 
23% of 247 children with FSGS were steroid responsive; 70 
of the patients were treated with cytotoxic drugs, and 21 
(30%) of the 70 responded; at the time of their last examina-
tion, 19.5% of the 247 children were in remission. It was not 
possible to determine how many of these children had FSGS 
documented when they presented with nephrotic syndrome 
and how many were found to have this lesion only when they 
became steroid resistant after having previous episodes of 
steroid-responsive nephrotic syndrome. Although chloram-
bucil 1168  and intravenous boluses of cyclophosphamide 1169  
have been reported to be effective, these agents have not 
been evaluated in a larger, prospective controlled trial. 

 Mycophenolate Mofetil. This drug induced complete or 
partial remission of proteinuria in over 50% of corticoste-
roid- and cyclophosphamide-resistant Brazilian children, 
whether given alone or in combination with other treat-
ments. 732  This study was not a controlled trial and the length 
of follow-up varied considerably. 

 Rituximab. An international, multicenter report described 
an uncontrolled analysis of the treatment of children with fre-
quently relapsing, steroid-resistant or transplant- recurrence 

deletion polymorphism. This variant has not been shown to 
alter gene expression, but could conceivably be in linkage 
disequilibrium with pathogenic mutations. 1154,1155  Although 
the results are not consistent in all populations, some evi-
dence suggests that the D allele is weakly associated with 
FSGS in Asian populations, and stronger evidence indicates 
that the D allele (or perhaps the DD genotype) may increase 
the risk for progressive loss of renal function. 

 Treatment of Focal Segmental 
Glomerulosclerosis and Collapsing 
Glomerulopathy 
 The goal of treatment of all podocyte diseases is to reduce 
proteinuria to normal or alternatively to the lowest level pos-
sible. There is clear-cut evidence that the level of proteinuria 
predicts long-term outcome. The de  nitions of response are 
presented in Table 52.7. 

 Treatment of Children 
 Approaches to pediatric FSGS show considerable hetero-
geneity. In 1997, Vehaskari 1156  surveyed 181 members of 
the American Society of Pediatric Nephrology to learn their 
therapeutic practices. Daily glucocorticoid therapy lasting 
more than 3 months was used often or sometimes by 50% 
of respondents (which the author found surprising, as there 
are no trials of this approach in children). Intravenous glu-
cocorticoids were used often or sometimes by 52% of re-
spondents. Oral cytotoxic therapy (cyclophosphamide or 
chlorambucil) were used often or sometimes by 85% of re-
spondents. The combination of intravenous glucocorticoids 
plus oral cytotoxic therapy (the Tune-Mendoza protocol and 
variants) was used often or sometimes by 44% of respon-
dents. Cyclosporine was used often or sometimes by 74% of 
respondents. ACE inhibitors were used often or sometimes 
by 92% of respondents. 

 Glucocorticoids. Because younger children undergo a ther-
apeutic trial of corticosteroids prior to biopsy, they may be 
considered by the standard ISKDC nomenclature to be ste-
roid resistant by the time they are diagnosed as having FSGS. 
However, most pediatricians do not wait for 8 to 12 weeks 
of nonresponse before performing a biopsy, and the ISKDC 
standard is suf  ciently narrow that it does not preclude the 
possibility that patients will respond to some form of gluco-
corticoid therapy. Of those patients who are found to have 
FSGS, about 15% will respond to conventional oral steroid 
therapy and have a high likelihood of retaining kidney func-
tion long term. The remaining 85% of patients are steroid 
resistant and are at a substantial risk to progress to ESRD. 1157  

 More commonly, however, a more aggressive regimen is 
necessary for steroids to be effective. In the Tune-Mendoza 
treatment regimen, patients receive high-dose, intravenous 
boluses of methylprednisolone 1158  with or without an ac-
companying alkylating agent. 1159  On this regimen, more than 
half of patients developed stable remission and the  majority 
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the Chicago study and 41% of patients in the Toronto study 
received such therapy; studies with more than 50% of pa-
tients treated with nonglucocorticoid therapy were excluded 
from this summary. Eight reports provide attained CR and 
PR rates, with relapse rates provided in four studies; the 
North Carolina study provided only sustained CR rates at 
follow-up. Two studies were prospective, uncontrolled tri-
als, and seven studies were retrospective analyses. Entry 
criteria included nephrotic-range proteinuria in   ve studies. 
Exclusion criteria included collapsing glomerulopathy in the 
North Carolina study, adaptive FSGS, variously de  ned, in 
all but the Toronto study, and impaired GFR in the Italian 
study (patients with serum creatinine levels of    3 mg per 
deciliter). Although most patients in these studies likely had 
primary FSGS, diagnostic standards for adaptive FSGS have 
differed, so it is quite possible that some patients had adap-
tive FSGS. The mean or median duration of high-dose daily 
glucocorticoid therapy (generally prednisolone or pred-
nisone 1 mg/kg/day) was 2 to 4 months, and the duration 
of total therapy was a mean and median of 3 to 9 months. 
Two studies used pulse therapy, either as initiation or as sole 
treatment. 

 Does glucocorticoid therapy increase the likelihood of 
remission? Spontaneous remission is rare, occurring with 
conservative treatment in 4% (two patients with CR) 1157  and 
6% (two patients with PR). 1175  As shown in Table 52.13, with 
treatment, CR rates ranged from 0% to 44%, and combined 
remission rates (CR plus PR) ranged from 33% to 59% (with 
data on PR lacking from two studies). None of the studies 
were randomized, but three studies described the outcome 
in a comparison group that did not receive immunosuppres-
sive treatment. Rydel et al. 1175  reported that remission rates 
were higher with treatment (CR, 33%; PR, 17%) than with 
conservative treatment (CR, 0%; PR, 7%). Conversely, Stiles 
et al. 1178  noted that remission rates were similar in patients 
receiving either prednisone (CR, 0%; PR, 42%) or conserva-
tive therapy including ACE inhibitors (CR, 0%; PR, 60%). 
Franceschini et al. 1180  found that CR rates at 18 months of 
observation were similar with prednisone (11%) and con-
servative therapy (11%), but they did not provide PR rates; 
it appears that CR is uncommon with ACE inhibitor and 
ARB therapy. One consideration is that the aggressive use of 
ACE inhibitors for proteinuric patients is a relatively recent 
phenomenon, becoming more common after the publica-
tion of the landmark captopril trial in diabetic nephropa-
thy in 1993. 1182  This might explain the lower response rate 
in the conservative treatment group observed by Rydel and 
colleagues 1175  (patients diagnosed 1975 to 1993), compared 
to Stiles and colleagues 1178  (patients diagnosed from 1992 
to 1999). 

 Does a longer total duration of glucocorticoid therapy 
improve the chance of remission (combined CR plus PR) 
or CR? Two intrastudy comparisons argue for and two ar-
gue against this hypothesis. In the Italian study, 1176  patients 
treated longer than 16 weeks were also more likely to reach 
CR than those treated less than 16 weeks (61% versus 15%; 

nephrotic syndrome, using this B-cell–regulating antibody. 
There were 28 patients in the   rst group, 27 patients in the 
second group, and 15 patients in the third group; 82% of 
 patients in group 1, 44% of patients in group 2, and 60% 
of patients in group 3 had a good initial response. 1170  In 
 another report, rituximab was effective at inducing a sus-
tained remission in 20 of 24 steroid-dependent nephrotic 
children and, in 33 steroid-resistant nephrotic children, in-
duced complete remission in 9 and partial remission in 7. 
Response was sustained in 15 of these 16 patients after a 
mean time of 21.5 months. 708  Although a controlled trial 
remains to be performed and concerns regarding the mech-
anism of action and potential toxicity must be addressed, 
these initial   ndings are promising. 

 Other Therapies. Recently, the National Institutes of Health 
(NIH)-funded FSGS –Controlled Trial randomized 138 chil-
dren and young adults with steroid-resistant FSGS to cyclo-
sporine plus low-dose prednisone versus mycophenolate 
mofetil and pulse oral dexamethasone for 52 weeks, together 
with low-dose prednisone for the   rst 26 weeks. 1171  At the 
end of the study, the proteinuria class (primary outcome) 
was statistically similar between groups, although the cyclo-
sporine arm had signi  cantly lower proteinuria at 26 weeks 
and a numerically greater remission rate at 52 weeks. Relapse 
rates were statistically similar between groups, although 
they were numerically higher in the cyclosporine arm. Thus, 
these two treatment approaches were deemed comparable in 
ef  cacy and safety. 

 Treatment of Adults with Primary Focal 
Segmental Glomerulosclerosis and Collapsing 
Glomerulopathy 
 There is a wide range of therapeutic approaches to adults 
with FSGS and collapsing glomerulopathy. For simplicity, 
the following discussion will use the term FSGS for both 
conditions, because most references have not distinguished 
between the two disorders. Because collapsing glomeru-
lopathy may follow a more aggressive course compared to 
primary FSGS, a common approach is to pursue more ag-
gressive therapy, but there are no prospective data to support 
this approach. 

