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                       Introduction/Clinical Setting 

    Crescentic glomerulonephritis is not a specifi c disease but rather is a manifestation 
of severe glomerular injury that can be caused by many different etiologies and 
pathogenic mechanisms. The major immunopathologic categories of crescentic glo-
merulonephritis are immune complex-mediated, anti-glomerular basement mem-
brane (anti-GBM) antibody-mediated, and pauci-immune, which usually is 
antineutrophil cytoplasmic autoantibody (ANCA)-mediated [ 1 ]. Table  9.1  shows the 
relative frequency of these immunopathologic categories of crescentic glomerulone-
phritis. Crescentic glomerulonephritis can occur as a renal-limited process or as a 
component of systemic small-vessel vasculitis, such as IgA vasculitis (Henoch- 
Schönlein purpura), cryoglobulinemic vasculitis, Goodpasture’s syndrome, or 
ANCA vasculitis [ 2 – 5 ]. In addition to small-vessel vasculitis, the kidneys also are a 
frequent site of involvement by other forms of vasculitis, such as polyarteritis nodosa, 
Kawasaki disease, giant cell arteritis, and Takayasu arteritis [ 3 ,  5 ] (Table  9.2 ).
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   Table 9.1    Frequency of immunopathologic categories of crescentic glomerulonephritis in over 
3,000 consecutive native kidney biopsies evaluated by immunofl uorescence microscopy in the 
University of North Carolina Nephropathology Laboratory   

 Any crescents 
( n  = 487) 

 >50 % crescents 
( n  = 195) 

 Arteritis in biopsy 
( n  = 37) 

 Immunohistology 
   Pauci-immune 

(<2 + Ig) 
 47 % (227/487)  61 % (118/195) a   84 % (31/37) 

   Immune complex 
(>2 + Ig) 

 49 % (238/487)  29 % (56/195)  14 % (5/37) b  

  Anti-GBM  5 % (25/487) c   11 % (21/195)  3 % (1/37) d  

  From Jennette and Falk [ 3 ] 
  a 70 of 77 patients tested for ANCA were positive (91 %) (44 P-ANCA and 26 C-ANCA) 
  b 4 patients had lupus and 1 poststreptococcal glomerulonephritis 
  c 3 of 19 patients tested for ANCA were positive (16 %) (2 P-ANCA and 1 C-ANCA) 
  d This patient also had a P-ANCA (MPO-ANCA)  
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     Table 9.2    Names and defi nitions of vasculitis adopted by the 2012 Chapel Hill Consensus 
Conference on the nomenclature of systemic vasculitis (partial modifi ed listing)   

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

  Takayasu arteritis  Arteritis, often granulomatous, predominantly affecting 
the aorta and/or its major branches. Onset usually in 
patients younger than 50 

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

 Medium-vessel vasculitis  Vasculitis predominantly affecting medium arteries 
defi ned as the main visceral arteries and their branches. 
Any size artery may be affected. Infl ammatory 
aneurysms and stenoses are common 

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

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

 Small-vessel vasculitis  Vasculitis predominantly affecting small vessels, 
defi ned as small intraparenchymal arteries, arterioles, 
capillaries, and venules. Medium arteries and veins may 
be affected 

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

    Microscopic polyangiitis 
(MPA) 

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

    Granulomatosis with 
polyangiitis (Wegener’s) 
(GPA) 

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

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

 Eosinophil-rich and necrotizing granulomatous 
infl ammation often involving the respiratory tract, and 
necrotizing vasculitis predominantly affecting small to 
medium vessels, and associated with asthma and 
eosinophilia. ANCA is more frequent when 
glomerulonephritis is present 
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        Anti-Glomerular Basement Membrane Disease 

 Anti-GBM disease is a small-vessel vasculitis that affects the glomerular capillaries 
and pulmonary alveolar capillaries [ 6 ,  7 ]. It may occur as an isolated glomerulone-
phritis or as the renal component of a pulmonary-renal syndrome. In the latter 
instance, the term  Goodpasture ’ s syndrome  is appropriate. 

