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Acute Glomerulonephritis

Judy Savige, Graeme Duke, Francesco Pesce, and loreto Gesualdo

OBJECTIVES

This chapter will:

1.

Describe the clinical features and investigations that indicate
rapidly progressive glomerulonephritis as the cause of
acute renal failure.

. Define the features that distinguish between different causes

of rapidly progressive glomerulonephritis.
Review the principles of treatment for the common forms
of rapidly progressive glomerulonephritis.

Glomerulonephritis is the cause of acute renal failure in
fewer than 10% of all affected patients and is even less
common in those patients admitted to the intensive care
unit (ICU), most of whom have acute tubular necrosis (ATN).
However, some patients admitted to the ICU for respiratory
support also have acute renal failure from small-vessel
vasculitis or anti—glomerular basement membrane (anti—
GBM) disease.’

Acute renal failure in glomerular disease usually is
due to rapidly progressive glomerulonephritis, in which
renal function deteriorates over days or weeks. The most
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common causes are granulomatosis with polyangiitis
(Wegener granulomatosis), microscopic polyangiitis, anti—
glomerular basement membrane (GBM) disease, and, less
often, diffuse proliferative lupus nephritis, immunoglobulin
A (IgA) disease, and poststreptococcal glomerulonephritis.
Acute renal failure also may be a feature of mixed cryoglobu-
linemia, mesangiocapillary glomerulonephritis, membranous
nephropathy, hemolytic uremic syndrome-thrombotic
thrombocytopenic purpura (HUS-TTP), and scleroderma.

In addition, acute renal failure in glomerulone-
phritis also results from nonglomerular complications
such as ATN from renal hypoperfusion or the nephrotic
syndrome, drug- or radiocontrast agent—induced interstitial
nephritis, macroscopic hematuria—associated cast nephropa-
thy,” renal vein thrombosis, and malignant hypertension.

Early recognition of rapidly progressive glomerulone-
phritis as the cause of acute renal failure or of respiratory
failure is critical, because kidney and lung function do not
recover spontaneously, and specific and aggressive treatment
greatly improves patient outcome.

APPROACH TO MANAGEMENT OF RAPIDLY
PROGRESSIVE GLOMERULONEPHRITIS

Diagnosis

With rapidly progressive glomerulonephritis, a prodrome
of fever, malaise, arthralgia, and loin pain is characteristic.
All patients have microscopic hematuria, but macroscopic
hematuria, proteinuria, and oliguria are common too. Phase
contrast microscopy of the urinary sediment confirms the
glomerular origin of bleeding,’ together with presence of red
cell and granular casts (Fig. 47.1). Urinary red blood cell
(RBC) counts are at least 500,000/mL, and an additional iso-
morphic population may be present.” Other clinical features
depend on the underlying disease, but pulmonary hemor-
rhage occurs in granulomatosis with polyangiitis (Wegener
granulomatosis), microscopic polyangiitis, anti-GBM disease,
and sometimes systemic lupus erythematosus (SLE). Anemia,
neutrophilia, and thrombocytosis are common. Inflammatory
markers such as C-reactive protein are elevated, and the
serum creatinine is increased.

A number of assays for autoantibodies (and antibodies)
are helpful diagnostically. These include tests for antineu-
trophil cytoplasmic antibodies (ANCA) in granulomatosis
with polyangiitis (Wegener granulomatosis) and micro-
scopic polyangiitis (Fig. 47.2),”° anti-GBM antibodies (in
anti-GBM disease or Goodpasture syndrome), antinuclear
antibodies (ANA) and anti—double-stranded DNA (anti—
dsDNA) antibodies (in SLE), serum IgA levels (in IgA
glomerulonephritis), antistreptolysin O and anti—-DNase B
antibodies (in poststreptococcal glomerulonephritis), and
rheumatoid factor, cryoglobulins, and serologic hepatitis C
markers (in mixed cryoglobulinemia and mesangiocapillary
glomerulonephritis) (Table 47.1). Antiphospholipid antibod-
ies (anticardiolipin, anti—f,-glycoprotein 1 antibodies, lupus
anticoagulant) can be detected in some of these diseases
(especially SLE and microscopic polyangiitis) and are
associated with an increased risk of venous thrombosis.”
In patients with suspected rapidly progressive glomeru-
lonephritis, assays for ANCA and anti-GBM antibodies
are requested urgently, and new technologies test for both
antibodies simultaneously.