 Glucocorticoids. Glucocorticoids are widely accepted as an 
initial therapy for adult FSGS and collapsing glomerulopa-
thy, although there is considerable controversy as to the dose 
and duration of therapy and no randomized controlled trials 
have been carried out. The mechanism of action is unclear. 
Possible mechanisms include immunosuppression, the ac-
tivation of podocyte antioxidant enzymes, 1172  and stabiliza-
tion of the podocyte cytoskeleton. 1173  

 In Table 52.13 are summarized nine studies of gluco-
corticoid therapy for adult FSGS that have been reported in 
the last 20 years. Two studies included patients who received 
additional immunosuppressive therapy: 10% of patients in 
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TA B L E

Clinical Trials of Glucocorticoid Therapy for Adults with Focal Segmental 
 Glomerulosclerosis (FSGS): Regimen, Remission,  Relapse, and Long-Term Outcome

First Author 
Location, Year  Design  N

Black 
Subjects

Nephrotic 
Proteinuria  Glucocorticoid Therapy

Total 
Prednisone 
Dose Equivalent

Agarwal, New Dehli, 
1993

Prospective  65 (23 lost)  0%  100%  High dose 8–12 wk
Taper to 6 m

ND

Rydel, Chicago, 1995  Retrospective  30  63%  100% High dose  8 wk in 67%, 
total therapy mean 
5 mo

ND

Cattran, Toronto, 1998  Retrospective  17  0%  100%  Total therapy median 5 mo 
range 2–50 mo

6.4 g

Ponticelli, Italy, 1999  Retrospective  53  0%  100%  A)  High dose for 8 wk, total 
therapy mean of 6 mo

B)  High dose for 8 wk, total 
therapy mean of 5 mo

A) 6.4 g 

B) ND

Chitalia, New 
 Zealand, 1999

Retrospective  28  0%  ND  High dose 6–8 wk, maxi-
mum duration 12 wk

ND

Stiles, Washington, 
DC, 2001

Retrospective  12  83%  100%  High dose prednisone mean 
4 mo (alternate day in 
17%)

8.4 g

Pokhariyal, 
 Lucknow, 
India, 2003

Retrospective  83 (12 lost)  0%  59%  High dose prednisolone 
mean 3 mo

5.6 g

Franceschini, North 
Carolina, 2003

Retrospective  36  31%  ND High dose daily or alternate 
day for mean of 9 mo

10.6 g

Nava Bethesda, 2012  Prospective  21  50%  100%  Pulse oral dexamethasone 
for 6 or 8 mo

9.6 g

52.13

The results of nine studies, describing 338 adult focal segmental glomerulosclerosis (FSGS) patients with nephrotic range proteinuria who were treated 
primarily with glucocorticoids, are presented in chronological order. The number (N) of patients with nephrotic range proteinuria who were treated with 
glucocorticoids is shown. Nephrotic range proteinuria was variously de  ned as  3 g/day,  3.5 g/day, or  3 g/day/1.73 m2. High dose prednisone is 
de  ned as prednisone or prednisolone at a dose of  1 mg/kg/day. In the Italian study, patients received either regimen A) prednisone 1 mg/kg/day for 
8 weeks, followed by a taper to a mean of 24 weeks, or regimen B) 3 doses of intravenous methylprednisolone, followed by prednisolone 0.5 mg/kg/day 
for 8 weeks, and then a taper to a mean of 19 weeks. In the Bethesda study, patients received oral dexamethasone at a dose of 100 mg/m2 monthly. For 
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Other 
Immunosuppressive 
Therapy

CR 
De  nition  CR  PR De  nition  PR

CR 
  
PR  Relapse

Final Status 
(Duration 
Observation)  Reference

None  0.3 g/day 18%  2 g/day  15%  33%  NS  ESRD 5% (34 mo)  1174

Cytotoxic therapy 
(10%)

 0.25 g/day 33%  2.5 g/day 17%  50%  From CR or 
PR: 67%

CR 30%, PR 16% 
ESRD 20% 
(79 mo) 
(additional 
therapy used)

1175

Cyclophosphamide 
(41%)

 0.2 g/day 47%  ND  ND  ND  From CR: 38%  CR: 47% ESRD 
29% (155 mo)

1157

None  0.2 g/day 40%  2 g/day 19%  58%  From CR or 
PR: 55%

ND  1176

None  0.3 g/day 21%  ND  ND  ND  ND  ND  1177

None  0.2 g/day 0%  3 g/day 42%  42%  ND  ND  1178

None  0.3 g/day 25%  2 g/day or 
50% 
decrease 
if subne-
phrotic

25%  50%  ND  ND  1179

Cyclophosphamide 
3, cyclosporine 
3 (17%)

 0.6 g/day ND  ND ND  ND  ND  CR 11% ESRD 
18% (27 mo)

1180

None  0.3 g/day 0%  2 g/day 33%  33%  From CR or 
PR: 60%

CR 10%, PR: 32% 
ESRD 14% 
(5.4 yr)

1181

Nava, sub-
mitted

total mean prednisone dose, the value was provided by the reference or was calculated from the mean duration and assumes a mean weight of 70 kg if the 
reference described the total dose in mg/kg or a mean body size of 1.73 m2 if the dosing was by body surface area. The de  nitions of complete remission 
(CR) and partial remission (PR) are shown. The two studies from India lacked complete follow-up for end-point determination; for the present analysis, 
calculation of outcome made here on the conservative intention to treat basis with the assumption that patients lost to follow-up were nonresponders. The 
mean duration of follow-up is shown and percent of patients who achieved remission are shown. ESRD, end-stage renal disease; ND, no data provided; 
NS, not speci  ed.
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 ■  Similar  minimum duration of high-dose  daily glucocor-
ticoid therapy (approximately 1 mg per kilogram), 
speci  ed in only three studies: high-response studies 
(8 weeks in the Chicago study) versus low-response 
studies (6 weeks in the New Zealand study, 8 weeks in 
the New Delhi study) 

 ■  Similar use of  daily  glucocorticoid therapy (as opposed 
to alternate day or intermittent pulse therapy) in high-
response studies (3 of 3 studies, excluding the Italian 
study which used both) and low-response studies (3 
of 4 studies; the Washington DC study used alternate 
day therapy in 17% and the Bethesda study using pulse 
therapy in 100%) 

 ■  Similar  mean/median total duration  of glucocorticoid 
therapy in high-response studies (3, 5, 5.5, 5 months) 
compared to low-response studies (4, 6 months; not ap-
plicable in the Bethesda study and no data from the New 
Zealand study) 

 ■  Similar total prednisone equivalent doses in high-
response studies, when data were provided (5.6, 6.4, 
6.4 g) compared to low-response studies (8.4, 8.6 g) 

 ■  More use of other immunosuppressive therapy in high 
response studies (2 of 4 studies) than in the low-re-
sponse studies (0 of 4 studies) 

 Although these interstudy comparisons are qualitative 
in nature, because of the limitations of varying study design 
and study reporting, they do not suggest any compelling 
hypotheses to explain the difference between high-response 
and low-response studies but do suggest that combination 
therapy may be superior. 

 Relapses were common, occurring in 38% to 67% of 
remitting patients. Often, patients who experienced relapse 
were brought back into remission with additional gluco-
corticoid therapy or other treatment. Surprisingly, the re-
mission status at last follow-up was generally higher with 
a greater length of observation (duration from presentation 
or from initiation of therapy), ranging from 11% (CR only, 
mean 18 months observation) through 21% (CR plus PR, 
mean 20 months observation) to 46% (CR plus PR, mean 
79 months observation) and 44% (CR only, 155 months). 

 Do children respond better than adults to therapy, 
 including with glucocorticoids? In the only study that com-
pared children and adults, Cattran and Rao 1157  suggested that 
CR rates were similar in children (47%) and adults (44%). 

 Can clinicians identify patients who are most likely to 
respond to glucocorticoid therapy? Shiiki et al. 1183  studied 
the likelihood of response to any immunosuppressive ther-
apy in 35 adults with primary FSGS, of whom 66% experi-
enced a CR or PR, and found the following were signi  cant 
predictors of nonresponse on multivariate logistic regression 
analysis: larger mean glomerular diameter (OR, 2.93; CI, 
1.07 to 7.92;  p      .04) and more severe tubulointerstitial 
changes (OR, 8.86; CI, 1.06 to 43.9;  p      .04). By contrast, 
other investigators studying 30 adult FSGS patients 1175  and 
81 adult FSGS patients 1179  could not identify any clinical or 

relative risk, 4.0;  p     .01). Multivariate analysis indicated that 
only the duration of glucocorticoid therapy (and not other 
clinical or histologic variables) predicted CR. These authors 
found that most responders entered remission after 6 months 
of therapy, although this observation derives from all treated 
patients (adults and children, glucocorticoids, and other im-
munosuppressive therapy). In the Lucknow study, 1179  pa-
tients treated for more than 16 weeks were more likely to 
remit than those treated for less than 16 weeks (p    .01); 
the relative risk of remission was similar in nephrotic and 
nonnephrotic patients (1.6 and 1.5, respectively), although 
treatment duration was not signi  cantly different between 
remitters and nonremitters in either group studied alone. 
Conversely, in the Chicago study, 1175  the duration of daily 
prednisone therapy was similar in remitting patients and in 
nonremitting patients (5.7 versus 5.5 months). In the Toronto 
study, 1157  the median duration of daily prednisone was simi-
lar for those patients in CR at follow-up and those not in CR 
(5 months compared to 6 months). Furthermore, the median 
time to CR was 4 months, with a range of 0.5 to 6 months, 
which the authors interpreted to mean that therapy beyond 
6 months is unlikely to add to the response rate. 