    Pathologic Findings 

    Light Microscopy 
 By light microscopy, the acute glomerular lesion is characterized by segmental to 
global fi brinoid necrosis with crescent formation in over 90 % of patients [ 1 ]. 
Periodic acid-Schiff (PAS) and silver stains demonstrate breaks in the GBM in areas 
of necrosis (Fig.  9.1 ). Glomerular segments that do not have necrosis often are 

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

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

    Cryoglobulinemic vasculitis 
(CV) 

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

    IgA vasculitis (IgAV) 
(Henoch-Schönlein) 

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

    Hypocomplementemic 
urticarial vasculitis 
(Anti-C1q vasculitis) 

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

  Each of these vasculitides can affect the kidneys. Large-vessel vasculitis usually presents as reno-
vascular hypertension, medium-sized vessel vasculitis as renal infl ammatory aneurysms and 
infarction, and small-vessel vasculitis as glomerulonephritis  

Table 9.2 (continued)
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remarkably normal or have a slight increase in neutrophils. Marked neutrophil infi l-
tration is observed in association with the necrosis in occasional specimens. Features 
of aggressive immune complex glomerulonephritis are notably absent, such as 
marked capillary wall thickening and endocapillary hypercellularity. Often there are 
breaks in Bowman’s capsule, occasionally with associated reactive multinucleated 
giant cells.

   With time, foci of glomerular necrosis evolve into glomerular sclerosis, and cel-
lular crescents become fi brous crescents. Acute tubulointerstitial infl ammation that 
is centered on necrotic glomeruli evolves to more regional or generalized interstitial 
fi brosis with chronic infl ammation and tubular atrophy.  

    Immunofluorescence Microscopy 
 Immunohistology demonstrates intense linear staining of the GBM (Fig.  9.2 ), pre-
dominantly for immunoglobulin G (IgG) along with more granular and discontinu-
ous staining for C3 (Fig.  9.3 ). Immunoglobulin A (IgA)-dominant anti-GBM 
disease is very rare [ 8 ]. Irregular staining for fi brin occurs at sites of fi brinoid necro-
sis and within crescents. In some specimens, the fi brinoid of glomeruli is so exten-
sive that identifi cation of linear staining along intact segments of GBM is diffi cult. 
Care must be taken not to misinterpret anti-GBM disease with extensive destruction 
of GBMs as pauci-immune disease.

        Electron Microscopy 
 Electron microscopy reveals no immune complex-type electron-dense deposits 
unless there is concurrent immune complex glomerulonephritis. Glomerular base-
ment membrane gaps are present in areas of necrosis and crescent formation. 
Cellular crescents typically contain electron-dense fi brin tactoid strands.  

  Fig. 9.1    Glomerulus from a 
patient with anti-glomerular 
basement membrane (GBM) 
disease showing a very large 
cellular crescent and 
extensive destruction of 
approximately 80 % of the 
tuft. A few silver-positive 
intact profi les of GBM are 
present at the hilum (Jones 
silver stain)       
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    Clinicopathologic Correlations 
 Anti-GBM disease is caused by autoantibodies directed against the α3 chain in the 
noncollagenous domain of type IV collagen [ 9 ]. Serologic confi rmation of anti-
GBM disease should be sought, but approximately 10–15 % of patients with  anti- GBM 
disease have negative results. About a quarter to a third of patients with anti-
GBM  disease also have ANCA [ 10 ]. Thus, all anti-GBM patients should be tested for 
ANCA. Patients with both anti-GBM and ANCA have an intermediate prognosis that 
is worse than ANCA alone but better than anti-GBM alone. Anti- GBM antibodies 

  Fig. 9.2    Glomerulus from 
a patient with anti-GBM 
disease showing linear 
staining of the GBM by direct 
immunofl uorescence 
microscopy using an antibody 
specifi c for immunoglobulin 
G (IgG)       

  Fig. 9.3    Glomerulus from 
a patient with anti-GBM 
disease showing irregular 
granular staining of the 
capillary walls by direct 
immunofl uorescence 
microscopy using an antibody 
specifi c for C3       
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characteristically occur as one episode that clears with immunosuppressive therapy, 
whereas ANCA disease is characterized by more persistent antibodies and frequent 
recurrence of disease. Patients with combined disease may have permanent remission 
of the anti-GBM disease with recurrence of the ANCA disease alone. 

