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Interstitial Lung Disease and Diffuse Alveolar
Hemorrhage, the Two Key Pulmonary
Manifestations in Microscopic Polyangiitis
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Microscopic polyangiitis (MPA) is an antineutrophil cytoplasmic antibody (ANCA)-associated necrotizing vasculitis,
which mainly affects small vessels in various organs, especially the lungs. The two key pulmonary manifestations,
interstitial lung disease (ILD) and diffuse alveolar hemorrhage (DAH), increase the morbidity and death rate of patients
with MPA. ILD is more common in MPA than in other ANCA-associated vasculitis subsets and is primarily associated
with myeloperoxidase-ANCA. Unlike alveolar hemorrhage due to pulmonary capillaritis, ILD can initially manifest as
isolated pulmonary fibrosis. Of note, its most frequent radiographic pattern is the usual interstitial pneumonia pattern,
similar to the characteristic pattern seen in idiopathic pulmonary fibrosis. In this review we present the pathogenesis,
clinical manifestations, and radiographic and histopathologic features of ILD and DAH in MPA. We also briefly
summarize the outcome and therapeutic options for the two conditions.
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Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is a systemic necrotizing vasculitis that
predominantly affects small vessels in the upper and lower
respiratory tract, kidneys, skin, and peripheral nerves. AAV
includes microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA), and eosinophilic granulomatosis with
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polyangiitis (EGPA). Each entity is diagnosed by means of its
clinical phenotype, involved organ systems, biopsy character-
istics, and type of the ANCA.

There are currently no diagnostic tests or reliable biomark-
ers for AAV. In 1990, the American College of Rheumatology
(ACR) developed the classification criteria for vasculitis, in-
cluding GPA and EGPA'. In addition, disease definitions for
vasculitis were established in 1994 by the Chapel Hill Con-
sensus Conference (CHCC) and were updated in 2012* The
CHCC definitions are often used in clinical studies to recruit
patients with AAV. According to the CHCC definition, MPA
presents as a necrotizing vasculitis, with few or no immune
deposits, predominantly affecting small vessels. Necrotizing
glomerulonephritis is commonly seen, and pulmonary capil-
laritis often occurs, but without granulomatous inflammation.
Importantly, the ACR criteria and CHCC definitions are not
used for diagnosis. In clinical practice, the diagnosis of AAV is
based on clinical manifestations, ANCA testing, pathology of
tissue biopsies, and imaging data.

MPA is associated with myeloperoxidase (MPO)-ANCA and
less frequently with proteinase 3 (PR3)-ANCA. Compared
to other types of AAV, patients with MPA are typically older
and have higher death rates, but a lower relapse rate’'. MPA
affects the small vessels in the kidneys, resulting in impaired
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renal function caused by progressive, focal necrotizing glo-
merulonephritis. The lungs are also involved in a substantial
proportion of the patients with MPA, which ranges from 25%
to 55%’. Depending upon the type of AAV, patients with AAV
show specific pulmonary manifestations (Table 1). Although
diffuse alveolar hemorrhage (DAH) is the most frequent and
life-threatening pulmonary complication of MPA’, there has
been an increase in reports on the incidence of interstitial lung
disease (ILD) in MPA™. In some cases, ILD may lead to signif-
icant morbidity and death rates in patients with MPA, yet it is
unknown whether the development of lung fibrosis is directly
related to vasculitis”". In this review we present information
for a better understanding of the two significant pulmonary
manifestations of MPA, focusing on the clinical characteristics,
radiographic findings, and pathogenic mechanisms of ILD in
MPA.

Interstitial Lung Disease

1. Epidemiology and clinical manifestations

ILD with AAV is usually reported in patients older than
65 years, with a higher incidence in males (60%-65%)"". It
is mostly observed in MPA (7% to 43% of patients), but on
rare occasions, it is also seen in other types of AAV (23% in
GPA, very rare in EGPA)™. In ANCA serology, ILD is primar-
ily associated with MPO-ANCA (46%-71%), whereas some
cases (0%-29%) are positive for PR3-ANCA™", In contrast,
other pulmonary manifestations of AAV, such as nodules or
pulmonary infiltrates, are equally associated with both MPO-

Table 1. Airway and pulmonary manifestations in ANCA-associated vasculitis

and PR3-ANCA". The prevalence of ILD in AAV is higher in
the Japanese population than in Caucasians' because of the
higher prevalence of MPA and MPO-ANCA in Japan, and the
possible genetic predisposition of the Japanese to ILD". How-
ever, the prevalence of ILD in patients with MPA appears to be
similar worldwide. Previous studies also identified pulmonary
manifestations in patients with MPA in Korea. A single-center
cohort study found that 20.4% of patients with AAV had ILD at
diagnosis'. Ahn etal."" reported that ILD was present in 23.6%
of Korean patients with MPA, with usual interstitial pneumo-
nia (UIP) being the most frequent (84.6%) feature.

