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Abstract

Objectives. This study describes the spectrum and initial impact of pulmonary manifestations in the primary sys-
temic vasculitides.

Methods. Description and comparison of pulmonary manifestations in adults with Takayasu’s arteritis (TAK), GCA,
granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), eosinophilic GPA (EGPA), polyarteritis nodosa
(PAN) and IgA vasculitis (IgAV), using data collected within the Diagnostic and Classification Criteria in Vasculitis study.
Results. Data from 1952 patients with primary vasculitides were included: 170 TAK, 657 GCA, 555 GPA, 223
MPA, 146 EGPA, 153 IgAV and 48 PAN. Pulmonary manifestations were observed in patients with TAK (21.8%),
GCA (15.8%), GPA (64.5%), MPA (65.9%), EGPA (89.0%), PAN (27.1%) and IgAV (5.9%). Dyspnoea occurred in
patients with TAK (14.7%), GCA (7.8%), GPA (41.8%), MPA (43.5%), EGPA (65.8%), PAN (18.8%) and IgAV (2.6%).
Cough was reported in TAK (7.6%), GCA (9.3%), GPA (34.8%), MPA (37.7%), EGPA (55.5%), PAN (16.7%) and
IgAV (3.3%). Haemoptysis occurred mainly in patients with ANCA-associated vasculitis (AAV). Fibrosis on imaging
at diagnosis was documented in GPA (1.9%), MPA (24.9%) and EGPA (6.3%). Only patients with AAV (GPA 2.7%,
MPA 2.7% and EGPA 3.4%) required mechanical ventilation. At 6 months, the presence of at least one pulmonary
item in the Vasculitis Damage Index was observed in TAK (4.1%), GCA (3.3%), GPA (15.4%), MPA (28.7%), EGPA
(52.7%), PAN (6.2%) and IgAV (1.3%).

Conclusion. Pulmonary manifestations can occur in all primary systemic vasculitides, but are more frequent and
more often associated with permanent damage in AAV.
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Rheumatology key messages

e Pulmonary involvement may occur in all primary systemic vasculitides.
o Pulmonary manifestations vary and may be useful to differentiate between different AAV.
o Pulmonary manifestations are more frequent and more often associated with permanent damage in AAV.
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Introduction

Pulmonary involvement in primary systemic vasculitides
varies in its clinical presentation and frequency, depend-
ing on the type of vasculitis [1-3]. Because of the low
prevalence of primary vasculitides, most information
regarding pulmonary involvement comes from case
reports or relatively small series.

Pulmonary manifestations have mainly been described
in ANCA-associated vasculitides [AAV; granulomatosis
with polyangiitis (GPA), microscopic polyangiitis (MPA)
and eosinophilic GPA (EGPA)]. Alveolar haemorrhage is
frequent and can be seen in all AAV, although mostly in
MPA. Patients with GPA can have pulmonary nodules,
cavitating lesions, alveolar haemorrhage, endobronchial
lesions or subglottic stenosis [4, 5]. Interstitial lung dis-
ease and pulmonary fibrosis is less frequent and mostly
seen in MPA [6]. Adult-onset relapsing and/or refractory
asthma is a hallmark of EGPA, but lung opacities with
eosinophilia, nodules and alveolar haemorrhage have
also been reported [7, 8].

Other small-, medium- and large-vessel vasculitides
(LVVs) can also affect the lungs, pulmonary arteries and/
or respiratory tract [3]. Takayasu’s arteritis (TAK) is a
large-vessel vasculitis affecting the aorta and its
branches, and pulmonary artery involvement has been
reported with various frequencies [9-11]. GCA predom-
inantly affects elderly patients. Although incompletely
understood, it is estimated that up to 10% of patients
with GCA will have respiratory symptoms such as
cough, sore throat, and/or hoarseness [12, 13].
Polyarteritis nodosa (PAN) does not typically involve the
lungs. There have been a few reports describing the
presence of diffuse alveolar haemorrhage in PAN, which
was more likely among patients who would now be
classified as having a diagnosis of MPA [14-17]. IgA
vasculitis (IgAV) is a small-vessel vasculitis most often
affecting young patients, in which diffuse alveolar haem-
orrhage has been occasionally reported [18-20].

