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Goodpasture Syndrome
and the Diffuse Alveolar

Hemorrhage Syndrome

Stephen M. Bonsib

Diffuse alveolar hemorrhage (DAH) can be one of the most
dramatic manifestations of pulmonary disease, prompting an im-
mediate medical consultation.'”® DAH may develop within the
context of several pulmonary diseases, as part of a systemic disor-
der, or as a complication of therapy.' ® Regardless of the cause,
patients with DAH present the triad of hemoptysis, anemia, and
alveolar-filling densities on chest x-ray films."** The source of
bleeding in DAH is usually widespread, originating from the
microvasculature of the lung with erythrocytes and fibrin pouring
into alveolar spaces.

In patients with DAH syndrome and extrapulmonary disease,
the systemic manifestations provide important clues to the diag-
nosis and influence the clinical workup (Table 62-1). The extra-
pulmonary components, particularly the severity of renal involve-
ment, significantly affect the patient’s prognosis, regardless of the
underlying cause.”®

CLASSIFICATION

The etiologic diversity within DAH syndromes became apparent
in 1973 with the identification of two immunologic mechanisms
in these patients. Wilson and Dixon identified the antiglomerular
basement membrane antibody (AGBM) in a subgroup of patients
with DAH and rapidly progressive glomerulonephritis (RPGN),
now known as Goodpasture syndrome (GPS), and several groups
identified immune complexes associated with DAH and prolifera-
tive glomerulonephritis.” ' The appreciation that diverse patho-
genic mechanisms may mediate DAH prompted Thomas and
Irwin in 1975 to divide DAH into three categories: GPS, immune
complex—associated DAH, and idiopathic pulmonary hemosider-
osis (IPH).'?

In the 1980s, additional categories of DAH were recognized:
systemic vasculitis, idiopathic crescentic glomerulonephritis, and
exposure to exogenous agents that expanded the classification.*
With the discovery of a serologic marker for necrotizing vasculitis,
antineutrophil cytoplasmic antibody (ANCA), an immunopatho-
logically oriented schema has been formulated (see Table 62-1).
The causes identified in two large series of patients with DAH are
listed in Table 62-2.>°

ETIOLOGY

Because immunologic factors appear responsible for or contribute
to the parenchymal injury in the first three categories, the se-
rologic assessment of patients suspected of having a DAH syn-
drome should become the cornerstone of clinical evaluation. The
crucial serologic tests are for AGBM and ANCA. Before a discus-
sion of the causes of DAH, the roles of AGBM and ANCA
autoantibodies and necrotizing alveolitis, which is responsible for
the alveolar bleeding in many DAH syndromes, are reviewed.

Antiglomerular Basement
Membrane Antibody

The inaugural report on DAH syndrome was Goodpasture’s de-
scription in 1919 of two patients who developed a fatal syndrome
of alveolar hemorrhage and RPGN after the 1918 influenza epi-
demic.'! Forty years later, Stanton and Tange coined the eponym
“Goodpasture syndrome” for this pulmonary and renal syndrome. 2
However, pulmonary and renal disease may be encountered in a
variety of clinical contexts: AGBM disease, systemic vasculitis,
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TABLE 62-1
Diffuse Alveolar Hemorrhage Syndromes
Direct » '
Necrotizing  Erythrocyte  Other Immunofluorescence : Systemic :

Syndrome Alveolitis and Iron Changes  Reaction in Lung Serology  Discasc I'herapy
AGBM-associated Good- ' :

pasture syndrome p ¥ t NS+t Lin IgG AGBM Kidney IS, PE
ANCA-associated

vasculitis ' : 3

Wegener granulomatosis + t GRAN ANCA Systemic

Micro PA + + NS ANCA Systemic IS

Idio CrGN + + NS ANCA Kidney IS
IC-associated DAH | '

SLE/MCTD 1x + NS Gran IgG ANA, C;  Systemic IS

RA + + NS Gran IgG RF Systemic IS

HSP + + NS Gran IgG Skin, gastro IS

intestinal

Cryoglob = o+ NS Cryoglob C, Systemic PE, IS

GNS - + NS Gran IgG Kidney IS
Exogenous agent ar + NS - Variable Remove agent
Idiopathic pulmonary = it NS = - 2

hemosiderosis

*+, indicates presence in some, not necessarily all patients.
1 Nonspecific changes include fibrosis and type 2 pneumaxyte hyperplasia.