The main symptoms of ILD in MPA are usually nonspecific
and include progressive dyspnea on exertion and/or non-
productive cough, similar to those of idiopathic pulmonary
fibrosis (IPF). Pulmonary symptoms can be masked by the
robust constitutional and extra-pulmonary manifestations of
vasculitis, which include fever, weight loss, arthralgia/myalgia,
skin rash, or paresthesia’. Interestingly, MPA patients with ILD
have less vasculitis activity, lower erythrocyte sedimentation
rate, and less frequent DAH, peripheral neuropathy, and glo-
merulonephritis than do those without ILD"*.

2. ANCA-positive idiopathic interstitial pneumonia

ILD occurs in most patients with AAV at the same time
(36%-67%) as or before the onset of vasculitis (14%-85%)". It
is not common for the onset of AAV to precede the diagnosis
of ILD (8%-21%). In particular, ILD can initially manifest as
ANCA-positive idiopathic interstitial pneumonia (IIP), and
overt vasculitis can develop months to years later''. The preva-
lence of MPO-ANCA in patients with IIP ranges from 4% to

11,19-22

Microscopic polyangiitis Granulomatosis with Eosinophilic granulomatosis
(%) polyangiitis (%) with polyangiitis (%)

Upper airway manifestations

Sinusitis Rare 61 14-73

Nasal mucosa ulcers/bleeding Rare Upto70 Rare

Saddle nose Rare 20-50 Rare
Lower airway manifestations

Asthma 5 8 95-100

Tracheal stricture and stenosis Rare 15 Rare

Bronchiectasis 16-32 13-20 15-20
Pulmonary manifestations

Lung nodules 7-30 30-89 11-89

Diffuse alveolar hemorrhage 10-55 5-30 3-8

Lung fibrosis/interstitial lung disease 32-45 23 Rare
Pleural manifestations

Pleural effusion 22-27 12-20 12-22
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35%, whereas PR3-ANCA is rare (2%-4%)". Patients with AN-
CA-positive IIP usually present with symptoms of shortness
of breath or cough, whereas hemoptysis and constitutional
symptoms are less frequent. The risk of developing vasculitis,
mainly MPA, is mostly limited to subjects with MPO-ANCA,
and 7% to 40% of the patients with IIP plus MPO-ANCA are
diagnosed with MPA during follow-up. Previous studies sug-
gested that IIP patients with more eosinophils in bronchoal-
veolar lavage (BAL) fluid, higher ANCA titers, and more low-
attenuation areas in the chest in computed tomography (CT)
had an increased risk of developing MPA”. In addition, the
presence of rheumatoid factor could be a predictor of the fu-
ture development of MPA*"

3. Pathogenesis

Several pathogenic mechanisms may contribute to the
development of ILD in MPA. First, pulmonary fibrosis may
result from repeated episodes of alveolar hemorrhage caused
by capillaritis, and there is evidence that cell-free hemoglo-
bin induces alveolar epithelial injury mediated by the redox
transition of hemoglobin to higher oxidation states™. Previous
studies have reported the histological evidence of acute or
chronic alveolar hemorrhage in lung specimens and of in-
creased hemosiderin-laden macrophages in the BAL fluid of
AAV patients before they present with overt DAH**.

It has also been suggested that MPO-ANCA may play a piv-
otal role in the pathogenesis of pulmonary fibrosis, consider-
ing the predominance of MPO-ANCA in this group of patients.
By activating MPO, oxidative stress and hypochlorous acid
could also trigger fibroblast activation and subsequent lung
fibrosis in MPA in vitro®. In addition, MPO-ANCA activates
neutrophils and may directly contribute to lung-tissue dam-
age by the proteolytic enzymes released from ANCA-activated
neutrophils®. A previous study showed that neutrophil elas-
tase, one of the proteolytic enzymes, could induce pulmonary
fibrosis in experimental animal models™. There is also an in-
creased proportion of neutrophils in the BAL fluid as well as in
the lung tissue of AAV-ILD patients’'. Thus, repeated episodes
of inflammatory alveolar injury can lead to a reactive fibrotic
state.