The objective of this study was to describe pulmonary
involvement at diagnosis across multiple vasculitides,
analyse its severity and its short-term prognostic value,
using a recent, large international database of patients
with primary vasculitis.

Methods
Study design and population

The Diagnostic and Classification Criteria in Vasculitis
Study (DCVAS), initiated in 2010, is a large international
cohort of well-characterized patients with different vas-
culitides. The purpose of DCVAS was to develop and
validate diagnostic and classification criteria for system-
ic vasculitis for use in daily clinical practice and in clinic-
al trials. A detailed description of the DCVAS study has
been previously published [21].

The present study analysed data from patients
enrolled in DCVAS between 2010 and 2016 with a
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definitive diagnosis of TAK, GCA, GPA, MPA, EGPA,
PAN or IgAV. Patients were enrolled within the first
24 months after diagnosis of vasculitis was made, with
data entered referent to the time of diagnosis and
6months later. To improve feasibility of recruitment, an
exception was made for patients with TAK and PAN by
allowing recruitment within 5 years of diagnosis. The
final diagnosis and confidence in the diagnosis were
determined at the time of inclusion and month 6 by the
investigator. Only patients with the seven types of vas-
culitis outlined above and for whom the investigator was
very certain of the diagnosis by month 6 were included
in this analysis.

Clinical data elements

Data from the time of diagnosis were analysed for the
patients’ demographics, comorbidities, clinical manifes-
tations and, when performed, results of pulmonary func-
tion tests [normal, restrictive or obstructive patterns, low
diffusing capacity for carbon monoxide (DLCO)], lung
imaging (chest radiograph, CT-scan or PET-CT study),
bronchoscopy and lung biopsy. Laboratory test results
included complete blood cell count, serum creatinine
level and serum autoantibodies [ANCA, anti-glomerular
basement membrane (anti-GBM), RF, anti-CCP antibod-
ies and ANAs].

Data from the 6-month follow-up visits were also ana-
lysed including the Vasculitis Damage Index (VDI) total
score and its seven individual items for lung damage
(pulmonary hypertension; fibrosis; infarction; pleural fi-
brosis; chronic asthma; chronic breathlessness and
impaired lung function), mortality and cause of death.

Statistical analysis

Chi-square test (or Fisher’s exact test when appropriate)
and Student’s t-test were used to compare the qualita-
tive and quantitative characteristics, respectively, among
the seven studied primary vasculitides.

Ethics and approval committee

DCVAS was approved by institutional review boards at
each participating institution. Written documentation of
informed consent was obtained for each participant.
Study procedures followed were in accordance with the
1983 revised Declaration of Helsinki. A specific research
proposal for the use of DCVAS data for the present
study was submitted and approved by the DCVAS
Study Steering Committee.

Results

A total of 1952 patients with primary vasculitides were
included in this analysis, including 170 patients with
TAK, 657 with GCA, 555 with GPA, 223 with MPA, 146
with EGPA, 153 with IgAV and 48 with PAN. Their main
disease and demographic characteristics are listed in
Table 1.
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TasLe 2 Pulmonary manifestations in patients with different forms of vasculitis