AGBM, antiglomerular-associated basement membrane; ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; C,, complement 3, C,, complemens 4, CrGN, orescentx
Glomerulonephritis; Cryoglob, cryoglobulin; DAH, diffuse alveolar hemorrhage; GNS, glomerulonephritis; Gran, granular; HSP, Henoch-Schomlein purpura; IC, smmunocomplex; 1S,
immunosuppressive drugs; Lin, linear; NS, nonspecific changes; PE, plasma exchange; RA, rheumatoid arthritis; RF, rheumatoid factor; SLE/MCTD, systemsc lupus ervihemasosus muced

connective tissue disease.

immune complex diseases, and spurious causes (i.¢., renal and lung
diseases with different causes).'~3!314

During the 1960s, GPS evolved from the nonspecific clinical
syndrome of alveolar hemorrhage and RPGN to a specific immu-
nopathologic entity. In 1964, Scheer and Grossman demonstrated
a linear deposition of IgG along the glomerular capillary loop
basement membranes (Color Fig. 62-14)."° In 1965, Sturgill and
Westervelt demonstrated a similar linear reaction along the alveo-
lar septal basement membranes (Color Fig. 62-1B) by direct im-

TABLE 62-2
Causes of Diffuse Alveolar Hemorrhage Syndromes

Number of Patients

LEATHERMAN  TRAVIS
Cause EI AL BT AL
Goodpasture syndrome 10 4
Wegener granulomatosis 3 11
Systemic vasculitis 6 3
Idiopathic rapidly progressive 5 2

glomerulonephritis*

Connective tissue diseases 1 4
Idiopathic or unclassifiedt
Other 1 1
Total 26 34

* Most are Antinewtrophil cytoplasmic antibody—positive and often classified as microscopic
polyarteritis.

74.1 Tsaid 'J‘[ 1';1 J’ iderosts.

munofluorescence (DIF)." The pathogenicity of the antibody
responsible for these linear reactions was demonstrated in 1967 by
Lerner and colleagues by eluting the antibody from kidneys and
producing discase in monkeys by passive transfer of the anti-
body."” The specific molecular target of the AGBM antibody
resides in the NC1 domain of the a3 chain of type IV collagen."®
This antibody can be measured in serum.

The diagnosis of GPS requires demonstration of the appro-
priate linear DIF reactions in lung or kidney, documentation of the
antibody in serum or preferably both.'®* However, cautious inter-
pretation of AGBM serology is necessary, because AGBM anti-
body is detectable in several clinical contexts other than GPS
(Display 62-1).20-24

Antineutrophil Cytoplasmic Antibody

ANCA comprises a family of autoantibodies having specificity for
several proteases located in the primary granules of neutrophils
and lysosomal granules of monocytes.** ANCA antibodies can
be separated into two broad groups based on their indirect im-

DISPLAY 62-1. CONDITIONS ASSOCIATED
ANTIBODY :
Goodpasture syndrome (i.., pulmonary and re
Associated pulmonary disease (i.e., no kidr
 Antiglomerular basement membrane di
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munofluorescence staining pattern of ethanol-fixed neutrophils:
a cytoplasmic pattern (C-ANCA) and a perinuclear pattern
(P-ANCA; Color Fig. 62-2). Most C-ANCA specificity is directed
against proteinase 3, and most P-ANCA activity is directed against
myeloperoxidase. However, the specificity of 5% of these anti-
bodies has not been determined.”**® Serum from most patients
with active Wegener granulomatosis contains C-ANCA, and se-
rum from patients with microscopic polyarteritis (MPA) and
idiopathic crescentic glomerulonephritis contains P-ANCA. Pa-
tients with any form of vasculitis may have either antibody (Dis-
play 62-2). i

The principal significance of a positive test is that it indicates
an ANCA-associated disease. Its pattern or enzyme specificity
does not form the basis for further subclassification. A positive test
indicates a potentially serious systemic disease or a variant limited
to the kidney (z.¢., idiopathic crescentic glomerulonephritis), cor-
roborates the pathologist’s histologic diagnosis of vasculitis, and
assists in resolving the differential diagnosis of a DAH syndrome
(see Table 62-1). It also provides the clinician with a serologic
marker that can reflect a response to therapy with a declining titer
and predict a clinical relapse with a rising titer. The vasculitides
and their frequency of a positive test are listed in Display 62-2.

