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the treatment is different.
As variants of persistent bacterial infection in blood-associated
glomerulonephritis, postinfectious glomerulonephritis can occur in
patients with ventriculoatrial and ventriculoperitoneal shunts; pulmonary, intraabdominal, pelvic, or cutaneous infections; and infected
vascular prostheses. In developed countries, a significant proportion
of cases afflict adults, especially the immunocompromised, and the
predominant organism is Staphylococcus. The clinical presentation
of these conditions is variable and includes proteinuria, microscopic
hematuria, acute renal failure, and hypertension. Serum complement
levels are low, and there may be elevated levels of C-reactive proteins,
rheumatoid factor, antinuclear antibodies, and cryoglobulins. Renal
lesions include membranoproliferative glomerulonephritis (MPGN),
diffuse proliferative and exudative glomerulonephritis (DPGN), or
mesangioproliferative glomerulonephritis, sometimes leading to
RPGN. Treatment focuses on eradicating the infection, with most
patients treated as if they have endocarditis. The prognosis is guarded.
LUPUS NEPHRITIS
Lupus nephritis is a common and serious complication of systemic
lupus erythematosus (SLE) and most severe in African-American
female adolescents. Thirty to 50% of patients will have clinical manifestations of renal disease at the time of diagnosis, and 60% of adults
and 80% of children develop renal abnormalities at some point in the
course of their disease. Lupus nephritis results from the deposition of
circulating immune complexes, which activate the complement cascade leading to complement-mediated damage, leukocyte infiltration,
activation of procoagulant factors, and release of various cytokines.
In situ immune complex formation following glomerular binding of
nuclear antigens, particularly necrotic nucleosomes, also plays a role
in renal injury. The presence of antiphospholipid antibodies may also
trigger a thrombotic microangiopathy in a minority of patients.
The clinical manifestations, course of disease, and treatment
of lupus nephritis are closely linked to renal pathology. The most
common clinical sign of renal disease is proteinuria, but hematuria,
hypertension, varying degrees of renal failure, and active urine sediment with red blood cell casts can all be present. Although significant
renal pathology can be found on biopsy even in the absence of major
abnormalities in the urinalysis, most nephrologists do not biopsy
patients until the urinalysis is convincingly abnormal. The extrarenal
manifestations of lupus are important in establishing a firm diagnosis
of systemic lupus because, while serologic abnormalities are common
in lupus nephritis, they are not diagnostic. Anti-dsDNA antibodies
that fix complement correlate best with the presence of renal disease. Hypocomplementemia is common in patients with acute lupus
nephritis (70–90%) and declining complement levels may herald a
flare. Although urinary biomarkers of lupus nephritis are being identified to assist in predicting renal flares, renal biopsy is the only reliable
method of identifying the morphologic variants of lupus nephritis.
The World Health Organization (WHO) workshop in 1974 first
outlined several distinct patterns of lupus-related glomerular injury;
these were modified in 1982. In 2004 the International Society of
Nephrology in conjunction with the Renal Pathology Society again
updated the classification. This latest version of lesions seen on biopsy
(Table 338-3) best defines clinicopathologic correlations, provides
valuable prognostic information, and forms the basis for modern treatment recommendations. Class I nephritis describes normal glomerular
histology by any technique or normal light microscopy with minimal
mesangial deposits on immunofluorescent or electron microscopy.
Class II designates mesangial immune complexes with mesangial
proliferation. Both class I and II lesions are typically associated with
minimal renal manifestation and normal renal function; nephrotic
syndrome is rare. Patients with lesions limited to the renal mesangium
have an excellent prognosis and generally do not need therapy for their
lupus nephritis.
The subject of lupus nephritis is presented under acute nephritic
syndromes because of the aggressive and important proliferative
lesions seen in class III–V renal disease. Class III describes focal lesions
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Table 338-3 Classification for Lupus Nephritis
Class I

Minimal mesangial

Class II

Mesangial proliferation

Class III

Focal nephritis

Class IV

Diffuse nephritis

Class V

Membranous nephritis

Class VI

Sclerotic nephritis

Normal histology with mesangial
deposits
Mesangial hypercellularity with
expansion of the mesangial matrix
Focal endocapillary ± extracapillary
proliferation with focal subendothelial immune deposits and mild
mesangial expansion
Diffuse endocapillary ± extracapillary
proliferation with diffuse subendothelial immune deposits and mesangial alterations
Thickened basement membranes
with diffuse subepithelial immune
deposits; may occur with class III or
IV lesions and is sometimes called
mixed membranous and proliferative
nephritis
Global sclerosis of nearly all glomerular capillaries

Note: Revised in 2004 by the International Society of Nephrology-Renal Pathology Society
Study Group.

with proliferation or scarring, often involving only a segment of the
glomerulus (see Fig. 62e-12). Class III lesions have the most varied
course. Hypertension, an active urinary sediment, and proteinuria
are common with nephrotic-range proteinuria in 25–33% of patients.
Elevated serum creatinine is present in 25% of patients. Patients with
mild proliferation involving a small percentage of glomeruli respond
well to therapy with steroids alone, and fewer than 5% progress to renal
failure over 5 years. Patients with more severe proliferation involving a
greater percentage of glomeruli have a far worse prognosis and lower
remission rates. Treatment of those patients is the same as that for class
IV lesions. Many nephrologists believe that class III lesions are simply
an early presentation of class IV disease. Others believe severe class
III disease is a discrete lesion requiring aggressive therapy. Class IV
describes global, diffuse proliferative lesions involving the vast majority
of glomeruli. Patients with class IV lesions commonly have high antiDNA antibody titers, low serum complement, hematuria, red blood
cell casts, proteinuria, hypertension, and decreased renal function; 50%
of patients have nephrotic-range proteinuria. Patients with crescents
on biopsy often have a rapidly progressive decline in renal function
(see Fig. 62e-12). Without treatment, this aggressive lesion has the
worst renal prognosis. However, if a remission—defined as a return to
near-normal renal function and proteinuria ≤330 mg/dL per day—is
achieved with treatment, renal outcomes are excellent. Current evidence suggests that inducing a remission with administration of highdose steroids and either cyclophosphamide or mycophenolate mofetil
for 2–6 months, followed by maintenance therapy with lower doses of
steroids and mycophenolate mofetil or azathioprine, best balances the
likelihood of successful remission with the side effects of therapy. There
is no consensus on use of high-dose intravenous methylprednisolone
versus oral prednisone, monthly intravenous cyclophosphamide versus
daily oral cyclophosphamide, or other immunosuppressants such as
cyclosporine, tacrolimus, rituximab, or belimumab. Nephrologists tend
to avoid prolonged use of cyclophosphamide in patients of childbearing
age without first banking eggs or sperm.
The class V lesion describes subepithelial immune deposits producing a membranous pattern; a subcategory of class V lesions is associated
with proliferative lesions and is sometimes called mixed membranous
and proliferative disease (see Fig. 62e-11); this category of injury is
treated like class IV glomerulonephritis. Sixty percent of patients present with nephrotic syndrome or lesser amounts of proteinuria. Patients
with lupus nephritis class V, like patients with idiopathic membranous
nephropathy, are predisposed to renal-vein thrombosis and other
thrombotic complications. A minority of patients with class V will
present with hypertension and renal dysfunction. There are conflicting data on the clinical course, prognosis, and appropriate therapy for
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