Tissue damage induced by eosinophils and neutrophil ex-
tracellular traps (NETs) could also play a role in the develop-
ment of ILD"'. Extensive tissue eosinophilia has been reported
in AAV patients with marked interstitial fibrosis®. Moreover,
BAL eosinophilia has been suggested as a marker of progres-
sive pulmonary fibrosis™. NETS retain MPO or PR3, thus help
break immune tolerance, and induce autoantibody formation.
The induction of NETs by activated neutrophils correlates
with MPO-ANCA affinity in MPA patients™. Other factors that
are related to the development of ILD in MPA include smok-
ing and chronic lung parenchyma ischemia'".

Finally, the association of MUC5B promoter polymorphism
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with ILD in AAV] especially in patients with MPO-ANCA, was
reported in Japan™. A single nucleotide polymorphism in the
promoter region of MUC5B (rs35705950 (G/T)) encoding
mucin 5B had been considered to be a strong genetic factor in
the pathogenesis of IPE The risk allele (T) is associated with
the overexpression of mucin 5B in the lung, which results in
pulmonary fibrosis”. Like IPE rs35705950T was associated
with ILD in MPO-ANCA-positive AAV patients. This associa-
tion was even greater when confined to AAV patients with the
UIP pattern. Indeed, most ILD patients with MPA exhibit the
UIP pattern as seen in patients with IPF and rheumatoid ar-
thritis.

4. Pulmonary function tests

In most patients with MPA and ILD, lung volumes are re-
duced in a restrictive pattern. This appears in pulmonary func-
tion tests as a reduction in total lung capacity (TLC), forced
vital capacity, and diffusing capacity of the lungs for carbon
monoxide (DLCO)**. In a study of AAV patients with ILD, the
mean TLC was 77%, and mean DLCO 56%, of that predicted”.
Comarmond et al.” found that TLC and DLCO at diagnosis
were more severely reduced in patients with AAV and pulmo-
nary fibrosis who died at the end of follow-up. Interestingly,
one third of MPA patients with ILD had a co-existing airflow
obstruction’.

5.Imaging

The high-resolution computed tomography findings of ILD
in MPA patients include ground-glass opacities (23%-94%),
reticular opacities (41%-77%), interlobular septal thickening
(41%-71%), consolidations (23%-78%), and honeycombing
(23%-52%)"*. Airway abnormalities also have been reported
in 32%-55% of the patients in the form of bronchiolitis, bron-
chial wall thickening, and bronchiectasis'*. Lung involve-
ment is usually symmetrical (50%-100%) and mainly affects
the periphery and lower lobes of the lungs. The American
Thoracic Society/European Respiratory Society International
Multidisciplinary Classification of the Idiopathic Interstitial
Pneumonias™" shows that the most common radiologic pat-
tern was UIP (50%-57%) (Figure 1), followed by nonspecific
interstitial pneumonia (7%-31%) (Figure 2) and desquama-
tive interstitial pneumonia (14%)""'. Combined pulmonary
fibrosis and emphysema has been reported in MPA patients
and those who are MPO-ANCA-positive’*"*. Finally, 4%-40%
of the studied cases did not fit any specific CT pattern, because
of the coexistence of different patterns in the same patient'".

6. Histopathology

The typical histopathologic findings of ILD in MPA include
fibrosis of the alveolar walls and interstitium and honeycomb-
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Figure 1. High-resolution computed tomography of usual inter-
stitial pneumonia in a patient with microscopic polyangiitis. Mid-
(A) and lower (B) lung areas show peripheral reticulation, traction
bronchiectasis, and honeycombing predominantly in the subpleu-
ral regions.

ing'"". The UIP pattern (patchy dense fibrosis with honeycomb
changes, and actively fibrogenic fibroblastic foci) is the most
predominant histopathologic pattern***!. Prominent inter-
stitial inflammation, the presence of lymphoid follicles, and
small-airway involvement were more frequent in MPO-ANCA-
positive UIP than in idiopathic UTP"'. Of note, the presence of
active capillaritis or vasculitis has been rarely reported in ILD
specimens with MPA™.

7. Treatment

Treatment for AAV should follow the international guide-
lines for vasculitis®. Although the treatment options of AAV
are well-established, there is currently no specific recommen-
dation for the treatment of ILD in AAV. In MPA patients with
ILD, induction therapy usually includes systemic glucocorti-
coids (88%-100%) in combination with cyclophosphamide
(16%-92%) or rituximab (10%)“*"". Azathioprine or mycophe-
nolate mofetil are used as maintenance therapy for vasculitis.
However, neither induction nor maintenance therapy has led
to a full recovery of pulmonary function in most MPA patients
with ILD".