Necrotizing Alveolitis

Necrotizing alveolitis (z.e., acute capillaritis, neutrophilic capil-
laritis) is characterized histologically by an intense neutrophil
infiltrate decorating widened and edematous alveolar septa (Fig.
62-14). It is accompanied by fibrin thrombi within alveolar septal
capillaries, erythrocytes and nuclear debris within septal walls, and
copious intraalveolar erythrocytes and fibrin.**” The preferential
location of neutrophils along the septa rather than within alveolar

DISPLAY 62-2. ANTINEUTROPHIL
CYTOPLASMIC ANTIBODY SEROLOGY
IN SYSTEMIC VASCULITIS
ANCA-Positive (%)

Wegener granulomatosis (90%)

Microscopic polyarteritis (90%)

Idiopathic crescentic glomerulonephritis (90%)
Kawasaki disease (90%)

Churg-Strauss syndrome (50%)

Classic polyarteritis nodosa (50%)
Goodpasture syndrome (<50%)

ANCA-negative (0%)
Temporal arteritis
Takayasu arteritis
Schonlein-Henoch purpura
Connective tissue diseases
Cryoglobulinemia

Acute rheumatic fever
Hypersensitivity angiitis

ANCA, antineutrophil cytoplasmic antibody.

spaces differentiates necrotizing alveolitis from the more common
suppurative pneumonias. Although septal necrosis may not be
apparent by hematoxylin and eosin staining, the Jones meth-
enamine silver stain (Fig. 62-1B) graphically reveals multifocal
alteration of septal architecture and disruption of its integrity, permit-
ting brisk capillary bleeding directly into the alveolar spaces.'*
Necrotizing alveolitis is the most frequently identified in-
flammatory lesion responsible for widespread intraalveolar bleed-

FIGURE 62-1. Autopsy lung showed diffuse necrotizing alveolitis in a fulminant case of microscopic polyar-
teritis. (A) Notice the scp'ml (S) neutrophils and edema. (H & E stain; low magnification.) (B) Septal disruption
(arrows) is also revealed. (Jones methenamine silver stain; low magnification.)
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DISPLAY 62-3. DISEASES ASSOCIATED
WITH NECROTIZING ALVEOLITIS

Goodpasture syndrome
Wegener granulomatosis
Microscopic polyarteritis
Connective tissue diseases
Schénlein-Henoch purpura
Cryoglobulinemia
Tatrogenic disorders

Toxic injury

ing in patients with immunopathologic and toxic forms of DAH. nd
Necrotizing alveolitis was originally recognized in the 1930s and
1940s in fatal cases of acute rheumatic fever, systemic hypersen-
sitivity angiitis of an iatrogenic and experimental nature, and in
the original reports of the microscopic form of polyarteritis nodosa
and pulmonary-renal syndromes.”®** One of the patients de-
scribed by Goodpasture in his original 1919 report may have
developed this lesion."' Necrotizing alveolitis has been observed in
a variety of DAH syndromes, and it should elicit the difterential
diagnosis of the disorders listed in Display 62-3.

DIFFUSE ALVEOLAR HEMORRHAGE
SYNDROMES

Goodpasture Syndrome

GPS is a pulmonary renal syndrome that preferentially affects
young males.”***! Two thirds of patients with AGBM have GPS,
one third have only renal disease, and fewer than 2% of patients

£ y 4L ¥

FIGURE 62-2. (A) Autopsy lung from an untreated

alveolitis. (B) No inflammation is seen in a treated patient. (H & E stains:

y ' eyistino |
have only pulmonary discase Some source of preexisting lung
INJUry appears necessary for GPS to develop in the presence of

AGBM antibody.”” The most common i
be tobacco smoke, although

|
viral infections have also
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th respiratory