Complement levels also are helpful diagnostically. These
are normal or elevated in granulomatosis with polyangi-
itis (Wegener granulomatosis), microscopic polyangiitis,
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FIGURE 47.1 See also color plates. Phase contrast microscopy of the
urinary sediment showing a mixed population of dysmorphic or
“glomerular” red blood cells with fragments of varying size, shape,

and hemoglobin content (A) and a cast containing red blood cells
and red cell debris (B).

anti—-GBM disease, and IgA glomerulonephritis but are low
in conditions in which complement is consumed: SLE (low
C3 and C4), poststreptococcal glomerulonephritis (low C3
and normal C4), HUS-TTP, mixed cryoglobulinemia, and
mesangiocapillary glomerulonephritis.

Chest radiography demonstrates lung nodules and the
alveolar opacities seen with hemorrhage (Fig. 47.3). Chest
computed tomography (CT) scans indicate cavitation of the
lung nodules and air bronchograms in the alveolar shadows
(see Fig. 47.3B). Abdominal ultrasound examination confirms
normal kidney size and excludes some of the other causes
of acute renal failure.

The underlying histologic diagnosis usually is obvious
on urgent renal biopsy. The biopsy specimen also dem-
onstrates the activity and reversibility of the glomerular
lesion and the presence of any coincidental ATN (Fig.
47.4). Crescents with epithelial cells and inflammatory cell
infiltrates are seen in Bowman’s space. Immune deposits
are present in one of three patterns: few or none (“pauci-
immune”) in granulomatosis with polyangiitis (Wegener
granulomatosis) and microscopic polyarteritis®; linear in
anti-GBM disease; and granular in SLE, IgA, and post-
streptococcal glomerulonephritis.

Specific Treatment

The institution of urgent therapy with high-dose corticoster-
oids and cyclophosphamide is the mainstay of treatment
for rapidly progressive glomerulonephritis resulting from



FIGURE 47.2 See also color plates. A, Cytoplasmic ANCA (C-ANCA)
with coarse granular fluorescence of the neutrophil cytoplasm and
interlobular accentuation. B, Perinuclear ANCA (P-ANCA) with
perinuclear staining with nuclear extension. ANCA, antineutrophil
cytoplasmic antibodies.

TABLE 47.1
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small-vessel vasculitis, anti—-GBM disease, and many cases
of lupus and IgA nephropathy. A typical protocol begins
with daily intravenous methylprednisolone (1 g) for 3 days
followed by oral prednisolone (1 mg/kg), together with oral
cyclophosphamide (50 to 150 mg/day). An every-other-day
regimen is associated with fewer side effects but is less
effective, and a lower dose of cyclophosphamide must be
used in the elderly and other patients with impaired renal
function. Regimens vary slightly for the different types of
glomerulonephritis, but the general principle is, as always,
to use the smallest effective dose for the shortest duration
to minimize toxicity without compromising efficacy. Plasma
exchange is helpful in anti-GBM disease and in some cases
of small-vessel vasculitis.

Complications of Treatment

The most severe complications of treatment are due
to the use of cyclophosphamide.”'” If neutropenia or
thrombocytopenia develops after 2 or 3 weeks, the
cyclophosphamide should be stopped and then rein-
stituted at a lower dose after counts have recovered.
Cyclophosphamide predisposes the patient to infection
even when white cell counts are normal, and in one
study, nearly half of the patients with vasculitis treated
with cyclophosphamide required hospitalization for
infection. Infections are particularly common with
nosocomial bacteria, cytomegalovirus, Pneumocystis sp.,
and fungi, and all patients should receive prophylaxis for
Pneumocystis infection. A common clinical difficulty is
in determining whether a new abnormality on the chest
radiograph is due to infection or to active vasculitis. In
general, new vasculitic lesions are not seen when patients
are on high-dose immunosuppressants and the disease is
resolving elsewhere, but if doubt persists, an open lung
biopsy is the most useful investigation.