 Approximately half the patients with anti-GBM disease present with rapidly pro-
gressive glomerulonephritis without pulmonary hemorrhage, and the other half have 
pulmonary-renal syndrome (Goodpasture’s syndrome). However, most patients with 
pulmonary-renal syndrome have ANCA disease rather than anti-GBM disease [ 11 ]. 

 Anti-GBM is the most aggressive form of crescentic glomerulonephritis and has 
the worst prognosis, especially if aggressive immunosuppressive treatment is not 
instituted quickly before the serum creatinine is >6 mg/dL [ 1 ,  7 ,  12 ]. The serum 
creatinine at the time treatment is begun is a better predictor of outcome than any 
pathologic feature. The current approach to treatment uses high-dose cytotoxic 
agents combined with plasma exchange [ 6 ,  7 ,  12 ].    

    Pauci-immune and ANCA Glomerulonephritis and Vasculitis 

    Introduction/Clinical Setting 

 Antineutrophil cytoplasmic autoantibody disease is a form of small-vessel vasculi-
tis [ 2 – 4 ,  13 – 15 ]. Small-vessel vasculitides have a predilection for capillaries, 
venules, and arterioles, although arteries may be affected [ 2 ,  13 ,  14 ]. The major 
immunopathologic categories of small-vessel vasculitis are anti-GBM disease, 
immune complex small-vessel vasculitis, and pauci-immune small-vessel vasculi-
tis. Pauci-immune small-vessel vasculitis is characterized by an absence or paucity 
(<2+) of vessel staining for immunoglobulin, which is distinct from the conspicuous 
linear staining in anti-GBM disease and prominent granular staining in immune 
complex disease. Approximately 85 % of active untreated pauci-immune crescentic 
glomerulonephritis and vasculitis is associated with ANCA in the circulation. The 
major clinicopathologic expressions of pauci-immune and ANCA-associated vas-
culitis are renal-limited vasculitis (pauci-immune necrotizing and crescentic glo-
merulonephritis), microscopic polyangiitis, granulomatosis with polyangiitis 
(Wegener’s granulomatosis), and eosinophilic granulomatosis with polyangiitis 
(Churg-Strauss syndrome) (Table  9.2 ) [ 2 ,  3 ,  13 ,  14 ].  

    Pathologic Findings 

    Light Microscopy, Immunofluorescence, and Electron Microscopy 
 Histologically, the glomerular lesion in all four clinicopathologic categories is iden-
tical and is characterized by fi brinoid necrosis and crescent formation (Figs.  9.4 , 
 9.5 , and  9.6 ). In less than 10 % of specimens, the glomerulonephritis may be accom-
panied by necrotizing arteritis (Fig.  9.7 ) (usually in the interlobular arteries) or med-
ullary angiitis affecting the vasa rectae (Fig.  9.8 ).
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       By light microscopy and electron microscopy, pauci-immune crescentic glomeru-
lonephritis cannot be distinguished from anti-GBM crescentic glomerulonephritis; 
however, immunofl uorescence microscopy readily distinguishes the two. Pauci- 
immune crescentic glomerulonephritis, by defi nition, has no or low-intensity immu-
nostaining for immunoglobulin; however, often there is some staining for 
immunoglobulin [ 16 ]. A reasonable approach is to draw the line at 2+ or less immu-
noglobulin staining on a scale of 0–4+ for pauci-immune disease. Pauci- immune cres-
centic glomerulonephritis often has irregular segmental or global staining for fi brin at 
sites of fi brinoid necrosis and crescent formation (Fig.  9.9 ). Electron microscopy may 
show no electron-dense deposits, or there may be a few small electron-dense deposits, 

  Fig. 9.4    Glomerulus from a 
patient with granulomatosis 
and polyangiitis (Wegener’s 
granulomatosis) 
demonstrating segmental 
fi brinoid necrosis and early 
cellular crescent formation 
(H&E)       

  Fig. 9.5    Glomerulus from a 
patient with microscopic 
polyangiitis demonstrating a 
cellular crescent at the top of 
the image and a small 
irregular fuchsinophilic ( red ) 
focus of fi brinoid necrosis 
near the bottom of the image 
(Masson trichrome stain)       
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especially if immunofl uorescence microscopy revealed staining for immunoglobulin. 
Glomerular basement membrane breaks often can be identifi ed.