Most patients present with I swvmptoms and are

then found to have renal discase ['he renal component or
pulmonary component can predominate 1n
involvement of the other organ or betore involvement of the other
correlate with the AGBM

raction of patients also are

a paucnt without

organ. The pattern or severity does n
antibody uter.” A signmificant
positive for ANCA and may have systemic discase consistent with
an

[he }\ufmunu: manifestations  range from

hest x-ray films to cough and

vasculits. ™ ¢
asymptomatic infiltrate scen on ¢
dyspnea w ith blood-tinged sputum to overt hemoptvsis with res-
Similarly, the renal

piratory insufticiency.” discase may range

from mild hematuria and proteinuria with normal renal function
to RPGN with renal failure and ervthrocvte casts in the urine.”*%#

Grossly, the lungs are diffusely hemorrhagic, beety red, and
heavy, often weighing as much as 1 to 2 kg cach. The principal
microscopic finding in the lung 1s DAH. Intact red blood cells fill
alveolar spaces and are accompanied by fibrin and vanable num-
bers of hemosiderin-laden macrophages (Fig. 62-2). The alveolar
septa are widened by edema and hemorrhage, and in the acute
stage, they may show necrotizing alveolitis.* ** This condition may
be accompanied by septal fibrosis or rarely by hy alin membranes.**
DIF examination of the lung reveals a lincar reaction with IgG
along septal and capillary basement membranes (see Color Fig.
62-1B), often accompanied by a similar reaction for comple-
ent 00

Although necrotizing alveolitis has been described in GPS,
particularly in the series of Travis and Lombard, some investiga-

tors have not observed an inflammatory component or observed a

patient with Goodpasture syndrome shows necrotizing

low magnifications.)
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solely mononuclear cell component in serologically confirmed
cases of GPS.*2%3%36 Several factors may contribute to the various
observations described in the literature. The histologic findings
can be influenced by the size of specimen, severity of the process,
and any prior immunosuppressive therapy. Capillaritis may be
seen focally, and blood may spread into alveoli not affected by the
mpmmds.3‘27 A small biopsy specimen, especially if transbron-
chial, may show alveolar hemorrhage without necrotizing alveoli-
tis. The clinical manifestations of alveolar hemorrhage and the
histologic finding of capillaritis subside 1 to 2 weeks after effective
merapy.3’5’3°

The characteristic histologic renal lesion in GPS is a necro-
tizing and crescentic glomerulonephritis (Fig. 62-3). Affected
glomcruli shows lysis of the mesangial matrix and capillary loop
basement membrane, with fibrin deposition and crescent forma-
tion.}**%2%3! The glomerular tuft not involved by the necrosis
appears normal. The necrotizing process varies in the percentage
of glomeruli affected (0%—100%), size of lesion (i.e., segmental
versus global), and stage (z.e., cellular versus organizing crescent).
In most patients, the majority of glomeruli are affected by large
circumferential crescents. However, a patient rarely may have nor-
mal renal function without a necrotizing lesion despite im-
munofluorescent and serologic demonstration of the antibody.”

The diagnostic finding of GPS in the kidney is demonstration
of a linear reaction along the glomerular capillary loop basement
membranes for IgG and occasionally also for C3 (see Color Fig.
62-1A). The linear pattern is delicate and ribbonlike,'3-15:20:3536
A similar finding may involve the Bowman capsule and tubular
basement membranes. Cases of linear IgA and linear  light chain
reactions have also been reported.*** Ultrastructural findings are
nonspecific.”*’ There is the anticipated basement membrane
lysis, fibrin, and cellular response, but the nephrotoxic antibody
and complement do not form a visible deposit as in immune
complex—mediated disease.