Clinical and Laboratory Features in the Different Causes of Rapidly Progressive Glomerulonephritis

COMPLEMENT  IMMUNE DEPOSITS IN
DISEASE TYPICAL CLINICAL FEATURES SEROLOGIC FINDINGS ~ LEVELS GLOMERULUS ON RENAL BIOPSY
Vasculitis Few/pauci-immune
Granulomatosis Prodrome of nasal stuffiness, blocked C-ANCA Normal or
with polyangiitis ears, arthralgia; then onset of increased
(Wegener hemoptysis, purpura, peripheral
granulomatosis) neuropathy
Microscopic Similar to granulomatosis with P-ANCA Normal or
polyangiitis polyangiitis (Wegener granulomatosis) or increased
affecting the kidneys only (renal-limited)
or overlap with polyarteritis nodosa
Anti—-GBM disease Macroscopic hematuria and hemoptysis Anti-GBM Normal or Linear staining for IgG
antibodies increased and C3
SLE (diffuse Previous history of SLE, marked ANA, anti— Low C3, Granular immune deposits
proliferative, hematuria and proteinuria, hypertension dsDNA low C4
WHO class IV) “telescoping” urinary sediment antibodies
IgA disease Persistent microscopic hematuria with IgA (increased in ~ Normal or
episodes of synpharyngitic macroscopic about half of increased
hematuria, with proteinuria, cases)
hypertension
Poststreptococcal At 1 to 3 weeks after streptococcal ASQO, anti-DNase Low C3,
glomerulonephritis ~ pharyngitis or impetigo, macroscopic B antibodies normal C4

hematuria, edema, hypertension, oliguria

ANA, Antinuclear antibodies; anti-dsDNA, anti-double-stranded DNA; ASO, antistreptolysin O; C-ANCA, cytoplasmic antineutrophil cytoplasmic
antibodies; GBM, glomerular basement membrane; IgA, immunoglobulin A; P-ANCA, perinuclear antineutrophil cytoplasmic antibodies; SLE, systemic

lupus erythematosus; WHO, World Health Organization.
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FIGURE 47.3 A, Chest x-ray film showing alveolar hemorrhage in
the right (R) lung in a patient with Granulomatosis with polyangiitis
(Wegener granulomatosis). B, Chest computed tomography scan
taken at about the same time showing an air bronchogram (long
arrow), typical of alveolar hemorrhage, and cavitation in a nodule
(short arrow).

Prolonged use of cyclophosphamide is associated with an
increased risk of cancer, especially transitional cell bladder
cancer, myelodysplasia, and lymphoma.”'° Approximately
half of the patients who receive cyclophosphamide for
more than 1 year have hematuria 8 years later, and 16%
have bladder cancer after 15 years. The risk of bladder
complications from cyclophosphamide is reduced with
morning administration and a lower total dose, but all
patients should be monitored for hematuria regularly and
for life. A year’s treatment with cyclophosphamide induces
infertility in most patients, both male and female, as well as
early menopause and low testosterone levels and impotence.
When relevant, embryo, ovum, and sperm storage should
be offered before treatment is started.

High-dose steroids may cause disturbed sleep and
altered mood, hypertension, hyperglycemia, gastrointestinal
bleeding, and predisposition to infections. Long-term
complications include osteoporosis (contributed to by the
low estrogen and testosterone), weight gain, increased skin
fragility, cataracts, and myopathy. The bone loss is greatest
in the first 6 months of steroid treatment,"" and patients

FIGURE 47.4 See also color plates. A, Segmental necrotizing lesion
typical of that seen in granulomatosis with polyangiitis (Wegener
granulomatosis) and microscopic polyangiitis. B, Gellular crescent
(arrow) in Bowman'’s space, enveloping the glomerular tuft. C,
“Pauci-immune” pattern, with only a few scattered C3 deposits
in the glomerulus.

require calcium, vitamin D, or bisphosphonates from the
initiation of therapy.