TAK GCA
Clinical features, patients (%)
Any respiratory symptom 37 (21.8) 104 (15.8)
Dyspnoea 25(14.7) 51(7.8)
Any cough 13 (7.6) 61 (9.3
Dry cough 11 (6.5) 54 (8.2)
Productive cough 2(1.2) 711
Haemoptysis 3(1.8)2 2 (0.3
Pleuritic chest pain 3(1.8) 6(0.9)
Chest wall tenderness 1(0.6) 1(0.2)
Crackles on auscultation 2(1.2) 10 (1.5)°
Wheezing on auscultation 2(1.2) 7(1.1)
Oxygen administered 2(1.2) 1(0.2)
Mechanical ventilation 0 0
Imaging findings, patients (%)
Pulmonary imaging available 73 (42.9) 380 (57.8)
Normal imaging 64 (87.7) 309 (81.3)
Inflammation 2(2.8) 12 (5.0
Haemorrhage 0 0
Nodules 2(2.8) 13 (3.4)
Mass 0 1
Abscess 0 0
Consolidation 1(1.4) 1
Fibrosis 0 6(1.6)
Effusion 0 9(2.3)

GPA MPA EGPA PAN IgAV
358 (64.5)  147(65.9) 130(89.0) 13(27.1)  9(5.9)
232(41.8) 97 (43.5) 96 65.8)  9(18.8) 4(2.6)
193(34.8) 84(37.7)  81(555)  8(16.7) 5(3.3)
133(24.0) 48(21.5)  50(34.2)  5(10.4) 4(2.6)
60 (10.8) 36(16.1)  31(21.2) 3(6.3) 1(0.7)
148(26.7)  52(23.3) 12(8.2) 2(4.2) 0
43(7.7) 13 (5.8) 7(4.8) 2(4.2) 0
10 (1.8) 1(0.4) 3(2.1) 0 0
89 (16.0) 69(30.9)  21(14.4) 3(6.9) 1(0.7)
24 (4.3) 13 (5.8) 79 (54.1) 0 2(1.3)
44(7.9) 32 (14.3) 14 (9.6) 3(6.3) 1(0.7)
15 (2.7) 6(2.7) 5(3.4) 0 0
476(85.8) 197 (88.3) 127(87.0) 28(58.3) 82 (53.6)
197 (41.4)  54(27.4)  38(30.0) 18(64.3) 73(89.0)
65 (13.7) 46(23.4)  39(30.7) 0 1(1.2)
30 (6.3) 19 (9.6) 1(0.8) 1(3.6) 0
119(25.0° 23(11.7)  17(13.4) 0 1(1.2)
47 (9.9) 0 0 0 0
8(1.7) 0 0 0 1(1.2)
76 (16.0) 40(20.3)  33(26.00 5(17.9) 3(3.7)
9(1.9) 49 (24.9) 8(6.9) 0 1(1.2)
37 (7.8) 27(137)  13(102)  3(10.7) 1(1.2)

8n the 3 patients with TAK and 2 patients with GCA with haemoptysis, a previous history of COPD, smoking, congestive
heart failure or productive cough was documented. °Ten patients with GCA had crackles on lung auscultation, with 7 of
them being current or previous smokers, 2 having chronic obstructive pulmonary disease (COPD) and 3 having a positive
test for pANCA. Out of these 10 patients, 7 had normal lung imaging, while 3 patients had fibrosis or atelectasis. “Clinical
haemoptysis was reported by 36% of patients with GPA and pulmonary nodules. TAK: Takayasu’s arteritis; GPA: granulo-
matosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: eosinophilic GPA; PAN: polyarteritis nodosa; IgAV: IgA

vasculitis.

Respiratory symptoms

The frequencies of respiratory symptoms are presented
in Table 2. Patients with AAV had more respiratory
symptoms than patients with other vasculitides, with a
frequency of 64.5, 65.9 and 89.0% for GPA, MPA and
EGPA, respectively. Dyspnoea and cough were the
most common respiratory symptoms. Wheezing was
mostly reported in patients with EGPA.

Haemoptysis was reported in 26.7, 23.3 and 8.2% of
patients with GPA, MPA and EGPA, respectively. The
need for mechanical ventilation was only reported in
patients with AAV, with a frequency of 2.7% for GPA,
2.7% for MPA and 3.4% for EGPA (all these patients
were still alive at month 6).