 Does a longer duration of high-dose daily therapy im-
prove the chance of remission? Only one (retrospective) 
study, the one from Chicago, 1175  addresses this hypothesis. 
The duration of daily prednisone at a dose of    60 mg per 
day was greater in remitting patients than in nonremitting 
patients (mean 2.7 months versus mean 1.5 months,  p     .01, 
and median 3 months versus median 1 month). 

 How do the high-response rate studies differ from the 
low-response rate studies? The studies can be arbitrarily 
dichotomized into four high-response studies (CR    25%) 
and four low-response studies (CR    25%). The North 
Carolina study 1180  is excluded because it did not provide 
attained response rates and provided sustained response 
rates at follow-up. The high-response studies 1157,1175,1176,1179  
(Chicago, Toronto, Italy, and Lucknow) showed CR rates of 
25% to 44% and combined response rates of 50% to 59% 
(PR data were not provided in the Toronto study). The low-
response studies 1174,1177,1178,1181  (New Delhi, New Zealand, 
Washington DC, and Bethesda) showed attained CR rates 
of 0% to 21% and combined response rates of 33% to 42%. 
(The Lucknow study 1179  would have been classi  ed as a 
high-response study [31% CR] if the analysis excluded lost 
patients, as the authors proposed.) A qualitative interstudy 
comparison of the high-response studies with the low-
response studies follows: 

 ■  Similar prevalence of African Americans in high-
response studies (0%, 0%, 0%, 63%) and low response 
studies (0%, 0%, 50%, 83%) 

 ■  Similar  mean duration of high-dose  daily glucocorti-
coid therapy (approximately 1 mg per kilogram) in 
 high-response studies (8, 8, 12, 12 weeks) compared to 
low-response studies (7, 10, 16 weeks; not applicable in 
the Bethesda study) 

1486



CHAPTER 52 ■ NEPHROTIC SYNDROME AND THE PODOCYTOPATHIES 1487

observed, limited to bone loss exceeding 3% in one patient 
(7%) and no hypertension, diabetes mellitus, avascular necro-
sis, glaucoma, cataract, or adrenal suppression were observed. 

 Calcineurin Inhibitors and Cytotoxic Therapy. The lit-
erature on glucocorticoids is extensive due to the number of 
studies available and the controversies involved. By contrast, 
calcineurin inhibitors, and cyclosporine in particular, are gen-
erally accepted as standard therapy, although these agents do 
have signi  cant limitations. Cyclosporine has been used to 
treat FSGS for approximately 20 years. 1186  Six studies have 
suggested combined CR and PR rates of 30% to 80%, CR rates 
of 0% to 25%, and relapse rates of 43% to 100%. 717,1165,1187–1190  
Two of these trials were prospective trials. Ponticelli et al. 717  
studied 28 adult patients and 19 pediatric patients with FSGS; 
of those receiving cyclosporine 57% experienced CR or PR and 
40% of these remained in remission after 2 years. In the high-
est quality study, Cattran et al. 1165  studied 49 adult FSGS pa-
tients with steroid resistance, de  ned as nephrotic proteinuria 
despite    8 weeks of glucocorticoid therapy. Patients were ran-
domized to cyclosporine or placebo, together with low-dose 
prednisone (0.15 mg/kg/day). At the end of the study, CR oc-
curred in 12% of the treatment arm and 0% of the control arm, 
whereas PR (de  ned as a 50% decrease in proteinuria, becom-
ing subnephrotic, and a preserved GFR) occurred in 57% of 
the treatment arm and 4% of the control arm. At 78 weeks and 
again at 104 weeks of follow-up, 50% of those with CR and 
PR had experienced relapse. Cyclosporine also signi  cantly re-
duced the chance of doubling serum creatinine over a 2-year 
period. Taken together, these six studies show a consistent 
effect of cyclosporine to reduce proteinuria in patients with 
FSGS (and possibly collapsing glomerulopathy, although this 
diagnosis was not standard when these trials were carried out). 

 Current recommendations are typically to initiate cyclo-
sporine therapy at a dose of 3.5 mg/kg/day in a divided dose, 
with dose adjustment to achieve trough levels of 125 to 
225 ng per milliliter (some nephrologists might aim for the 
slightly lower level, perhaps 100 to 150 ng per milliliter). 1191  
Prednisone is not generally added unless a patient is already 
receiving it. Given the high relapse rate, many nephrologists 
opt to extend therapy to 1 or 2 years, or in some cases for 
a longer duration. A note of caution about pursuing pro-
longed cyclosporine therapy was raised by Meyrier and col-
leagues, 1189  who noted that histologic injury progressed in 
some patients, including some patients who remained in CR. 
Risk factors for histologic progression included cyclosporine 
dose    5.5 mg per day, renal insuf  ciency prior to initiat-
ing cyclosporine therapy, and a high percentage of glomeruli 
with FSGS on initial renal biopsy. It seems prudent to taper 
cyclosporine over several months when a patient has been in 
CR or PR, rather than abrupt cessation of therapy, but there 
are no published data that support this recommendation. 

 There are limited data addressing the use of tacrolimus 
in FSGS. Three studies involving a total 29 patients have 
been published: one study in children 731  and two studies in 
adults. 1167,1192  There is no reason to predict that tacrolimus 

histologic features that predicted a response to therapy on 
multivariate analysis. 

 What is the toxicity of a prolonged course of glucocorti-
coid therapy in adults? There are few published data on the 
toxicity of daily prednisone when used for FSGS. The To-
ronto study, 1157  with a mean observation time of 155 months, 
reported four deaths (two patients who received only glucocor-
ticoids, one patient who had received glucocorticoids and cy-
clophosphamide, and one patient who received neither). The 
Washington, DC study, 1178  with a mean observation time of 
18 months, reported that 41% of patients experienced severe 
adverse events (diabetes mellitus, hypertension exacerbation, 
cellulitis, and severe myopathy). In the Lucknow study, 1179  
16% of patients experienced signi  cant adverse events (dia-
betes mellitus, infections, Cushingoid facies, and dyspepsia). 

 Is alternate day glucocorticoid therapy an effective 
option, with the prospect of less toxicity? This regimen is 
widely used, particularly for patients who are at an increased 
risk of adverse events, but the published data supporting this 
regimen are sparse. In 1977, Bolton et al. 1184  reported on 
the treatment of 81 adult patients with nephrotic syndrome, 
including 10 patients with FSGS, using prednisone 60 to 
120 mg on alternate days for up to 10 years. In the FSGS 
group, CR or PR (de  ned as a    50% decrease and    3 g 
per day) occurred in three patients (30%). In the entire pa-
tient group, the regimen was well tolerated, being associated 
with one adverse event per 12 patient years of therapy. These 
adverse events included Cushingoid facies (10%), cataracts 
(6%), bone disease (5%), psychosis (1%), cytopenia (7%), 
infection (2%), and stroke (2%). Nagai et al. 1185  reported a 
case series of 17 patients older than age 60 with FSGS; 82% 
were nephrotic. Nine patients received 100 mg prednisone 
on alternate days, with 2 patients also receiving oral cyclo-
phosphamide. Five patients entered remission (CR, 4; PR, 1), 
all of whom received prednisone only. A control group of 
8 patients did not receive treatment and experienced only 
one PR. Two patients died during follow-up (of pancreatic 
cancer and stroke); other adverse events were not described. 
These limited data do support further studies of alternate 
day therapy. Some patients in the North Carolina study 1180  
received alternate day prednisone, but there no data were 
presented comparing daily and alternate day therapy. 

 If the high response-rate studies suggest that total therapy 
duration in excess of 4 months is desirable, does intermittent 
pulse therapy for an extended duration offer similar ef  cacy 
with an acceptable safety pro  le? The Bethesda study 1181  was 
a small open-label study of oral pulse dexamethasone (25 mg 
per square meter, given on each of the   rst 4 days of each 
4 week cycle), administered over 32 weeks to 14 patients. A 
distinguishing feature of the inclusion criteria was nephrotic 
proteinuria despite aggressive ACE inhibitor or ARB therapy, 
which might be expected to reduce the PR rate compared to 
studies that added these agents as part of the regimen. The ef  -
cacy outcomes would place this study in the low-response cat-
egory: the CR response rate was 7% and the combined CR and 
PR response rates were 36%. A low rate of adverse events was 
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Therapy consisted of 6 months of MMF (dosage, 1.5 g per day; 
actual duration, 3 to 18 months because two patients were 
noncompliant) combined with prednisone (0.25 mg/kg/day, 
tapered to a maximum of 10 mg per day over 6 weeks). Inclu-
sion criteria included nephrotic range proteinuria and creati-
nine clearance    30 mL/min/1.73 m 2 . Outcomes included 0 
CR; 6 PR (de  ned as 50% fall, becoming subnephrotic, and 
stable GFR), 33%; 2 patients with proteinuria response (de-
  ned as 50% fall in proteinuria), 11%; and 10 patients with no 
response, 56%. Among the 6 PR, further follow-up included 
1 CR on MMF plus cyclosporine, 1 continued PR on MMF, 
2 sustained PR off MMF (duration of observation off therapy 
approximately 10 months) and 2 relapses off MMF. Therefore, 
the sustained PR off-therapy was 12% (2/16 patients, with 
2 patients continuing therapy). These results are less favorable 
than those from the initial single-center report. Further stud-
ies are needed to examine ef  cacy—in particular, sustained 
remission rates—in additional populations. 