Management in the Intensive Care Unit

Patients with rapidly progressive glomerulonephritis
usually are managed on the renal ward but may be
admitted to the ICU for treatment of acute renal failure,
or for respiratory support in cases of alveolar hemorrhage,
pulmonary edema, or severe underlying lung disease.



Patients also may be hospitalized for the management
of complications such as pneumonia or overwhelming
sepsis.’” Other challenges in the ICU include the need
for vigilance for alveolar hemorrhage, anemia and hypox-
emia, gastrointestinal hemorrhage, hyperglycemia, and
sepsis, and the treatment of subglottic tracheal stenosis in
patients with granulomatosis with polyangiitis (Wegener
granulomatosis).

Prognosis

Patients with glomerulonephritis admitted to the ICU with
a high Acute Physiology and Chronic Health Evaluation
(APACHE) II score have an increased mortality rate and a
5-year survival rate of only 25% to 50%." Most deaths in
these patients are due to sepsis and other adverse effects
of treatment.

CLINICAL PRESENTATION AND
MANAGEMENT OF RAPIDLY PROGRESSIVE
GLOMERULONEPHRITIS

Small-Vessel Vasculitis

Granulomatosis with polyangiitis (Wegener granulomatosis)
and microscopic polyangiitis account for the majority
of cases of rapidly progressive glomerulonephritis.
Microscopic polyangiitis includes a renal-limited form'
consisting of glomerular disease only, as well as the
overlap syndrome with polyarteritis nodosa, which affects
medium-sized vessels and results in renal, mesenteric, and
coronary artery aneurysms and ischemia.'” Renal-limited
microscopic polyangiitis is the most common presentation
of small-vessel vasculitis.

All forms of small-vessel vasculitis are characterized
histologically by a pauci-immune segmental necrotiz-
ing glomerulonephritis (see Fig. 47.4A) and necrotizing
vasculitis of the other capillaries, venules, arterioles,
and arteries within the kidney. Granulomas typically are
present in granulomatosis with polyangiitis (Wegener
granulomatosis).

Granulomatosis with polyangiitis (Wegener granulo-
matosis) affects both genders and all age groups, but
the average age at presentation is 50 years. This disease
rarely is observed in blacks.'” The prodrome may be
prolonged, and the diagnosis may be overlooked for
months. Presenting features include rapidly progres-
sive glomerulonephritis with extracapillary crescents,
pulmonary hemorrhage, episcleritis, persistent sinusitis,
hearing loss, rhinorrhea, purpura, peripheral neuropathy,
and subglottic tracheal stenosis.'”'? Sometimes disease
is limited to the ear, nose, or respiratory tract. Granulo-
matosis with polyangiitis is a chronic relapsing disease
that often recurs within the first few years after the initial
presentation and remission.

Microscopic Polyangiitis

Males are affected more often than females, but patients
generally are older than those with granulomatosis with
polyangiitis (Wegener granulomatosis). Presenting features
are similar, except that all patients have glomerulonephri-
tis, and respiratory tract and ear and nose disease is less
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common."*"* Microscopic polyangiitis is less likely to relapse
than granulomatosis with polyangiitis and may resolve
permanently after several years.

Antineutrophil Cytoplasmic Antibodies in
Small-Vessel Vasculitis

Granulomatosis with polyangiitis (Wegener granulomatosis)
and microscopic polyangiitis are associated with ANCA,
which are autoantibodies directed against enzymes found
within the cytoplasmic granules of neutrophils and mono-
cytes. Recognition of the association with ANCA has greatly
increased the clinician’s ability to diagnose small-vessel
vasculitis,”® but no patient should receive treatment on
the basis of a positive result on ANCA testing without
independent confirmation.