Some studies have suggested that immunosuppressive
therapy may be more effective in ANCA-positive ILD patients
without vasculitis than in ANCA-negative patients™"***, An-
other study reported that a decline in pulmonary function
and/or the progression of ILD prevailed despite immunosup-
pressive therapy’. Thus, general measures, such as supple-
mental oxygen, pulmonary rehabilitation, and proper vacci-
nations, are as important in patients with ANCA-positive ILD
as in IPF management''. The radiographic findings of inflam-
matory changes, such as ground-glass opacity, tend to resolve
completely after immunosuppressive treatment, whereas the
chronic forms of lung fibrosis (i.e., honeycombing) usually
remain unchanged. Immunosuppressive therapy also does
not seem to reduce the risk of the subsequent development of
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Figure 2. Axial (A) and coronal (B) high-resolution computed to-
mography scans in a patient with MPO-ANCA-positive nonspecific
interstitial pneumonia. Radiographic findings show widespread
diffuse patchy ground-glass opacities, reticular opacities, and trac-
tion bronchiectasis in both lungs. MPO: myeloperoxidase; ANCA:
antineutrophil cytoplasmic antibody.

vasculitis.

Antifibrotic therapy (pirfenidone and nintedanib) could
be considered for patients with ANCA-positive IPF according
to the local and international treatment guidelines for IPF*.
Furthermore, given both the fibrotic and the inflammatory
aspects of AAV-ILD, the combination of immunosuppressive
and antifibrotic therapy might be an opportunity for future
therapeutic approaches. A clinical trial (NCT03385668) is cur-
rently ongoing to evaluate the efficacy and safety of the antifi-
brotic drug pirfenidone in patients with MPO-ANCA-positive
pulmonary fibrosis with or without AAV.

8. Prognosis

ILD usually has a poor prognosis in MPA patients, because
ILD frequently results in reduced lung function and chronic
hypoxia. In previous studies, the death rate was 2 to 4 times
higher in MPA patients with ILD than in those without ILD™"*.
A previous study showed that one third of the MPA patients
with ILD developed chronic respiratory insufficiency that re-
quired long-term oxygen therapy, and 31%-85% of the study
patients died during the follow-up’. In other investigations, the
5-year survival was only 19%-30%""*. The primary cause of
death included the acute exacerbation of pulmonary fibrosis,
sepsis, and progressive lung involvement, leading to end-stage
respiratory failure'*"",

The prognosis of ANCA-positive ILD patients without AAV
is controversial. In patients with ILD and no systemic vascu-
litis, ANCA-positive and ANCA-negative patients had similar
survival rates'"". In contrast, in a large cohort of 504 patients
with isolated pulmonary fibrosis, the 5- and 10-year death
rates were significantly lower in ANCA-positive patients™’.
PR3-ANCA, age >65 years, a baseline DLCO of <70%, and
a high titer of ANCA were associated with the death rate in
ANCA-positive ILD**,

Tuberc Respir Dis 2021;84:255-262 www.e-trd.org
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Diffuse Alveolar Hemorrhage

DAH is defined as the accumulation of red blood cells with-
in the alveolar space, derived from the alveolar capillaries or
venules because of a disrupted alveolar-capillary interface’.
Itis estimated to occur in 10% to 47% of the patients with AAV
and may be the initial presentation of AAV®'. The mean age at
presentation was 57 years, with a similar gender prevalence.
The most common clinical diagnosis accompanying DAH
was MPA (52%), followed by GPA (41%), although the PR3-
ANCA positivity in this study was 57%.

DAH is rarely asymptomatic in MPA. Most patients present
with the rapid onset of dyspnea, overt hemoptysis, anemia, or
progressive respiratory failure. It is associated with active rapid
crescentic glomerulonephritis, which causes renal insufficien-
cy, leading to pulmonary-renal syndrome™*'. Nonetheless, it
may follow a more indolent course with recurrent hemopty-
sis. The symptoms can precede the diagnosis of DAH by more
than a year in 25% of the cases™. DAH should be suspected in
patients with respiratory symptoms, a falling hematocrit, ra-
diographic abnormalities, including diffuse lung infiltrates and
ground-glass opacities, and an elevated diffusing capacity.

1. Pathogenesis

DAH in AAV is a manifestation of immune-mediated pul-
monary capillaritis. The activated neutrophils in the alveolar
capillaries infiltrate the interstittum and undergo leukocytocla-
sis. With the accumulation of nuclear debris within the inter-
stitium, the integrity of the alveolar capillary basement mem-
branes is compromised. Some evidence suggests that ANCA
plays a major part in the pathogenesis of DAH, but its exact
role remains unknown. In an experimental murine model, the
splenocytes of MPO-knockout mice immunized with MPO
were injected into mice who lacked functioning B and T cells
and who developed severe necrotizing glomerulonephritis
and pulmonary capillaritis, which was augmented by the si-
multaneous injection of lipopolysaccharide. Furthermore, the
alternative complement pathway has been demonstrated to
be essential in developing the lesions. C5a is a powerful neu-
trophil chemoattractant and amplifies necrotizing inflamma-
tion of the vessel walls. Mice deficient in factor B or C5 of the
complement system did not develop lesions™. However, this
mechanism is yet unproven in humans.