Diffuse Alveolar Hemorrhage
in Systemic Vasculitis

DAH occurs principally in two forms of systemic vasculitis,
Wegener granulomatosis and MPA, and in idiopathic (z.¢., pauci-
Immune) crescentic glomerulonephritis.'~**'~** Affected patients
have overlapping clinical features, such as multisystem disease with
a frequent pulmonary-renal presentation. Their renal disease is
histologically identical to GPS, although a medium-sized vessel
arteritis may also occur. The patients have an absence or paucity of
antibody or immune complexes detectable in biopsy material, and
90% of patients have detectable ANCA antibody, usually C-ANCA
in Wegener granulomatosis and P-ANCA in MPA and idiopathic
crescentic glomerulonephritis.** >

Wegener granulomatosis is granulomatous disease with a
vasculitic component that classically produces a triad of upper and
lower respiratory tract and renal disease.** Some clinical variants
have protracted mucocutaneous lesions (eg., pathergic granu-
lomatosis), and there are limited forms confined to the lung,
sinopulmonary tracts, or kidney (.4., ELK variants proposed by
DeRemee) or affecting two or these sites in any combination.***
Mild pulmonary hemorrhage is common in Wegener granuloma-
tosis, but DAH is uncommon, occurring in 5% of patients.*” The
development of DAH produces a fulminant clinical syndrome
with a significant risk of death (see Chap. 68).****

DAH is more common in MPA than in Wegener granu-
lomatosis and may be one of the most common causes of
DAH.*"**"** The term “microscopic polyarteritis” was coined by
Davson and colleagues for a group of autopsied patients in which
systemic necrotizing vasculitis was identified on histologic sections
without the grossly visible aneurysms typical of classic polyarteritis
nodosa.*® Unlike classic polyarteritis nodosa, patients with MPA
typically lack hypertension and commonly have pulmonary in-
volvement.*** The vasculitis affects small to medium-sized ves-

FIGURE 62-3. (A) Kidney specimens from two patients with Goodpasture syndrome showed a circqmtcrcntml
us. (H & E stain; low magniﬁcation.) (B) A segmental crescent with capillary loop
disruption (arrow) 1s also seen. (Periodic acid-Schiff stain; low magnification.)

crescent (arvow) gl()mcrul
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sels without a predilection for vessel branch points. The lesions are
acute and of similar age without the chronic lesions often seen in
classic polyarteritis nodosa. Although any organ may be involved
in MPA, the skin, kidneys, and lungs are most commc nly affected.
Some investigators include patients with idiopathic crescentic glo
merulonephritis (z.e., RPGN due to an immune complex, negative
crescentic glomcrul()ncphritix) within the category MPA as a re
nal-limited form. The fequency of clinical symptoms consistent
with vasculitis such as hemoptysis and a positive result for ANC A
testing validates their position.”"*?

When DAH develops in patients with MPA or Wegener
granulomatosis, necrotizing alveolitis 1s usually the responsible
lesion.®?7*2
phenomena with patients at risk for death (see Fig. 62-1), or

In MPA, necrotizing alveolitis may be a widespread

focal with lesser degrees of pulmonary hemorrhage (Fig. 62-4).
Pulmonary arteritis is not observed. The diagnosis of Wegener
granulomatosis in the context of necrotizing alveolitis with DAH
requires identification of the granulomatous component or vas-
culitis involving larger vessels.*”* These lesions may not be casily
located in fulminant cases of DAH in Wegener granulomatosis,
because giant cells or microscopic necrotic granulomas may occur
focally (Fig. 62-5). They should be identified in the lung or some
other biopsy specimen before rendering a diagnosis of Wegener
granulomatosis.>****

Immune Complex Diseases
Associated With Vasculitis

DAH has been reported as an infrequent complication of a variety
of immune complex-associated diseases.' > These disc srders
are heterogenous and present with systemic multiorgan involve-
ment or predominately with lung and renal disease.

™
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L o AR Do .2 Ve ey :
FIGURE 62-4. Focal necrotizing alveolitis (arrows) was found by an

open lung biopsy in a patient with microscopic polyarteritis. (H & E stain:
low magnification.) :

FIGURE 62-5. An example of Wegener granulomatosis with alveolar
hemorrhage shows a septal necrotizing granuloma. (H & E stain; low
magnification.)