Sera from patients in whom small-vessel vasculitis is
suspected are screened for ANCA by indirect immunofluo-
rescence of normal peripheral blood neutrophils,*® and all
fluorescence-positive sera are confirmed by enzyme-linked
immunosorbent assays (ELISAs) for the major ANCA speci-
ficities, proteinase 3 (PR3), and myeloperoxidase (MPO)."**!
Ninety percent of patients with active generalized granulo-
matosis with polyangiitis (Wegener granulomatosis) have
cytoplasmic ANCA (C-ANCA) directed against PR3. Nearly
80% of patients with active microscopic polyangiitis have
perinuclear ANCA (P-ANCA) directed against MPO, and the
few with P-ANCA and specificity for PR3 have disease that
more closely resembles granulomatosis with polyangiitis
(Wegener granulomatosis) with increased respiratory tract,
ear, and nose disease and an increased tendency to relapse.
In small-vessel vasculitis, ANCA levels usually are high at
presentation, fall with treatment, and, in approximately half
of the patients, increase just before relapse. These antibodies
also are found in inflammatory bowel disease, autoimmune
liver disease, theumatoid arthritis, and chronic infections,
but in such cases, the diagnosis usually is obvious, ANCA
levels are low, and the major antigens are not PR3 and
MPO."

Antineutrophil Cytoplasmic Antibodies and
Disease Pathogenesis

The development of ANCA is more likely in persons with
certain o,-antitrypsin and neutrophil FcyR111 receptor
genotypes,”** but infections have a role in disease ini-
tiation too. Experimental models and evidence of disease
transmission in utero indicate that MPO-ANCA and prob-
ably PR3-ANCA are pathogenetic.”**> The mechanism is
as follows: infections increase levels of circulating tumor
necrosis factor (TNF),”** which induces neutrophils to
express surface PR3 and MPO.”® ANCA bind to these
molecules and activate the neutrophils, which degranulate
and release cytokines, reactive oxygen species, and lytic
enzymes. These damage the vascular endothelium. The
activated neutrophils also release PR3 and MPO, which
adhere to the endothelial cells, allowing further ANCA to
bind, resulting in increased inflammation. Patients with
granulomatosis with polyangiitis (Wegener granulomatosis)
appear to have more neutrophils that constitutively express
membrane PR3 and can be stimulated by ANCA without
priming by infection.* Cellular and extracellular MPO may
both cause glomerular and interstitial damage.* Humoral and
T cell responses are involved, for neutrophil localization and
attraction and monocyte/macrophage activation and crescent
formation, respectively.”’ In patients with PR3 vasculitis
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more organs are affected, whereas in those with MPO a renal
limited vasculitis is often identified.”* A histopathologic
classification of ANCA-associated glomerulonephritis,
based on different glomerular lesions, has been proposed
as a method of prognostication of outcomes at diagnosis.
The four categories of glomerular lesions are referred to as
focal, crescentic, mixed, and sclerosing; the different lesions
correlate with the loss of function in order of increasing
severity.”

Treatment

The major aim of treatment is to prevent renal involvement
in granulomatosis with polyangiitis (Wegener granuloma-
tosis) and to delay renal failure in cases in which kidney
involvement is already present in granulomatosis with
polyangiitis and microscopic polyangiitis. Fewer than 20%
of patients with small-vessel vasculitis and kidney disease
survive without treatment for 1 year, and those given steroids
alone exhibit a transient and incomplete response. Thus
all patients, including the elderly, should have at least a
trial of steroids and immunosuppressants if the intent is
to salvage renal function.

Induction therapy for patients with small-vessel vasculitis
and rapidly progressive glomerulonephritis, pulmonary
hemorrhage, inflammatory tracheal stenosis, and other
serious manifestations is high-dose corticosteroids and
cyclophosphamide.””

Disease that is resistant to these regimens is rare but
responds to rituximab and certain TNF antagonists such
as infliximab.*** Although rituximab can induce remission
in patients with mild to moderate kidney involvement
in ANCA-associated glomerulonephritis, this anti—-CD20
monoclonal antibody is essentially equivalent to cyclo-
phosphamide in terms of efficacy and it also has a similar
risk profile.”® Patients with ANCA glomerulonephritis
and rapid worsening of function should receive at least
corticosteroids and cyclophosphamide. Additional benefits
could derive from plasma exchange because this treatment
reduces the development of end-stage renal disease (ESRD)
by approximately 40%."” Remission induction with cyclo-
phosphamide and corticosteroids followed by rituximab
to maintain remission is suggested as approach for severe
disease.”®