2.Imaging

The common CT features of DAH are bilateral ground-glass
opacity and alveolar consolidation with air bronchogram, but
these are generally nonspecific’”. The CT features are charac-
teristically seen as patchy or diffuse, and are predominantly
present in the upper and middle zones in two thirds of the

cases. They are limited to the lower zones in a fourth of the
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cases”. The periphery of the lung is typically spared because
of tapering of the pulmonary vasculature. With resorption of
the hemorrhage, ill-defined centrilobular nodules may be-
come visible because of the resolution of ground-glass opaci-
ties, and septal thickening may become visible™".

3. Bronchoscopy and BAL

Bronchoscopy helps to visualize fresh blood, and BAL fluid
examination aids in the diagnosis of DAH by assessing its na-
ture and identifying greater than 5% hemosiderin-laden mac-
rophages [(hemosiderin-laden macrophages/total cells)x100]
in the BAL fluid by Prussian blue staining. In addition, sequen-
tial progressive hemorrhagic BAL samples are indicative of
DAH®. However, BAL fluid examination may show false nega-
tive results. Nevertheless, BAL helps to rule out other diagno-
ses, such as infection, and therefore is an important adjunct
for the diagnosis of DAH.

4. Histopathology

Even though a lung biopsy is rarely performed™, the pul-
monary histopathologic findings of DAH in AAV show necro-
tizing vasculitis of the small arteries, venules, and capillaries
along with hemorrhage and scattered neutrophilic capillaritis.
Capillaritis is identified by the thickening of the alveolar walls,
which contain many neutrophils and nuclear dust. Immune
deposits are absent in AAV, which differs from pulmonary
capillaritis caused by systemic lupus erythematosus or anti-
glomerular basement membrane antibody disease. Of note,
hemosiderin-laden macrophages appear in alveoli approxi-
mately 48 hours after the onset of a hemorrhage™.

5. Treatment

DAH in AAV requires pulses of intravenous glucocorticoids
and cyclophosphamide. Rituximab is another option; its effica-
cy was as good as that of intravenous cyclophosphamide. The
RAVE trial demonstrated similar remission rates at six months
between the two groups®'. Given previous small observational
studies of AAV and anti-glomerular basement membrane an-
tibody disease™®, plasma exchange can be considered for the
treatment of DAH in patients with AAV, yet its protocol and
outcome remain controversial . In the Plasma Exchange and
Glucocorticoids for Treatment of ANCA-Associated Vasculitis
(PEXIVAS) trial, where 191 among 704 patients with severe
AAV were those with pulmonary hemorrhage, the addition
of plasma exchange to immunosuppressive therapy did not
reduce the incidence of death or end-stage kidney disease.
These results were not different in the subgroup analysis
according to the severity of pulmonary hemorrhage®’. One
meta-analysis also showed that plasma exchange was not as-
sociated with a lower death rate in patients with AAV*.
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6. Prognosis

DAH in AAV had an 8.6-fold increased relative risk of death™.
However, Kostianovsky et al.” reported that DAH alone was
not responsible for the increased death rate. They found that
renal impairment associated with DAH was a predictor of
late morbidity and death™. The incidence of recurrent DAH is
relatively low, ranging from 10 to 31%®. Further studies are
needed to distinguish the clinical features and outcomes of
DAH in specific ANCA and AAV subsets®".

Conclusion

Although MPA is well-known for its clinical manifestation of
necrotizing glomerulonephritis and DAH, ILD is now consid-
ered to be a common and serious pulmonary complication of
MPA, especially in patients with MPO-ANCA. ILD can initially
present as isolated pulmonary fibrosis preceding the diagno-
sis of MPA. ANCA should be tested for in all patients with iso-
lated pulmonary fibrosis at diagnosis and during the course of
the disease, because ANCA may have a significant prognostic
effect on both survival and the risk of developing AAV, espe-
cially MPA. The pathogenic role of ANCA in the development
of ILD and its association with histological phenotypes need
further investigation. MPA patients with ILD, more than those
without ILD, need special care when administered immuno-
suppressive therapy because of the higher risk of infection,
such as pneumonia. Last, the optimal treatment strategies and
key prognostic factors for ILD in MPA are yet to be established.
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