Although the histologic changes encountered in the lung
have not been reported in every case, necrotizing alveolitis, indis-
tinguishable from that encountered in GPS, Wegener granuloma-
tosis, or MPA, has been described (Fig. 62-6). The immune
complexes have been demonstrable by DIF in the lung in catego-
ries composed of IgG-C3 complexes, IgA, or cryoglobulin de-

NAL B

FIGURE 62-6. Alveolar hemorrhage in systemic lupus with a mixed
neutrophilic and lymphocyte alveolitis. (H & E stain: low magnification.)
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FIGURE 62-7. In this example of severe intraalveolar hemorrhage
caused by toxic inhalation of solvents, there is widening of alveolar septa by
edema, mononuclear cells, lymphocytes, and neutrophils; type IT pneumo-
cyte hyperplasia also is evident. (H & E stain; low magnification.)

posits, depending on the underlying disorder.*>>** ° The role of
immune complexes in mediating tissue damage is not clear, be-
cause inflammation is not a uniform feature. The serologic profile
and nature of the systemic involvement must clarify the diagnostic
possibilities. Although the underlying condition may be known
before the onset of alveolar hemorrhage, in some patients, partic-

FIGURE 62-8. (A) Idiopathic pulmonary hemosiderosis shows filling of alveoli by erythrocytes and collections

ularly those with lupus erythematosus, alveolar hemorrhage may
be the initial manifestation of the systemic disease.®”

Diffuse Alveolar Hemorvhage
as a Result of Exogenous Agents

DAH may develop as a rare iatrogenic complication or result from
inhalation of toxic substances.>***’ Identification of toxic causes
may be more difficult, requiring careful attention to occupational
histories and possible illicit drug use.

Biopsies have revealed a necrotizing basis for DAH in some
patients.®>®” Nonspecific changes of acute lymphocytic pneu-
monitis, intraalveolar hemorrhage, and reactive interstitial changes
have been reported for the remainder (Fig. 62-7).

Idiopathic Pulmonary Hemosiderosis

IPH is characterized by recurrent, often severe pulmonary hemor-
rhages, predominantly occurring in young children or adoles-
cents. A similar syndrome occurring in adults is typically
milder."*7*7! Patients present with cough and hemoptysis, alveo-
lar or reticulonodular infiltrates seen on chest x-ray films, and iron-
deficiency anemia, which is often disproportionately severe com-
pared with the magnitude of the hemoptysis. "2 The hemorrhage is
episodic and occasionally life threatening. Familial cases have been
reported, and several other diseases occasionally coexist (e4.,
IgA nephropathy, celiac disease, dermatitis herpctiformis).2 The
histologic picture in the lungs (Fig. 62-8) varies from severe
intraalveolar hemorrhage with intact erythrocytes to dense aggre-
gates of hemosiderin-laden macrophages with mild septal fibro-
sis.”%7* Because IPH is a diagnosis of exclusion, a prerequisite for

of hemosiderin-laden macrophages (arrow). (H & E stain; intermediate magnification.) (B) A later-stage specimen

shows hemosiderin-laden macrophages in the alveolar spac
and hyperplasia of the alveolar lining cells (open arrow). (

¢ (solid arvow). There is already some interstitial fibrosis
H & E stain; high magnification.)
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the diagnosis is the absence of inflammation and necre ysis and no
evidence of systemic discase, iatrogenic cause, infection, or cardio-
vascular disease. Some patients initially diagnosed as having .Il‘l {
were subsequently shown to have Wegener gr.lnulmmtosn‘s or
GPS.757¢ The results of DIF studies must be negative, and circu-
lating autoantibodies (z.e., AGBM, ANCA) must not be detectable
to make this diagnosis.

Although the pathogenesis and cellular basis of the hemor-
rhage in IPH is undefined, it is thought to originate from alveolar
tissue, because autopsies fail to reveal a more proximal bleeding
site in bronchi or trachea.”® Careful ultrastructural studies have not
revealed septal capillary disruptions, although nonspecific changes
in septal capillary basement membranes and iron deposition on
septal elastic fibers support the septal capillary bleeding postulate
{sge Chap. 11).7*"*

Patients with DAH have a serious disorder that may have a
variety of causes. Unfortunately, several relatively common condi-
tions may mimic a DAH syndrome because of the low specificity of
histologic, clinical, and radiologic findings. These disorders in-
clude infection, neoplasms, cardiac disease, pulmonary embolism,
uremia, and disseminated intravascular coagulation. Clinical in-
formation supplemented by selective serologic data is essential for
the diagnosis of these diseases.
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