Response to Treatment

Patients should be monitored for general well-being and
specific symptoms, as well as urinary RBC counts, FBE,
C-reactive protein, serum creatinine, and ANCA. A rapid
response to treatment is typical.'” Hemoptysis resolves in
days, and radiologic evidence of pulmonary hemorrhage and
nodules clears within 1 week and 1 month, respectively.
Urinary RBC counts and C-reactive protein levels stabilize
and begin to fall within days. Maximal improvement in
serum creatinine occurs between 10 days and 2 months.
Deafness and neuropathy resolve more slowly, and recovery
may be incomplete. Proteinuria decreases gradually and
does not necessarily return to baseline. ANCA persist for
at least 4 months.

Clinical Course

After the initial course of therapy, cyclophosphamide typi-
cally is substituted with another agent, usually azathioprine,

but sometimes methotrexate, mycophenolate, or tacrolimus;
this regimen is continued for 3 years in granulomatosis
with polyangiitis (Wegener granulomatosis) and 2 years
in microscopic polyangiitis if no relapses occur. However,
relapses are common and often occur when the medication
dose is reduced too quickly. Relapses tend to be less severe
than the initial disease and to respond more rapidly to
increased medication, but sometimes a further short course
of cyclophosphamide is necessary.

When renal transplantation is required, it is delayed
for at least 6 months after the initial presentation or the
most recent relapse to prevent disease recurrence in the
graft.”’ Elective surgery such as nasal reconstruction should
be delayed for a year after presentation, but a tracheal
stricture that predisposes the patient to infections should
be corrected immediately with surgery or, if necessary, a
tracheostomy.

Disease-Associated Morbidity and Mortality

Disease-related morbidity occurs in possibly 90% of patients
with small-vessel vasculitis and arises from delays in
instituting treatment, progression of subclinical disease,
and relapse. Nearly half of all patients have some degree of
renal impairment at presentation, and 20% have moderate to
severe respiratory disease. Overall, the single most important
determinant of outcome in these patients is the presence of
renal disease, and the strongest predictor of renal outcome
is the serum creatinine level at presentation.*’

In ANCA-associated pauci-immune glomerulonephritis
a 20% mortality rate is observed within the first year of
diagnosis. In those who survive, ESRD occurs in up to 25%
of the patients within the first 4 years after diagnosis.**™*
The overall survival in patients with ANCA-associated
vasculitis receiving a kidney transplant is similar to that
for patients with other glomerulonephtitis.*’

A study conducted in very elderly patients has shown
that the use of immunosuppression is able to reduce the
incidence of ESRD within the first year of diagnosis. The
immunosuppressive treatment and peak serum creatinine
before biopsy are the only factors influencing progression
to ESRD. Immunosuppression is associated with lower risk
of death and/or ESRD in multivariable models only with
a follow-up longer than 2 years.*

Anti—Glomerular Basement Membrane Disease

Anti-GBM disease***’ accounts for less than 5% of all
cases of rapidly progressive glomerulonephritis. It affects
patients of all ages, but especially young males and the
elderly. Anti-GBM disease is strongly associated with human
leukocyte antigen (HLA) DRB1*1501 and is seen occasionally
after renal injury—for example, with lithotripsy and after
pyelonephritis.”>*'

Clinical Features

The prodrome usually is mild, and patients often present
late in the clinical course with hemoptysis, macroscopic
hematuria, or acute renal failure. One third have dyspnea
or hemoptysis (Goodpasture syndrome), which may be
precipitated by cigarette smoking, hydrocarbon exposure,
pulmonary infection, or fluid overload.” The severity of
hemoptysis is a poor indicator of the extent of alveolar
hemorrhage. Hypertension is uncommon.



Anti—-GBM disease may be differentiated from small-
vessel vasculitis by the paucity of systemic features, the
presence of a very active urinary sediment (often with
RBC counts higher than 1 million/mL, with many red
cell casts and marked proteinuria), and the rapidity of
the deterioration in renal function. Patients often require
dialysis at presentation.