Lung imaging

Lung imaging (Table 2) was mostly performed and/or
reported in patients with AAV: GPA (85.8%), MPA
(88.3%) and EGPA (87.0%). Only 42.9, 57.8, 58.3 and
53.6% of patients with TAK, GCA, PAN and IgAV had
documented lung imaging, respectively.

Lung imaging was normal in most patients with IgAV
(89.0%) and PAN (64.3%), but only in 41.4% of patients
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with GPA, 27.4% in those with MPA and 30.0% in those
with EGPA. Nodules were reported in 25.0, 11.7 and
13.4% of patients with GPA, MPA and EGPA who
underwent lung imaging studies, respectively. Lung
masses and/or cavitating lesions were exclusively docu-
mented in patients with GPA (11.8%). Pulmonary fibrosis
on imaging at diagnosis was documented in 1.9, 24.9
and 6.3% of patients with GPA, MPA and EGPA,
respectively.

Imaging of pulmonary arteries was rarely documented
in patients with LVV. Two patients with GCA had avail-
able pulmonary vascular imaging: one was normal and
the other showed an aneurysm of the right pulmonary
artery. Out of the 11 patients with TAK and available
pulmonary artery imaging results, 4 were normal, 6
showed arterial wall thickening (4 bilateral, 2 on the left
side only) and 1 had an increased FDG uptake of pul-
monary arteries seen on PET.

Other respiratory investigations

As shown in Table 3, PFTs were mostly performed in
patients with GPA (30.4%), MPA (20.6%) and EGPA
(59.6%). A restrictive pattern was observed in 16.6, 28.3

https://academic.oup.com/rheumatology
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TasLe 3 Results of pulmonary function tests, bronchoscopy and lung biopsy in patients with ANCA-associated vasculitis

GPA
Pulmonary function tests, patients (%)
PFT available 169 (30.4)
Normal PFT 86 (50.9)
Restrictive pattern 28 (16.6)
Obstructive pattern 31(18.3)
Low DLCO 27 (16.0)
Bronchoscopy findings, patients (%)
Bronchoscopy available 144 (26.0)
Normal 36 (25.0)
Mass 6(4.2)
Bronchial changes 59 (40.9)
Alveolar haemorrhage 61 (42.4)
Lung biopsy results, patients (%)
Lung biopsy available 104 (18.9)
Normal 4(3.8)
Non-diagnostic 12 (11.5)
Vasculitis 63 (60.6)
Inflammation 25 (24.0)
Fibrosis 3(2.9

MPA EGPA
46 (20.6) 87 (59.6
16 (34.8) 19(21.8
13 (28.3) 4 (4.6)
9(19.8) 61(70.1)
21 (45.7) 8(9.2)
34 (15.2) 31(21.2)
9 (26.5) 9 (29.0)
0 0
6(17.6) 13 (41.9)
22 (64.7) 3(9.7)
6(2.7) 19 (13.0)
0 1(5.3)
2(33.3) 7(36.8)
0 12 (63.2)
3(50.0) 3(15.8)
1(16.7) 0

GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: eosinophilic GPA; PFT: pulmonary function

tests; DLCO: diffusion capacity for carbon monoxide.

and 4.6%, respectively, and an obstructive pattern in
18.3, 19.6 and 70.1%. A low DLCO was mostly
observed in patients with MPA (45.7%), compared with
16.0% and 9.2% of patients with GPA or EGPA.

Bronchoscopy was performed in patients with GPA
(26.0%), MPA (15.2%), EGPA (21.2%), PAN (6.4%)
and IgAV (1.3%); none with GCA or TAK. In patients
with AAV, 75% of the bronchoscopies were abnormal;
blood was found in 42.4, 64.7 and 9.7% of patients
with GPA, MPA and EGPA. Airway stenosis, including
subglottic stenosis, tracheal and/or bronchial stenosis,
was found in 16 (11.1%) patients with GPA who
underwent bronchoscopy, but in none with MPA or
EGPA.