   Microscopic polyangiitis (MPA) is necrotizing vasculitis with few or no immune 
deposits affecting small vessels, that is, capillaries, venules, or arterioles [ 4 ,  13 ,  14 , 
 17 ]. Necrotizing arteritis occurs in some but not all patients. Approximately 90 % 
of patients with microscopic polyangiitis have glomerulonephritis. Hemorrhagic 
pulmonary alveolar capillaritis is common in patients with microscopic polyangi-
itis. Histologically, the acute vascular lesions, for example, affecting dermal venules 
or small visceral arteries, are characterized by segmental fi brinoid necrosis, and 
mural and perivascular neutrophilic infi ltration with leukocytoclasia (Figs.  9.7  and 
 9.8 ). Within a few days, the predominant infl ammatory cells in the vasculitic lesions 

  Fig. 9.7    Interlobular artery 
in a renal biopsy from 
a patient with microscopic 
polyangiitis showing 
circumferential fi brinoid 
necrosis with associated 
leukocyte infi ltration and 
leukocytoclasia (H&E)       

  Fig. 9.6    Glomerulus from 
a patient with ANCA-positive 
renal-limited disease showing 
a large cellular crescent with 
extensive destruction of the 
glomerular tuft (Jones silver 
stain)       
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evolve from neutrophils to mononuclear leukocytes, and the fi brinoid necrosis 
transforms into fi brosis. 

 Granulomatosis with polyangiitis (Wegener’s granulomatosis) (GPA) is charac-
terized by granulomatous infl ammation that frequently is accompanied by necrotiz-
ing vasculitis affecting capillaries, venules, arterioles, and small- to medium-sized 
arteries [ 4 ,  13 ,  14 ]. Necrotizing granulomatous infl ammation is observed most often 
in the upper and lower respiratory tract but occasionally in other tissues, such as the 
orbit, skin, and kidneys. The granulomatous lesions typically have extensive necro-
sis with infi ltrating mononuclear and polymorphonuclear leukocytes with scattered 
multinucleated giant cells. Necrotizing glomerulonephritis is common (Fig.  9.4 ). 

  Fig. 9.8    Medullary vasa 
recta in a renal biopsy from 
a patient with granulomatosis 
with polyangiitis (Wegener’s 
granulomatosis) showing 
angiitis with leukocytoclasia 
(H&E)       

  Fig. 9.9    Glomerulus from 
a patient with ANCA 
crescentic glomerulonephritis 
with irregular staining of a 
large crescent by direct 
immunofl uorescence 
microscopy using an antibody 
specifi c for fi brin       
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The vasculitis in the lungs and elsewhere can involve arteries, arterioles, veins, 
venules, and capillaries and can be granulomatous or nongranulomatous. The latter 
is histologically identical to the necrotizing vasculitis of MPA and eosinophilic 
granulomatosis with polyangiitis (Churg-Strauss syndrome) (EGPA). 

 EGPA is characterized by eosinophil-rich granulomatous infl ammation involving 
the respiratory tract and necrotizing vasculitis affecting small- to medium-sized ves-
sels that is associated with asthma and blood eosinophilia [ 13 ,  14 ]. The vasculitis of 
EGPA cannot be defi nitively differentiated by histology from the vasculitis of GPA 
or MPA; however, there is a tendency for more eosinophils among the infi ltrating 
leukocytes. Likewise, the necrotizing granulomatous infl ammation of EGPA resem-
bles that of GPA but tends to have more eosinophils. The vasculitis of EGPA most 
often affects the lungs, heart, peripheral nervous system, skin, gut, and kidneys. The 
pauci-immune focal necrotizing glomerulonephritis of EGPA usually is less severe 
than the glomerulonephritis in GPA or MPA but is histologically indistinguishable.   