A rare atypical anti-GBM variant is characterized by
an indolent course with no pulmonary involvement and
undetectable circulating antibodies against noncollagenous
(NC1) domain of the a3-chain of type IV collagen.”

Diagnosis

The diagnosis of anti-GBM disease is confirmed with
the demonstration of circulating anti-GBM antibodies or
linear IgG bound to the glomerular basement membrane
in a renal biopsy specimen. Anti-GBM antibodies usually
are detected in a sensitive and specific ELISA, but anti-
body levels do not correlate with disease activity and are
undetectable in 10% of patients. Anti-GBM antibodies
also are found occasionally in patients with small-vessel
vasculitis.”™

A renal biopsy is critical in determining the severity and
reversibility of the glomerular disease and the presence of
tubular damage. The glomerular lesion varies, ranging from
mild mesangial hypercellularity to a diffuse proliferative
glomerulonephritis with extensive crescent formation. ATN
and interstitial inflammation often are present. Bright linear
polyclonal staining of GBM for IgG on immunofluorescence
is the hallmark of anti-GBM glomerulonephritis.” IgG and
C3 are found in the glomerular basement membrane, Bow-
man’s capsule, and the distal tubular membrane within the
kidney and in the alveolar membrane in the lung.

Disease Pathogenesis

The adult glomerular and alveolar basement membranes
comprise mainly type IV collagen heterotrimers with
a1(IV)-a5(IV) collagen chains, and the Goodpasture antigen
target is found within the a3(IV) chain.” Antibody binding,
complement activation, phagocyte accumulation, and T
cells contribute to glomerular damage.

Treatment and Outcome

Renal function declines more rapidly in anti-GBM disease
than in any other form of rapidly progressive glomerulo-
nephritis; without treatment, affected patients die of renal
failure or pulmonary hemorrhage. Thus all patients with
anti-GBM disease, except those with minimal renal involve-
ment or irreversible renal damage, should undergo early
treatment. The aim is to remove circulating anti-GBM
antibodies and inflammatory mediators®*” using plasma
exchange together with high-dose cyclophosphamide and
prednisolone. Some physicians do not perform plasma
exchange in patients with a creatinine level greater than
600 pmol/L with oliguria,” but acute renal failure in patients
with anti-GBM disease often is at least partly due to ATN,
which is reversible. Because the disease is not common
and the presentation is typically acute and severe, clinical
trials are not easy to perform and the treatment is still
based on this combination therapy.”® The Kidney Disease:
Improving Global Outcomes (KDIGO) clinical practice
guidelines for glomerulonephritis have recommended a
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trial of rituximab versus cyclophosphamide in anti-GBM
disease. Interestingly, the use of other biologic agents for
this condition is possible.”

With this treatment, the urinary glomerular RBC counts
stabilize and fall, and the creatinine begins to improve
within a week. The response is slower in patients who
require dialysis. Hemoptysis ceases within a few days, and
alveolar hemorrhage clears radiologically within a week.
Oral prednisolone and cyclophosphamide are reduced over
3 months and then ceased if the disease is inactive and
anti—-GBM antibodies are undetectable.

Anti—-GBM disease is not a common cause of ESRD and
is not associated with altered dialysis survival. Moreover
renal transplant patients’ survival and renal allograft
survival rates are not influenced by the disease. Older
age and history of pulmonary hemorrhage are predictors
of death on dialysis in patients affected by anti-GBM
disease.”” Renal transplantation should be delayed until
anti-GBM antibodies are undetectable at least 6 months after
the initial presentation, to prevent disease recurrence in
the graft.

OTHER TYPES OF GLOMERULONEPHRITIS
THAT CAUSE ACUTE RENAL FAILURE

Less common causes of glomerulonephritis account
for less than 40% of all cases of rapidly progressive
glomerulonephritis.

Systemic Lupus Erythematosus

SLE is associated with a variety of renal histologic pat-
terns, but rapidly progressive glomerulonephritis in this
disorder most often is associated with diffuse proliferative
glomerulonephritis (class IV in the World Health Organiza-
tion [WHO] classification). This occurs in less than 10%
of all patients with lupus nephritis.