Lung biopsies were performed in 104 (18.9%), 6
(2.7%) and 19 (13.0%) patients with GPA, MPA and
EGPA. Vasculitis was found on biopsy in 63 (60.6%)
patients with GPA, 12 (63.2%) patients with EGPA and
in no patient with MPA. Non-specific inflammation was
present in 25 (24.0%) of patients with GPA, 3 (50.0%)
patients with MPA and 3 (15.8%) patients with EGPA.
Fibrosis was found on biopsy in only 3 (2.9%) patients
with GPA, 1 (16.6%) with MPA and none with EGPA.
Biopsies were non-diagnostic in 12 (11.5%), 2 (33.3%)
and 7 (36.8%) patients, respectively.

Vasculitis Damage Index

Lung damage at 6 months post-diagnosis was more fre-
quent in patients with AAV; at least one pulmonary-VDI
item was present in 15.4, 28.7 and 52.7% of patients
with GPA, MPA and EGPA, respectively. The frequency
of each pulmonary VDI item is detailed in Table 4. In
patients with AAV with at least one item of lung damage,
pulmonary fibrosis was present in 22.3, 62.5 and 2.6%

https://academic.oup.com/rheumatology

of those with GPA, MPA or EGPA. In patients with
EGPA, persistent chronic asthma was recorded at
6 months in 63 (43.2%) patients.

Pulmonary manifestations and autoantibodies

In patients with GPA, haemoptysis at baseline was more
frequent in patients with positive PR3-ANCA as opposed
to those with negative PR3-ANCA (21.4% vs 6.7%). The
frequency of lung fibrosis in GPA did not vary according
to ANCA positivity. Pulmonary nodules were more fre-
quently observed in patients with GPA and positive
ANCA, irrespective of the type (P < 0.05): 31.6% in
patients with c-ANCA had nodules vs 18.5% in c-ANCA
negative patients; 42.4% in p-ANCA positive vs 26.2%
in p-ANCA negative patients; 30.6% in PR3-ANCA posi-
tive vs 19.3% in PR3-ANCA negative patients and
48.4% in MPO-ANCA positive vs 25.7% in MPO-ANCA
negative patients.

In patients with MPA, the frequency of haemoptysis,
pulmonary fibrosis and nodules did not vary significantly
according to ANCA positivity.

In patients with EGPA, positive p-ANCA (58/129
patients) and MPO-ANCA (65/129 patients) were more
frequently observed than positive c-ANCA (10/127
patients) and PR3-ANCA (4/126 patients). Pulmonary
nodules in the presence of PR3-ANCA (75.0% vs 11.1%
in PR3-ANCA negative patients). The frequency of pul-
monary fibrosis did not vary significantly according to
ANCA positivity.

Of the 924 patients with AAV, 336 were tested for
anti-GBM and 8 (2.4%) were positive (dual positive for
ANCA and anti-GBM). In these patients, pulmonary
haemorrhage was observed in 37.5% (3/8 patients) vs
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TaBLE 4 Vasculitis Damage Index scores and individual items of pulmonary damage among patients with vasculitis

TAK GCA GPA MPA EGPA PAN IgAvV
VDI score, mean (s.D.) 1.9(1.6) 0.77(1.1) 1.9(1.7) 21(1.7) 24(19 15(14) 0.5(0.9
VDI score in patients without pulmonary 1.8(1.5) 0.8(1.1) 1.8(1.4) 1.5(1.3) 1.1 (1.0 1.3(1.3) 0.5(0.9)
symptoms at baseline
VDI score in patients with pulmonary 2.49(2.2) 0.7(1.1) 1.9(1.8) 2.4(1.8) 262.0 21(1.9 1.1(1.9)
symptoms at baseline
Patients with >1 lung VDI item, n (%) 7(4.1) 22 (3.3 85(15.4) 64(28.7) 77 (52.7) 3(6.2) 2(1.9)
VDI items, no. of patients
Pulmonary hypertension 4 0 2 2 1 0 0
Pulmonary fibrosis 0 1 19 40 2 0 0
Pulmonary infarction 3 0 0 1 0 1 0
Pleural fibrosis 0 0 3 0 0 0 0
Chronic asthma 1 3 4 2 63 0 0
Chronic dyspnoea 3 17 55 23 24 2 2
Abnormal pulmonary function tests 1 2 30 18 17 0 0

TAK: Takayasu’s arteritis; GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: eosinophilic GPA;
PAN: polyarteritis nodosa; IgAV: IgA vasculitis; VDI: Vasculitis Damage Index.