    Etiology/Pathogenesis 

 Overall, approximately 90 % of patients with pauci-immune crescentic glomerulone-
phritis or pauci-immune small-vessel vasculitis have circulating ANCA [ 4 ,  15 ]. The 
two major antigen specifi cities of ANCA are for proteinase 3 (PR3-ANCA) or myelo-
peroxidase (MPO-ANCA). Either specifi city can occur in any clinicopathologic vari-
ant of ANCA disease, but MPO-ANCA is most prevalent in renal-limited disease and 
PR3-ANCA is most prevalent in GPA. Overall, <50 % of patients with EGPA have 
ANCA; however, >90 % of EGPA patients with crescentic glomerulonephritis have 
ANCA, usually MPO-ANCA. In Asia, MPO-ANCA is much more frequent than 
PR3-ANCA in all clinicopathologic variants [ 18 ]. Genetic associates and important 
disease characteristics, such as response to therapy and frequency of relapses, corre-
late better with ANCA specifi city than with clinicopathologic phenotype [ 19 ]. 

 There is compelling in vitro and animal model experimental data showing that 
ANCA IgG causes glomerulonephritis and vasculitis, probably by direct interaction 
with neutrophils (and possibly monocytes) resulting in neutrophil activation with 
release of complement-activating factors, lytic enzymes, and reactive oxygen radi-
cals that cause the infl ammatory injury to glomeruli and vessels [ 20 ,  21 ]. Clinical 
support is provided by the observation that a neonate developed pulmonary hemor-
rhage and nephritis following transplacental transfer of maternal MPO-ANCA IgG 
[ 22 ] as well as the effectiveness of therapy that reduce circulating antibody levels, 
such as immunosuppressive drugs, anti-B antibodies, and plasma exchange [ 15 ].  

    Clinicopathologic Correlations 

 All variants of pauci-immune small-vessel vasculitis and glomerulonephritis 
are treated with high-dose corticosteroids and immunosuppressive agents when 
there is active and progressive glomerulonephritis [ 15 ,  23 ,  24 ]. Remission of 
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glomerulonephritis and other vasculitic manifestations can be induced in approxi-
mately 80 % of patients. However, a third or more of patients may have one of 
more relapses within 5 years. Nevertheless, the 5-year renal and patient survival 
approaches 80 % if treatment is instituted early enough. As with anti-GBM disease, 
the renal outcome in ANCA disease correlates best with the serum creatinine at the 
time treatment was begun. A pathologic classifi cation system categorizes pauci-
immune crescentic glomerulonephritis as focal (50 % or more histologically normal 
glomeruli), crescentic (50 % or more crescents), sclerotic (50 % or more global 
sclerosis), or mixed (<50 % normal, crescentic, and sclerotic glomeruli) [ 25 ]. Renal 
function at presentation and the outcome is best for the focal class and worst for the 
sclerotic class.   

    Polyarteritis Nodosa 

    Introduction/Clinical Setting 

 Polyarteritis nodosa is a medium-vessel vasculitis because it primarily affects 
medium- sized arteries rather than smaller vessels [ 3 ,  5 ,  13 ,  14 ]. The other major 
category of medium-vessel vasculitis is Kawasaki disease (Table  9.2 ). Medium-
vessel vasculitides have a predilection for main visceral arteries, such as the coro-
nary, hepatic, renal, and mesenteric arteries and their major fi rst- and second-order 
branches. These same vessels, however, also can be involved with large-vessel vas-
culitides and small-vessel vasculitides. In the kidney, the major targets of polyarteri-
tis nodosa and Kawasaki disease are the interlobar and arcuate arteries, whereas 
ANCA small- vessel vasculitis primarily targets interlobular arteries, arterioles, vasa 
rectae, and glomerular capillaries [ 3 ]. 

 The term  polyarteritis nodosa  has been used quite variably over the years [ 2 ]. 
Some defi nitions have allowed involvement of vessels smaller than arteries, 
including glomerulonephritis. However, the Chapel Hill nomenclature system 
confi ned the term to necrotizing arteritis that affects arteries but does not involve 
vessels smaller than arteries and thus does not cause glomerulonephritis [ 13 ,  14 ]. 
If pauci- immune necrotizing arteritis is associated with glomerulonephritis, 
this would be categorized as microscopic polyangiitis by the Chapel Hill 
n omenclature system.  

    Pathologic Findings 

    Light Microscopy 
 By light microscopy, polyarteritis nodosa is characterized by segmental transmural 
fi brinoid necrosis and accompanying infl ammation (Fig.  9.10 ), which initially has 
predominantly neutrophils and sometimes eosinophils but within several days has 
predominantly mononuclear leukocytes. The segmental infl ammation and necrosis 
in artery walls may produce an aneurysm (actually a pseudoaneurysm) by eroding 
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through the artery wall into the perivascular tissue. Infarction and hemorrhage are 
the major consequences of renal involvement by polyarteritis nodosa.