 Consistently, nephrotic patients who are sensitive to 
other therapies tend to respond to mycophenolate also. 
Thus, among 7 glucocorticoid-sensitive British adults with 
MCN or FSGS, all had a RR or PR in response to myco-
phenolate. 703 By contrast, Segarra Medrano et al. 1202  found 
that among 27 cyclosporine-resistant Spanish adults with 
primary FSGS, combined cyclosporine plus and mycophe-
nolate treatment induced remission in only 15% of subjects. 
A similar pattern with mycophenolate response, tracking re-
sponse to glucocorticoids, was seen in Spanish children. 1201  

 A single randomized controlled trial has compared 
MMF for 6 months plus low-dose prednisolone (0.5 mg/kg/
day for 2 to 3 months) versus prednisolone 1 mg/kg/day for 
3 to 6 months in 33 Indian FSGS patients 1202  ). Remission 
rates ( 70%) and relapse rates ( 30%) were similar in the 
two arms, but time to remission was faster with MMF. 

 Rituximab. Several case series of rituximab monotherapy 
for adult patients with FSGS, who were typically glucocorti-
coid resistant, have shown that a minority respond and most 
relapse. 1203,1204  If a place is to be found for rituximab, it will 
be in combination with other therapies or perhaps in well-
de  ned patient subsets. 

 Effect of Immunosuppressive Therapy on Renal Survival. 
Does immunosuppressive therapy (glucocorticoids alone or 
glucocorticoids combined with other therapy) increase the like-
lihood of renal survival? There are no randomized controlled 
studies that address this question, and therefore, the possibility 
of treatment selection bias limits the use of the four nonrandom-
ized studies that are available. Alexopoulos et al., 1205  in a study 
from Greece, found improved survival in treated nephrotic pa-
tients compared with untreated nephrotic patients, with 5-year 
renal survival of 86% versus 65% ( p     .03 by Kaplan Meier sur-
vival analysis). Four retrospective studies were identi  ed that 
provided outcome analysis for immunosuppressive treatment 
and control groups, with separate identi  cation of nephrotic 
and nonnephrotic patients (Table 52.14). A pooled analysis of 

would be superior to cyclosporine in terms of nephrotoxic-
ity, and the response rates appear to be similar to those seen 
with cyclosporine. The toxicity pro  le differs between cyclo-
sporine and tacrolimus and this may in  uence the selection 
of medication for a particular patient. 

 The mechanisms by which cyclosporine and tacroli-
mus reduce proteinuria, in primary podocyte diseases and 
in other glomerular diseases, are unknown. The immuno-
suppressive action of these agents may contribute, but there 
is no certain evidence that this is the case. Sharma et al. 1193  
demonstrated that cyclosporine antagonizes the permeability-
enhancing properties of FSGS permeability factor on isolated 
rat glomeruli, suggesting that cyclosporine may have direct 
effects on glomerular cells. This hypothesis is supported by 
studies from Faul and colleagues, 1194  in which they found 
that cyclosporine blocks the calcineurin-dependent dephos-
phorylation of synaptopodin, protecting synaptopodin from 
cathepsin-mediated degradation and preserving cytoskel-
etal structure. Other direct effects on podocytes have been 
identi  ed for glucocorticoids, 1195  thiazolidinediones, 1196  and 
aldosterone antagonists. 1197  These studies further support 
the notion that podocyte dysfunction occurs in parallel to, 
rather than as a result of, immune abnormalities in the pri-
mary podocytopathies (see Relationship of the Immunologic 
 Abnormalities to Disease Pathogenesis, earlier in this chapter). 

 Cytotoxic therapy, including cyclophosphamide and 
chlorambucil, plays a very limited role in adults with steroid-
resistant FSGS and collapsing glomerulopathy. Korbet et al. 1198  
reviewed the literature and found that among 105 steroid-resis-
tant patients, cytotoxic therapy was associated with CR in 11% 
and PR in 11%. By contrast, the responses were better among 
33 steroid-responsive patients (CR, 52%; PR, 24%), suggesting 
that in patients with steroid-dependent or frequently relapsing 
FSGS, these agents may be a reasonable choice. 

 Mycophenolate Mofetil. Cyclosporine has demonstrated 
limited ef  cacy in the treatment of FSGS, and has the draw-
backs of exacerbating hypertension and potential nephrotox-
icity with prolonged therapy. Mycophenolate mofetil (MMF) 
is an appealing alternative therapy. In Baltimore, Choi et 
al. 1199  reported results with MMF used in clinical practice in 
18 adults with FSGS (at least 1 of these patients had collaps-
ing glomerulopathy). CR was de  ned as a urine protein/cre-
atinine ratio of    0.3; PR was de  ned as a    50% fall in the 
urine protein/creatinine ratio. MMF was administered for a 
mean of 8 months (range, 4 to 22 months) to 9 nephrotic 
patients, 7 of whom also received glucocorticoids. At the end 
of treatment, 1 patient was in CR, 3 in PR, and 5 did not re-
spond (response rate 44%). At follow-up, 2 patients were in 
CR (MMF continued and 8 months after MMF withdrawal, 
respectively) and 1 patient was in PR (12 months after MMF 
withdrawal), for a sustained response rate of 33%. 

 Cattran et al. 1200  reported the results of a prospective, mul-
ticenter uncontrolled study of patients with glucocorticoid-
resistant FSGS in Toronto, Baltimore, and New York; 18 patients 
participated, of whom only 22% were African American. 
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these studies shows that immunosuppressive therapy is asso-
ciated with a relative risk of ESRD of 0.52 (CI, 0.32 to 0.84; 
 P      .02) in nephrotic patients and 0.45 (CI, 0.11 to 1.84;  P      
NS) in nonnephrotic patients. Therefore, the treatment-effect 
size is similar in nephrotic and nonnephrotic patients, but only 
in nephrotic patients is the treatment effect statistically signi  -
cant. The Greek study is an outlier in two respects: use of other 
immunosuppressive therapy (70% of patients, compared with 
10% in the other three studies combined) and the effect size 
(no ESRD observed with treatment of nephrotic patients). If the 
Greek study is omitted from analysis, the relative risk of ESRD 
with treatment in the remaining three studies is 0.59 (CI, 0.36 
to 0.97), which remains statistically signi  cant ( P      .02) and 
clinically signi  cant. 

 Without randomized trials, the problem of treatment se-
lection bias is a major concern and greatly limits the impact 
of these   ndings. In this regard, the authors of the North 
Carolina study carried out proportional hazards analysis and 
found that when controlling for relevant clinical factors (age, 
sex, race, smoking status, use of ACE inhibitors or ARB, en-
try serum creatinine level, and entry proteinuria), immuno-
suppressive therapy had no effect on renal survival. 1180  

 Other Therapies. Several other therapeutic approaches 
have been tried for therapy-resistant FSGS patients. In an 
uncontrolled pilot study, the nonsteroidal anti-in  ammatory 
agent meclofenamate reduced urinary protein loss by 40% 
without decreasing GFR in more than half of the 30 steroid-
resistant nephrotic adults studied, 16 of whom had FSGS. 1206  
The antioxidant vitamin E, 200 IU twice daily, was studied 
in an open-label study involving 11 therapy-resistant pediat-
ric FSGS patients and was associated with a fall in the mean 
protein/creatinine ratio from 9.7 to 4.1 ( P     .005). 1207  The 
anti  brotic agent pirfenidone was also studied in an open-
label trial involving 20 adult FSGS patients and was found to 
slow the progressive loss of GFR by 35% ( P     .03) without 
affecting proteinuria. 1208  

 Although plasmapheresis has been used to treat recur-
rent FSGS in patients undergoing transplantation (see Trans-
plantation section, later in this chapter), there is no evidence 
to support the routine use of this treatment in FSGS occur-
ring in native kidneys. 1209  

 CONSERVATIVE THERAPY AND 
THERAPY FOR ADAPTIVE FSGS 
 Therapy for primary FSGS aims for remission, typically with 
agents that are classed as immunosuppressive agents but 
likely have direct effects on the podocytes, whereas therapy 
for adaptive FSGS focuses on agents that have favorable 
effects on glomerular hemodynamics and on glomerular   -
brosis. Although the latter therapy is commonly termed con-
servative, in certain settings, particularly adaptive FSGS, it 
can have a dramatic effect to reduce protein and slow the pro-
gressive loss of kidney function. These different approaches 
suggest that the pathologist and nephrologist should work 

together to assess the presence of features that can distin-
guish primary FSGS from adaptive FSGS (Table 52.10). 

 Conservative therapy for chronic kidney disease has 
several elements: blood pressure control, renin-angioten-
sin system (RAS) antagonism, dietary sodium restriction, 
 smoking cession, and weight loss if indicated. 

 All patients with primary FSGS, whether they are re-
ceiving immunosuppressive therapy or not, should adhere 
to a conservative regimen if they have proteinuria (best evi-
dence for this recommendation if proteinuria    1 g per day) 
or impaired GFR. This regimen is likely effective in genetic 
FSGS (few data are available) and, as noted, can be strikingly 
effective in adaptive FSGS. 