The diagnosis of diffuse proliferative lupus glomerulo-
nephritis is suspected in patients who fulfill the American
Rheumatology Association criteria for SLE and who have
high urinary RBC counts and marked proteinuria. Renal
function usually is impaired, and hypertension is common.
Other findings include anti-dsDNA antibodies and low
complement levels. In the renal biopsy specimen, more
than 50% of the glomeruli demonstrate a proliferative
lesion, crescents are common, and the capillary walls are
thickened with “wireloop” subendothelial deposits. A “full
hand” of IgG, IgM, IgA, C3, and C1q immune deposits is
characteristic.

In class IIT and IV disease, induction consists of intrave-
nous cyclophosphamide (low-dose: 500 mg fortnightly for
3 months or high-dose: 0.5—-1 g/m* monthly for 6 months)
or mycophenolate mofetil (2-3 g total daily dose) plus oral
glucocorticoids (0.5-1.0 mg/kg/day) with or without three
pulses of intravenous methylprednisolone at start of induc-
tion treatment. For postinduction maintenance therapy, oral
mycophenolate mofetil (1-2 g/day) and oral azathioprine
(1.5-2.5 mg/kg/day) are well tolerated and effective over a
3- to 4-year period, although mycophenolate mofetil may
be superior particularly in higher-risk patients.”’~* In class
V with a nephrotic range proteinuria, glucocorticoids, and
mycophenolate mofetil or other immunosuppressives should
be used as induction treatment, whereas the recommendation
for the maintenance therapy is equivalent to that in class



II/IV.°*% The efficacy of tacrolimus is comparable with
mycophenolate mofetil and cyclophosphamide. Rituximab
and biologic agents may be promising in refractory lupus
nephritis as induction therapy.”

Immunoglobulin A Glomerulonephritis

Most patients with IgA glomerulonephritis (IgAN) have a
benign disease with persistent microscopic hematuria, mild
proteinuria, and episodes of infection-associated macro-
scopic hematuria, but one third progress to renal failure
over years.” The MEST criteria (mesangial hypercellularity
[M], endocapillary hypercellularity [E], segmental glomeru-
losclerosis [S], and tubular atrophy/interstitial fibrosis [T])
in the Oxford classification are useful prognostic indicators
at the time or renal biopsy.”

In a small group of patients, a rapidly progressive glo-
merulonephritis with crescentic change and tubulointerstitial
inflammation develops. Crescentic IgAN accounts for 1% of
biopsies in the Oxford classification cohort.®® About 70% of
patients with crescentic IgAN progress to end-stage renal
disease (ESRD) in 5 years, and initial serum creatinine level
is the strongest risk factor for kidney failure.®

High-dose corticosteroids and immunosuppressants are
useful in these patients.”” Although corticosteroids may
reduce the risk of progression, the optimal management
of IgAN remains uncertain.”"’*

Poststreptococcal Glomerulonephritis

Poststreptococcal glomerulonephritis is common in chil-
dren” in developing countries 1 to 3 weeks after pharyngitis
or impetigo. Most cases are asymptomatic, but in 20% of
affected patients, the nephritic syndrome develops, manifest-
ing as hematuria, hypertension, oliguria, and an elevated
serum creatinine. Antistreptolysin O and anti-DNase B
antibodies are detectable after throat and skin infections,
respectively, and C3 levels are low. The prognosis usually is
excellent, and no specific treatment is needed. In up to 1%
of patients, however, acute renal failure with a crescentic
glomerulonephritis develops, sometimes associated with
ANCA.” The role of corticosteroids and immunosuppres-
sants in these patients is controversial.

Key Points

1. Glomerulonephritis is a rare cause of acute renal
failure, especially in the intensive care unit, and
may be misdiagnosed as acute tubular necrosis.

2. Rapidly progressive glomerulonephritis constitutes
a medical emergency, and an urgent renal biopsy
is indicated to make an accurate diagnosis and to
determine the extent of irreversible renal damage.

3. An urgent diagnosis is critical because renal func-
tion does not recover spontaneously, and because
aggressive treatment improves function and delays
the onset of end-stage renal failure.
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