   Polyarteritis nodosa is treated with high-dose corticosteroids, often in com-
bination with cytotoxic drugs such as cyclophosphamide [ 26 ]. Polyarteritis 
nodosa is less likely to recur after induction of remission than is microscopic 
polyangiitis.    

    Kawasaki Disease 

 The sine qua non of Kawasaki disease is the mucocutaneous lymph node syn-
drome, which includes fever, cutaneous and oral mucosal erythema and slough-
ing, and lymphadenopathy [ 5 ,  13 ,  14 ,  27 ]. Kawasaki disease is a disease of 
childhood that rarely occurs after the age of 5 years. The vasculitic lesions of 
Kawasaki disease involve predominantly small- and medium-sized arteries, 
with a special predilection for the coronary arteries [ 27 ]. The histologic lesions 
are characterized by segmental transmural edema and necrosis with infi ltration 
by monocytes and neutrophils (Fig.  9.11 ). The necrotizing lesions of Kawasaki 
disease have less fi brinoid material and more edema than the necrotizing lesions 
of polyarteritis nodosa.

   Kawasaki disease rarely causes clinically signifi cant renal disease; however, 
postmortem examination demonstrates substantial involvement of renal arteritis in 
many patients who die from Kawasaki disease [ 27 ]. 

 The arteritis of Kawasaki disease responds very well to treatment with aspirin 
and high-dose intravenous immunoglobulin [ 28 ].  

  Fig. 9.10    Arcuate artery in 
a renal biopsy from a patient 
with polyarteritis nodosa 
showing segmental fi brinoid 
necrosis with associated 
leukocyte infi ltration and 
leukocytoclasia (H&E)       
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    Large-Vessel Vasculitis 

    Introduction/Clinical Setting 

 Large-vessel vasculitis affects the aorta and its major branches with transmural 
chronic infl ammation that is characterized even in the acute phase by infi ltration of 
predominantly mononuclear leukocytes, often with accompanying multinucleated 
giant cells [ 5 ,  13 ,  14 ]. The two major clinicopathologic variants are giant cell arte-
ritis and Takayasu arteritis. The best distinguishing feature between these two vari-
ants is the age of the patient [ 13 ,  14 ]. Giant cell arteritis rarely occurs before 50 
years of age, and Takayasu arteritis virtually always occurs prior to the age of 50. 
Postmortem examination reveals that pathologic involvement of the kidneys by 
large-vessel vasculitis is much more common than clinically signifi cant involve-
ment [ 3 ]. The most common clinical manifestation is renovascular hypertension, 
which results from involvement of the main renal artery or its major branches, espe-
cially the lobar (interlobar) arteries [ 29 ].  

    Pathologic Findings 

 The pathologic hallmark of large-vessel vasculitis is transmural infi ltration of artery 
walls by mononuclear leukocytes accompanied by variable numbers of multinucle-
ated giant cells (Fig.  9.12 ) [ 5 ]. This often results in thickening of the intima and 
narrowing of the lumen, which causes ischemia to the tissue supplied by the artery. 

  Fig. 9.11    Lobar artery in a 
postmortem kidney specimen 
from a patient with Kawasaki 
disease showing segmental 
necrosis with associated 
edema and leukocyte 
infi ltration (H&E)       
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Involvement of the renal artery can cause a pattern of renal artery stenosis atrophy 
in the renal parenchyma that is characterized by marked reduction in the size of the 
tubules and resultant clustering of glomeruli close to one another. This pattern of 
atrophy has much less interstitial fi brosis and infl ammation than the ischemic atro-
phy of hypertensive arterionephrosclerosis.

   Large-vessel vasculitis that is causing substantial ischemic injury is treated with 
corticosteroids [ 30 ,  31 ]. Patients with severe disease or steroid toxicity require other 
immunosuppressive agents, e.g., cyclophosphamide, mycophenolate mofetil, or 
azathioprine. Reconstructive vascular surgery (stent or bypass) may be required to 
improve fl ow to ischemic tissues.      
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