 Blood pressure should be controlled to    130/80 mm Hg 
as recommended by the Joint National Committee VII. 1210  
Although certain ACE inhibitor trials have included FSGS 
among multiple diagnoses, 1211  few studies have provided data 
on substantial numbers of primary FSGS patients (reviewed 
in Korbet 1212 ). Stiles et al. 1178  retrospectively compared the re-
sults in 22 nephrotic adults with primary FSGS, of whom 10 
received prednisone at a dose of approximately 1 mg/kg/day 
for a mean of 4 months (range, 1 to 6 months) plus ACE in-
hibitors, and 10 received ACE inhibitors alone. Outcomes 
were similar, with no CR in 5 patients, and PR occurring in 
6 patients. Proteinuria fell by 33% with glucocorticoids and 
65% with ACE inhibitors. The patient population at the 
 Walter Reed Army Medical Center was predominantly young 
and male and disproportionately (86%) African American. 
The authors concluded that although the study was too small 
for de  nitive conclusions, conservative therapy was not infe-
rior to glucocorticoids in this population. In a small controlled 
trial, losartan reduced proteinuria from 3.6 to 1.9 g per day in 
13 FSGS patients, whereas a control group experienced an in-
crease in proteinuria. 1213  Conversely, a retrospective study 1214  
of 42 African American patients treated with ACE inhibitors, 
glucocorticoids, both, or neither, was unable to demonstrate a 
protective effect of ACE inhibitors in delaying progression to 
ESRD compared to 6 untreated patients. 

 ACE inhibitors and ARBs have a major role to play in 
adaptive FSGS. Praga et al. 1215  showed that captopril therapy 
over 12 months reduced proteinuria to a greater extent in 
adaptive FSGS (associated with reduced nephron mass and 
re  ux nephropathy) compared to primary FSGS. Next, Praga 
and colleagues studied 17 patients with obesity-associated 
proteinuria (   1 g per day); renal histology obtained from 
5 patients documented FSGS in only 2 patients. Captopril 
therapy in 8 patients lowered proteinuria by 79% (mean, 3.4 g 
per day falling to 0.7 g per day); interestingly, weight loss in 
9 patients (mean BMI falling from 37 kg per square meter to 
33 kg per square meter) was associated with a similar fall in 
proteinuria by 86% (mean, 2.9 g per day falling to 0.4 g per 
day). Unfortunately, Praga and colleagues 884  subsequently 
reported that the proteinuria reduction induced by ACE in-
hibitors is lost after 12 months. Still, early treatment with 
ACE inhibitors appears to preserve renal function in obesity-
associated FSGS, although appropriate controls are lacking. 

1490



CHAPTER 52 ■ NEPHROTIC SYNDROME AND THE PODOCYTOPATHIES 1491

 medication is probably best managed by withdrawing the 
implicated medication and instituting conservative therapy. 
The  clinician selecting therapy for patients with genetic FSGS 
(i.e., patients with single-gene variants with high penetrance) 
should consider three approaches. First, a few  genetic loci 
have been associated with complete or partial glucocorticoid 
sensitivity in some individuals (e.g., PLCE1 1103 ). Second, 
RAS antagonist therapy, coupled with sodium restriction and 
diuretic therapy, reduces proteinuria in many such patients 
and may stabilize the podocyte phenotype, possibly retard-
ing progressive glomerulosclerosis. Third, other agents with 
direct effects on the podocyte may be considered for a thera-
peutic trial in a given patient, particularly in the presence of 
nephrotic proteinuria. Thus, cyclosporine reduces protein-
uria in selected individuals with NPHS2 mutations, 1066  and 
this may also prove to be the case with other agents used for 
nephrotic diseases. 

 It should be noted that there are signi  cant parallels 
but some differences between the approach to pediatric 
and adult patients. In particular, the majority of nephrotic 
children (those age 1 to 9 years) will have received an 
empirical trial of corticosteroids for 4 to 8 weeks before 
biopsy, and already have been de  ned as being steroid 
resistant, albeit by ISKDC criteria rather than by response 
to the longer course used in adults. This may be appro-
priate given the relatively aggressive course of classical 
FSGS often observed in young children. There are many 
areas of uncertainty where there are no published data to 
determine the balance between the risks and bene  ts of 
immunosuppressive therapy, including in the following 
patient populations: 

 ■  Patients with subnephrotic proteinuria at presentation, 
especially those with proteinuria    2 g per day (most 
experts would not use immunosuppressive therapy) 

 ■  Patients who become subnephrotic with therapy with 
ACE inhibitors, ARBs, or the combination, coupled 
with sodium restriction and blood pressure control to 
   130/80 mm Hg, particularly in whom proteinuria falls 
to    2 g per day 

 ■  Patients with primary FSGS who are at a signi  cantly 
increased risk of toxicity associated with glucocorticoid 
therapy, including those who are obese (in particular, 
BMI    35 kg per square meter), and those who have dia-
betes mellitus or a prediabetic state, severe osteoporosis, 
prominent peptic ulcer diathesis, or advanced age 

 Novel Therapies. New approaches to therapy may supple-
ment existing medication in one of several ways: (1) agents 
that induce a durable CR with less toxicity than glucocor-
ticoids and cyclosporine, (2) agents that reduce protein-
uria to a greater extent than ACE inhibitors and ARBs, and 
(3) agents that slow progressive renal scarring in patients 
who have proven refractory to remittive therapy. Table 52.15 
lists a number of agents that have been tested in phase I or II 
 trials for primary FSGS. 

 Current Therapeutic Recommendations. Some experts 
propose that nephrotic adults with primary FSGS who have 
preserved renal function and lack prominent contraindica-
tions receive 4 to 6 months of daily therapy with glucocor-
ticoids beginning with prednisone at a dose of 1 mg/kg/day 
(maximum 80 mg). 1212,1216,1217  Many experts would recom-
mend a dose reduction after 3 to 4 months, particularly for 
those who have not shown a signi  cant reduction in urine 
protein. Those who fail 4 to 6 months of daily glucocorti-
coid therapy are then labeled steroid resistant and progress 
to other therapies. 

 The Nephrology and Hypertension Medical Knowl-
edge Self-Assessment Program 1218  expresses reluctance to 
endorse this aggressive approach in the absence of a con-
trolled trial demonstrating ef  cacy and safety. Instead, the 
text recommends, for adults with FSGS and serum creati-
nine    2.5 mg per deciliter and    20% interstitial   brosis 
area on renal biopsy, a trial of daily prednisone at a dose 
of 1 mg per kilogram of ideal body weight (to a maximum 
dose of 80 mg per day), until CR or  8 weeks  have been 
reached. In the case of a CR, the recommendation is to 
prescribe an  20-week tapering schedule of prednisone on 
alternate days, tapering at a rate of 20 mg every month. If 
there is no CR, the recommendation is to reduce the dose 
to 0.5 mg per kilogram until a CR or PR or  another 8 weeks  
have been reached. If there is a CR or PR, the recommen-
dation is to prescribe an  20-week tapering schedule of 
alternate day prednisone, which would require tapering at 
a rate of 10 mg every other month. If there is no response, 
the recommendation is a slow taper involving   40 weeks  of 
alternative day prednisone while adjunctive therapy (ACE 
inhibitors or ARBs) are initiated. Therefore, patients with 
steroid resistance would receive 16 weeks of daily predni-
sone and up to 40 weeks of alternate daily prednisone for 
a total dose of 7.7 g for an 80-kg person. Further options 
during the prolonged taper would include cyclosporine for 
1 year or oral cyclophosphamide or chlorambucil for 8 to 
12 weeks. A newer option that was not included would be 
mycophenolate mofetil. 

 Ruf and colleagues 1066  noted that pediatric patients 
with homozygous or compound heterozygous  NPHS2  
mutations appear refractory to glucocorticoids (de  ned 
as 6 weeks of therapy) and have only limited responsive-
ness to cyclosporine. By contrast,  NPHS2  homozygous 
and compound heterozygous mutations were absent from 
124 children with steroid-sensitive nephrotic syndrome. 
Although these data are not representative of all racial 
and ethnic groups, it would appear at the present time 
that immunosuppressive treatment is of limited bene  t in 
children with  NPHS2  homozygous and compound hetero-
zygous mutations. 

 We have few data about the adult patients with  ACTN4 , 
 CD2AP ,  TRPC6 , and mtDNA mutations, but it would seem 
prudent to withhold or limit the duration of some immu-
nosuppressive therapy, particularly glucocorticoids. Simi-
larly, FSGS or collapsing glomerulopathy associated with 
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1492 SECTION VII ■ GLOMERULAR, INTERSTITIAL, AND VASCULAR RENAL DISEASES

function are summarized. The variables that consistently 
appear as signi  cant predictors include baseline serum cre-
atinine, baseline proteinuria, and tubulointerstitial damage/
  brosis score. The role of African race has been controversial. 
Ingulli and Tejani 772  found that among children, progression 
to ESRD occurred in 78% of Africans and in 33% of Cauca-
sians, despite similar baseline serum creatinine and protein-
uria values. Conversely, Rydel and colleagues 1175  found that 
in adults the progression rates are similar among Africans 
(64%) and Caucasians (55%). They did   nd that Africans 
were more likely to be nephrotic at presentation (88% versus 
55%). Earlier in the chapter, data were reviewed from non-
randomized, controlled studies that treatment may improve 
renal survival. Thus, patients who enter CR have an excellent 
outcome, with few developing ESRD on follow-up. 1157,1165  

 Recurrent Focal Segmental 
Glomerulosclerosis after Renal 
Transplantation 
 FSGS recurs following renal transplantation with a fre-
quency that ranges from 15% to 50% depending upon the 
population, with the average   gure cited typically being 
approximately 25%. When a prior allograft has manifested 
recurrent FSGS, the risk of recurrence rises anywhere from 

 Clinical Course and Outcome 
 FSGS and collapsing glomerulopathy have the worst prog-
nosis of the common primary nephrotic diseases. Ten-year 
event rates for reaching a combined end point of ESRD or 
death are as follows: for children in a U.S. study, 427  21% 
and in a Toronto study, 1157  32%; and for adults in a Toron-
to study, 1157   28%, in a New Zealand study, 1177  38%, in a 
Hong Kong study, 1227  40%, and in a Chicago study, 1175  43% 
(ESRD only) for nephrotic patients (compared with 8% for 
nonnephrotic patients) (Table 52.16). 

 It has been known for some time that FSGS patients 
who enter a CR, even if they experience a relapse, have an 
excellent chance of renal survival. Cattran et al. 1157  showed 
that patients who experience a PR (de  ned as a 50% fall in 
proteinuria and a fall to    3.5 g per day) have signi  cantly 
improved renal survival (Fig. 52.18). These data provide 
justi  cation for considering the combined response rate 
(CR plus PR) as well as CR alone in weighing the relative 
costs and bene  ts of particular therapeutic approaches. 

 What clinical factors predict a long-term prognosis for 
renal survival? The con  icting data on the impact of treat-
ment on outcomes have been reviewed in the preceding text. 
In Table 52.17 the   ndings of 10 studies that have sought 
clinical and histologic variables that predict long-term renal 

TA B L E

Novel Therapies Tested in Phase I/II Studies of Primary FSGS

Drug  Mode of Action  Phase and Design  Major Findings  Reference

Mizoribine  Inhibits T- and B-cell 
 proliferation

Multiple phase II single 
arm studies

May potentiate the effects 
of other agents

1219, 1220

Pirfenidone  Not well de  ned; reduces 
production

Phase II, single arm, 
baseline phase versus 
treatment phase

Slows eGFR decline  1221

Sirolimus  Inhibits mammalian 
target of rapamycin 
(mTOR) pathway

Two phase II open label 
trials

Con  icting ef  cacy and 
safety results

1221, 1222

Galactose  May bind of recurrent 
FSGS plasma factor

Case reports  May reduce proteinuria  1223

Adalimumab  Anti-TNF monoclonal 
antibody

Phase I  Single dose appeared safe  1224

ACTH gel  Possibly role of alpha-
melanocyte 
stimulating hormone

Phase II, single arm 
(1 patient with FSGS)

Uncertain  1225

Fresolimumab Anti-TGF-  1 monoclonal 
antibody

Phase I  Single dose appeared safe  1226

eGFR, glomerular   ltration rate; FSGS, focal segmental glomerulosclerosis; TNF, tumor necrosis factor; ACTH, adrenocorticotropic hormone.

52.15
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transplant. 1247  The risk of recurrence for individuals with 
FSGS associated with podocin mutations is controversial. 
Although an initial report suggested a higher rate of recur-
rence, 1248  there is now a consensus that the risk of recurrent 
FSGS in individuals with  NPHS2  mutations is lower than in 
other patients with FSGS, ranging from 0% 1055  to 8%. 1060,1066  

 Older studies suggested that living donor transplants may 
be associated with a higher rate of FSGS recurrence, but recent 
data suggest that living donor transplants still retain an overall 
advantage in outcomes for the FSGS patient with ESRD. A re-
view of data from the U.S. Renal Data System (USRDS) found a 
higher rate of allograft loss due to FSGS recurrence with living 
donor allografts (19% of graft loss due to recurrence) compared 
to cadaveric allografts (8% of graft loss due to recurrence), but 
overall allograft survival remained higher for living donor al-
lografts. 1249  Recipient factors that contribute to increased FSGS 
recurrence risk include prior recurrence, younger age, and 
 Caucasian race. 1249  Also, there was an increased FSGS recur-
rence risk with African donor kidneys and Caucasian recipients. 

 Posttransplantation risk factors for recurrent FSGS re-
main controversial; the studies are dif  cult to interpret in 
that none are controlled and many rely on historical con-
trols. Some observers have suggested that recurrence has in-
creased in recent years and this has been linked to particular 
lymphocyte-depletion therapies. Raafat et al. 1245  found that 
recurrence was greater in patients who receive antilympho-
cyte serum (53% compared to 11% in those who did not). 
The Miami group 1250  suggests that recurrence rose from 38% 
to 83% after the introduction of daclizumab. 

 Focal Segmental Glomerulosclerosis 
Permeability Factor 
 The rapid recurrence of FSGS following renal transplanta-
tion appears to be due to a circulating molecule. Molecu-
lar identi  cation has been elusive and the activity has been 
referred to by various names. Here we will use the term 
FSGS permeability factor (FPF). A critical advance was the 
development by Savin and colleagues 1251  of an in vitro as-
say, which  relies on the albumin permeability of isolated rat 
glomeruli as  re  ected by volume changes induced by an on-
cotic gradient. There is a correlation between the level of 
FPF and the likelihood of recurrent FSGS following  renal 
transplantation. 1236,1252  FPF is unique to FSGS, being ab-
sent from patients with membranous nephropathy and with 
ESRD due to other causes. Godfrin and colleagues 1253  devel-
oped a variation on Savin’s assay. In contrast to the   ndings 
of Savin and colleagues, they reported that although FPF lev-
els were higher in FSGS patients with ESRD compared to pa-
tients with other causes of ESRD, FPF levels did not predict 
a recurrence of FSGS. The reasons for the discrepant   nd-
ings might include subtle differences in assay conditions and 
differences in patient populations.  Resolving these discrep-
ancies may not be possible until the molecular identity of 
FPF is established. In summary, the FPF assay has important 
limitations: it is laborious; it lacks high speci  city, sensitivity, 

70% to 80%. Recurrence is heralded by the sudden appear-
ance of heavy proteinuria, often within the   rst week after 
transplantation. Renal biopsy obtained within the   rst few 
weeks of recurrence uniformly shows extensive foot-process 
effacement without other changes. Subsequent biopsies 
commonly demonstrate FSGS. Most recurrent FSGS appears 
within the   rst 6 months following renal transplantation, 
as shown in the graphic depiction of data abstracted from 
14 reports 1233–1246  and from unpublished data kindly pro-
vided by Dr. Alok Kalia (Fig. 52.19). An FSGS that appears 
more than 12 months after renal transplantation is typically 
not considered recurrent FSGS; alternative diagnoses in-
clude de novo FSGS and FSGS appearing as a manifestation 
of progressive chronic allograft nephropathy. 

 In patients with low-level proteinuria originating from 
their native kidneys, screening for recurrent FSGS may be 
done via urine dipstick testing performed by the patient (or 
parents). For those with signi  cant proteinuria from their na-
tive kidneys, it is advisable to obtain monthly urine protein/
creatinine ratios during the   rst 12 months, and particularly 
for the   rst 6 months following a renal transplantation. In 
either case, a signi  cant worsening of proteinuria is an indi-
cation for immediate renal biopsy to establish the diagnosis. 
The response to therapy appears substantially greater if initi-
ated within 2 to 4 weeks of clinical recurrence. 

 Pretransplantation risk factors for recurrent FSGS in-
clude the following: rapid progression of initial disease, 
typically de  ned as    3 years from diagnosis to ESRD; age 
of onset of FSGS between 6 and 15 years; mesangial hyper-
plasia; Caucasian race; and recurrent FSGS in a prior renal 

FIGURE 52.18 Long-term renal survival in focal segmental glomer-
ulosclerosis by remission status. The fraction of patients with renal 
function is shown in nephrotic focal segmental glomerulosclerosis 
patients who enter complete remission (CR) (de  ned as  0.3 g/day) 
or partial remission (PR_ 50% (de  ned as a 50% fall in proteinuria 
and falling to  3.5 g/day), and those who never reach either remis-
sion (NR). (Adapted from Troyanov S, Wall CA, Miller JA, et al. Focal 
and segmental glomerulosclerosis: de  nition and relevance of a 
partial remission.  J Am Soc Nephrol. 2005;16:1061, with permission.)
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 cytokine 1, as was identi  ed in a proteomic screen 1223  and 
angiopoeitin-like-4. 1260  

 There also may be plasma factors that antagonize FPF 
activity. Thus, normal serum blocks the activity in the rat 
glomerulus assay. 1261  Candiano and colleagues 1262  con  rmed 
these   ndings and reported that inhibitory proteins include 
the apo allelic variants E2 and E4 and apo J. Nephrotic 
urine, but not normal urine, contains inhibitory activity. 1263

Pharmacologic inhibitors of FPF activity in vitro include 
cyclosporine, indomethacin, cyclic AMP (cAMP) analogs, 
12-hydroxyeicosatetraenoic acid (HETE), and serine prote-
ase inhibitors. 1223,1263  

 Therapy of Recurrent Focal Segmental 
Glomerulosclerosis 
 The recurrence of nephrotic syndrome after renal transplan-
tation is particularly refractory to treatment, and none of the 
available therapies can be recommend without serious quali-
  cations. Plasma exchange (using either plasma or albumin 
as a replacement solution) or immunoadsorption ( using col-
umns bearing ligands such as protein A, which bind immu-
noglobulins) have been used with limited success. A single 
course of plasma exchange or immunoadsorption is associ-
ated with response rates (CR and PR) of approximately 58% 
(Table 52.18). 1073,1233,1234,1237,1239,1243,1255,1264  The number of 
plasma exchange treatments has varied greatly among dif-
ferent centers, and has not been subjected to careful stud-
ies. Davenport 1265  reviewed the literature and identi  ed 44 
 recurrent FSGS cases using a (liberal) de  nition of response 
as a 50% fall in proteinuria in 32 patients (73%). He con-
cluded that the optimal apheresis dose was nine treatments, 
which he proposed should be delivered as three daily treat-
ments followed by six treatments delivered on alternate 
days. Unfortunately, most patients relapse. In some patients, 
particularly children, a maintenance schedule of plasma 
modulating therapy may sustain a remission. 

 The limitations of this approach have led to the empiric 
use of cyclophosphamide, with or without plasma exchange, 
in four trials of pediatric patients (Table 52.19). 1235,1236,1240,1266

The long-term outcome appears to be markedly better than 
those studies using only plasma exchange or immunoad-
sorption. This approach has not been reported in adults. 
Clearly, randomized trials are needed before   rm conclu-
sions can be reached about either approach. 

 High-dose cyclosporine has been used in two pedi-
atric trials. Salomon et al. 1267  administered intravenous 
 cyclo spor ine, which was dose adjusted to achieve trough 
levels of 250 to 350 ng per milliliter, and achieved CR in 14 
of 17 (82%) of consecutive patients with recurrent FSGS. 
Plasma exchange was also used in 4 patients. Sustained 
remission was noted in 11 of 17 (65%) of patients. Raafat 
et al. 1268  administered oral cyclosporine, with the dose in-
creased until proteinuria resolved or nephrotoxicity (rising 
serum creatinine) was noted. They found that 13 of 16 pa-
tients (81%) entered remission, either CR (11 patients) or PR 

and precision; and it has not been validated by all centers 
that work with it. Therefore, the assay must be viewed as a 
research tool, with limited clinical use to supplement clinical 
indicators of risk for  recurrence of FSGS. 

 FPF is a protein, as shown by sensitivity to proteolytic 
enzymes and heat. 1254  Immunoadsorption of patient plasma 
using a protein A column reduces proteinuria in  recurrent 
FSGS, which is a characteristic of immunoglobulin, but 
plasma fractionation to remove immunoglobulin does not 
remove FPF activity. 1255  McCarthy and colleagues 1223  and 
Sharma and colleagues 1256  have used  sequential column chro-
matography to generate plasma fractions that have  increased 
activity (10,000-fold puri  cation) but these  fractions 
 remain complex, with multiple proteins and  glycoproteins 
of    30 kDa. Some of these glycoproteins are absent from 
normal plasma and from sera following therapeutic plasma 
 exchange. Musante and colleagues 1257  have taken a simi-
lar approach and identi  ed a number of proteins ( albumin 
isoforms, vitronectin,   brinogen gamma chain,   bulin, and 
mannan-binding lectin-associated serine protease), but have 
not demonstrated activity in vivo. Partially puri  ed fractions 
are able to  induce proteinuria in rats. 1258,1259  

 Wei and coworkers 93  made a seminal discovery, iden-
tifying elevated levels of suPAR in subjects with recurrent 
FSGSD following kidney transplant (although there is sub-
stantial overlap between recurrent FSGS and nonrecurrent 
FSGS, limiting the positive predictive value of an elevat-
ed plasma suPAR level). Furthermore, suPAR was shown 
to  activate    3-integrin, suggesting a pathogenic pathway 
leading to podocyte activation and possibly injury, and 
 indeed, the expression of suPAR in mice induced protein-
uria and podocyte injury. This exciting development opens 
a pathway to new therapeutic approaches. Other molecules 
that may act as a permeability factor are cardiotrophinlike 

FIGURE 52.19 The timing of focal segmental glomeruloscle-
rosis recurrence following renal transplant, correlated with age. 
Data on the timing of recurrent FSGS and patient age at renal 
transplantation were available for 101 patients, including 55 
children  18 years of age and 46 adults. There was no relation-
ship between age and time to focal segmental glomerulosclero-
sis recurrence (R   0.01). In 63 cases (62%), recurrent FSGS was 
diagnosed within 1 week of renal transplantation.
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(2 patients).  Cyclosporine doses ranged from 6 to 25 mg/
kg/day and  cyclosporine trough levels ranged from 200 to 
1000 ng per milliliter. Remission was sustained in all patients 
with CR, with a conversion to tacrolimus in some patients. 
 Toxicity included hirsutism and gingival hypertrophy in all 
patients. Although these are intriguing data, more experience 
is needed, especially in view of the potential toxicity of such 
high cyclosporine doses; whether adults would tolerate this 
 approach without unacceptable adverse events is unclear. 

 A serendipitous   nding that rituximab, administered to 
a renal transplant patient with lymphoma, induced the remis-
sion of recurrent FSGS 1269  has led to wider use of this agent. 

 Prophylactic Therapy to Prevent Recurrent 
Focal Segmental Glomerulosclerosis 
 Otsubu and colleagues 1270  assigned FSGS ESRD patients 
to undergo plasma exchange prior to or immediately after 
renal transplantation. Recurrent FSGS was seen in 4 of 19 
treated patients and 9 of 19 untreated patients. Ohta et al. 1271

 reported data from 21 patients and compared patients under-
going prophylactic plasma exchange (transplantations from 
1991 to publication) with historical controls (transplantation 

TA B L E

Plasma Exchange and Immunoadsorption Therapy for Recurrent Focal Segmental 
 Glomerulosclerosis

Report  Location  Modality N Age (y)
Complete 
Response

Partial 
Response

Prolonged 
Response

Dantal et al., 19911237 France  PE  9  A  4  1  1 PR

Artero et al., 19941234 Italy  PE  9  P, A  3  3  3 CR/2 PR

Dantal et al., 19941255 France  Adsorption  8  A  2  4  1 CR

Dantal et al., 19981238 France  Adsorption  4  A  2  2  0

Andresdottir et al., 
19991233

The Netherlands  PE  7  A  5  0  3 CR

Greenstein et al., 
20001239

New York  PE  6  P  5  0  ND

Matalon et al., 20011243 New York  PE  13  A  1  1  ND

Shariatmadar et al., 
20021264

Miami  PE  11  A  5  2  ND

Total  67  27 (40%)  13 (19%)  10 CR (27%)

3PR (8%)

This table summarizes the studies that used plasma exchange or plasma absorption to treat recurrent FSGS, in studies that treated more than three patients. 
CR is de  ned as proteinuria  0.5 g/day and PR is de  ned as a fall in proteinuria to  2 g/day. Long-term outcome was at  1 year following recurrence. 
Chronic therapy includes that for patients who had subsequent repeat course of PE or who required intermittent, maintenance PE. PE, plasma exchange; 
A, adult; P, pediatric; CR, complete remission; PR, partial remission.

52.18

prior to 1991). Recurrence was seen in 5 of 15 patients ver-
sus 4 of 6 patients. Neither study had suf  cient power for a 
de  nitive result, and a prospective adequately powered trial 
remains to be done. If prophylactic plasma exchange is effec-
tive, the mechanism of bene  t remains somewhat  puzzling. 
Evidence suggests that the permeability factor returns fol-
lowing plasma exchange; therefore, any bene  t from tran-
sient reduction would suggest that the  factor is particularly 
injurious in the immediate peritransplantation period. 

 CONCLUSIONS 
 From the discussion in this chapter, several conclusions can 
be drawn regarding the group of diseases under consider-
ation. First, the nephrotic syndrome represents a complex 
of symptoms resulting from urinary protein loss rather than 
a disease entity characterized by speci  c pathology. The ab-
normalities that were found include not only the hypoalbu-
minemia, edema, and hyperlipidemia classically associated 
with nephrotic syndrome, but also derangements of hemo-
stasis, metabolism, and endocrine function. All of these   nd-
ings can be attributed to the characteristics and effects of 

1497



1498 SECTION VII ■ GLOMERULAR, INTERSTITIAL, AND VASCULAR RENAL DISEASES

respond to treatment, and the nature of their lesion is so 
distinctive that we have chosen to consider them as belong-
ing to an entirely separate subgroup of primary nephrotic 
syndrome. It should be clear that all of the patients having a 
poor prognosis with regard to long-term renal function are 
steroid resistant. Moreover, a few patients with MCN and 
more with FSGS—particularly those with adaptive FSGS—
may not have nephrotic syndrome. These   ndings suggest 
heterogeneity of pathogenic mechanisms, even within a 
given histopathologic subgroup. 

 In view of the differences among MCN, FSGS, and col-
lapsing glomerulopathy, the assumption previously held by 
many clinicians that patients may move from one disorder 
to another should be revisited. Collapsing glomerulopa-
thy, the rapidly progressing lesion, appears quite distinct. 
There are many features that also differentiate MCN from 
FSGS. These include (1) differences in permselectivity 
curves, where patients with FSGS demonstrate greater use 
of the shunt pathway 80 ; (2) the association of FSGS with 
podocyte gene mutations, whereas mutations have not yet 
been  de  ned for classical MCN (as opposed to congeni-
tal nephrotic syndrome); and (3) the more clearly de  ned 
and more likely irreversible podocyte abnormalities in 
FSGS. In particular, as technical capability for detecting 
subtle mutations or polymorphisms in podocyte-speci  c 
genes improves, it is likely that mutations will be associ-
ated with FSGS with increasing frequency. 1058  Therefore, 
although both MCN and FSGS initiate with a podocyte 
lesion, the  abnormalities in FSGS appear more profound, 

nephrotic proteinuria. Second, we have de  ned a group of 
diseases in which the common attribute is that the lesion 
appears to initiate with the podocyte. In MCN, the restric-
tive component of the glomerular   ltration barrier fails, yet 
podocyte effacement decreases the area of the GBM that is 
open to the urinary space, decreasing the effective   ltration 
surface area. In FSGS, genetic, morphologic, and functional 
data all suggest that podocyte abnormality initiates the dis-
ease. Like MCN, there is massive proteinuria, but in contrast 
to the more benign condition, there is a disruption of podo-
cyte architecture. FSGS is accompanied by podocyte injury 
and depletion, whereas collapsing glomerulopathy manifests 
podocyte proliferation and capillary collapse. In both cases, 
these changes are accompanied by the extracellular matrix 
accumulation that is a hallmark of this disease. Multiple cell 
types may serve as effector cells for   brosis, but the com-
mon denominator of podocyte involvement suggests that 
a more appropriate appellation for these diseases might be 
podocytopathies.  1272  

 A third conclusion relates to the observation that these 
conditions are characterized by heterogeneity of therapeutic 
response and prognosis. Although certain subgroups may 
be associated more often with speci  c patterns of response 
to treatment and outcome, such categorizations are not 
 absolute. Most of the patients with MCN and some of those 
with FSGS are steroid sensitive. The remaining patients with 
MCN and a larger proportion of those with FSGS are steroid 
resistant. Of particular distinction is the group of patients 
who have collapsing glomerulopathy. Few of these patients 

TA B L E

Cyclophosphamide, with or without Plasma Exchange, for Recurrent Focal 
Segmental Glomerulosclerosis

Report  Population  Treatment N
Complete 
Response

Partial 
Response

No 
Response

Long-Term 
Response

Graft 
Preservation

Cochat 
et al., 
19931235

Children PE   CTX 
3 mo

3  3  0  0  3 CR 
(1 retreatment)

3

Kershaw 
et al., 
19941240

Children  CTX 
2–3 mo

3  3  0  0  3 CR 
(1 relapse)

3

Dall’Amico 
et al., 
19991236

Children PE   CTX 
2 mo

11  9  0  2  7 CR  7

Cheong 
et al., 
20001266

Children PE   CTX 
3 mo

6  3  3  0  2 CR  5

Total  23  18 (78%)  3 (13%)  2 (9%)  15 CR (60%)  18 (78%)

N, number; PE, plasma exchange; CTX, cyclophosphamide; CR, complete remission.

52.19
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1997;72:204–213. 
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4108–4113. 
  18. Brenner BM, Hostetter TH, Humes HD. Glomerular permselectivity: 
 Barrier function based on discrimination of molecular size and charge.  Am. J. 
Physiol. , 1978;234:F455. 
  19. Schneeberger EE, Levey RH, McCluskey RT, et al. The isoporous substruc-
tures of the human glomerular slit diaphragm.  Kidney Int. , 1975;8:48. 
  20. Gagliardini E, Conti S, Benigni A, et al. Imaging of the porous ultrastructure 
of the glomerular epithelial   ltration slit.  J Am Soc Nephrol , 2010;21:2081–2089. 
  21. Schneeberger EE. Glomerular permeability to protein molecules—its pos-
sible structural basis.  Nephron , 1974;13:7. 
  22. Reiser J, Kriz W, Kretzler M, et al. The glomerular slit diaphragm is a modi-
  ed adherens junction.  J. Am. Soc. Nephrol. , 2000;11:1–8. 
  23. Patrakka J, Tryggvason K. Molecular make-up of the glomerular   ltration 
barrier.  Biochem Biophys Res Commun , 2010;396:164–169. 
  24. Rodewald R, Karnovsky M. Porous substructure of the glomerular slit dia-
phragm in the rat and mouse.  J. Cell Biol. , 1974;60:423–433. 
  25. Deen WM, Myers BD, Brenner BM, The glomerular barrier to macro-
molecules: theoretical and experimental considerations, in  Contemporary Issues 
in  Nephrology. IX. Nephrotic Syndrome , Brenner BM, Stein JH, Editors. 1982, 
Churchill Livingstone: New York. p. 1. 
  26. Wallenius G. Renal clearance of dextran as a measure of glomerular perme-
ability.  Acta. Soc. Med. Ups. , 1954;[Suppl.] 4:1. 
  27. Bridges CR, Rennke HG, Deen WM, et al. Reversible hexadimethrine-
induced alterations in glomerular structure and permeability.  J. Am. Soc. Neph. , 
1991;1:1095. 
  28. Deen WM, Bridges CR, Brenner BM, et al. Heteroporous model of glomer-
ular size selectivity: application to normal and nephrotic humans.  Am J Physiol , 
1985;249:F374–389. 
  29. Shemesh O, Deen WM, Brenner BM, et al. Effect of colloid volume ex-
pansion on glomerular barrier size selectivity in humans.  Kidney Int. , 1986;29:
916–923. 
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dysfunction in nephrotoxic serum nephritis.  Kidney Int. , 1988;34:151. 
  31. Loon N, Shemesh O, Morelli E, et al. Effect of angiotensin II infusion on 
the human glomerular   ltration barrier.  Am. J. Physiol. , 1989;257:F608. 
  32. Golbetz H, Black V, Shemesh O, et al. Mechanism of the antiproteinuric 
effect of indomethacin in nephrotic humans.  Am J Physiol , 1989;256:F44–51. 
  33. Brenner BM, Hostetter TH, Humes HD. Molecular basis of proteinuria of 
glomerular origin.  N. Engl. J. Med. , 1978;298:826. 
  34. Mohos SC, Skoza L. Glomerular sialoprotein.  Science , 1967;164:1519. 
  35. Kanwar YS, Farquhar MG. Anionic sites in the glomerular basement mem-
brane. In vivo and in vitro localization to the laminase rarae by cationic probes. 
 J. Cell Biol. , 1979;81:137. 
  36. Latta H, Johnston WH. The glycoprotein inner layer of glomerular capil-
lary basement membrane as a   ltration barrier.  J. Ultrastruct. Res. , 1976;57:65. 
  37. Latta H, Johnston WH, Stanley TM. Sialoglycoproteins and   ltration barri-
ers in the glomerular capillary wall.  J. Ultrastruct. Res. , 1975;51:354. 
  38. Bohrer MP, Baylis C, Humes HD, et al. Permselectivity of the glomeru-
lar capillary wall. Facilitated   ltration of circulating polycations.  J. Clin. Invest. , 
1978;61:72. 
  39. Chang RLS, Deen WM, Robertson CR, et al. Permselectivity of the glomer-
ular capillary wall: III. Restricted transport of polyanion.  Kidney Int. , 1975;8:212. 
  40. Salmon AH, Toma I, Sipos A, et al. Evidence for restriction of   uid and 
solute movement across the glomerular capillary wall by the subpodocyte space. 
 Am J Physiol Renal Physiol , 2007;293:F1777–1786. 
  41. Hausmann R, Kuppe C, Egger H, et al. Electrical forces determine glo-
merular permeability.  J Am Soc Nephrol , 2010;21:2053–2058. 
  42. Gudehithlu KP, Pegoraro AA, Dunea G, et al. Degradation of albumin by 
the renal proximal tubule cells and the subsequent fate of its fragments.  Kidney 
Int , 2004;65:2113–2122. 
  43. Eppel GA, Osicka TM, Pratt LM, et al. The return of glomerular-  ltered 
albumin to the rat renal vein.  Kidney Int , 1999;55:1861–1870. 
  44. Wang SS, Devuyst O, Courtoy PJ, et al. Mice lacking renal chloride chan-
nel, CLC-5, are a model for Dent’s disease, a nephrolithiasis disorder associ-
ated with defective receptor-mediated endocytosis.  Hum Mol Genet , 2000;9:
2937–2945. 
  45. Piwon N, Gunther W, Schwake M, et al. ClC-5 Cl-channel disruption 
impairs endocytosis in a mouse model for Dent’s disease.  Nature , 2000;408:
369–373. 

either  leading to or re  ecting the pathogenic mechanism(s) 
of FSGS. Given these differences, it is likely that many 
( perhaps a great majority) of observations of progression 
from MCN to FSGS have represented sampling error or 
early lesions on biopsy. 

 The concept that different manifestations of the primary 
nephrotic syndrome may represent distinct podocyte dis-
orders offers a paradigm shift from the thinking that was 
generally accepted at the beginning of this century. This 
new concept re  ects the rapid growth of our knowledge of 
podocyte biology and reactions to injuries. We have gained 
signi  cant insight into the mechanisms by which nephrotic 
proteinuria occurs and we are beginning to learn how subse-
quent events lead to nephron loss. The next challenge will be 
to translate this progress into strategies for intervening and 
preventing that loss. 
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