7.3% in patients with AAV and negative anti-GBM (P <
0.001). Anti-GBM positivity did not influence the fre-
quency of pulmonary VDI items at 6 months, including fi-
brosis, in patients with AAV.

Discussion

The DCVAS study was an international, collaborative ef-
fort to collect comprehensive clinical data on a large co-
hort of patients with various vasculitides, and offers
detailed clinical, biological, radiological descriptions and
short-term outcomes of patients with pulmonary mani-
festations. As expected, respiratory symptoms at base-
line were more common in patients with AAV.
Pulmonary involvement also led to more damage, mostly
in AAV.

However, it is important to recognize that respiratory
symptoms can also occur in patients with TAK, GCA,
PAN or IgAV. In these patients, dyspnoea and cough
were the two most common respiratory symptoms, as
already reported in small series, and the pathophysio-
logic aetiologies of these findings are not always clear,
especially in patients with LVV [22]. Therefore, clinicians
should remain cautious as the differential diagnosis of
respiratory symptoms is broad and may be unrelated to
the underlying vasculitis. Vasculitis of the pulmonary ar-
tery has been reported more often in LVV, but was rare-
ly observed in patients with TAK; however, only a few of
them had documented imaging of these arteries.

The observed frequency of clinical haemoptysis in the
DCVAS patients with AAV falls within the ranges previ-
ously described in smaller series (5-50%) [2-4, 8].
However, alveolar haemorrhage might be higher than
reported since bronchoscopy was not performed in all
patients with abnormal lung imaging, possibly missing
subclinical alveolar haemorrhage. Haemoptysis was
reported in all other forms of vasculitis, except in IgAV,
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despite existing cases in the literature [23]. However,
one of the two patients with PAN and haemoptysis was
p-ANCA positive (considered as having PAN by the in-
vestigator due to the presence of microaneurysms on
vascular imaging) and the other had a normal
bronchoscopy.

Pulmonary fibrosis was frequent in patients with MPA
(24.6%), but much less in GPA (1.9%) or EGPA (6.3%).
The longer-term incidence of lung fibrosis might be
higher than reported here, as the follow-up duration was
of only 6 months after the diagnosis of vasculitis. Lung
imaging using CT-scan was not mandatory and plain
chest radiograph may overlook or miss discrete, early
changes of fibrosis. The occurrence of interstitial lung
disease (with or without overt vasculitis) in patients with
AAV, especially those with a positive MPO-ANCA, has
been increasingly recognized and impacts survival [24-
27]. In a series of 49 patients, the mortality rate in AAV
with pulmonary fibrosis was as high as 37% after a me-
dian follow-up of 48 months, mainly due to respiratory
insufficiency [6]. Similar data with other vasculitides is
lacking.

At 6 months, only 43.2% of patients with EGPA had
persistent chronic asthma recorded on the VDI. The
short duration of follow-up, or the use of ongoing treat-
ments, might explain this low rate. Discrepancies in how
persistent asthma is interpreted (damage vs comorbid-
ity), and recorded, between site investigators might also
have contributed to this low reported percentage.

This study has several strengths. It is the largest,
international study providing detailed information on pul-
monary manifestations in systemic vasculitides. Data
was collected in a standardized and systematic manner,
providing valuable information on pulmonary symptoms,
imaging, bronchoscopy, PFTs, biopsy and 6-month out-
comes. Additionally, the DCVAS cohort provides ‘real-
world’ data that is highly generalizable given the broad
involvement of 136 centres in 32 countries and
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investigators from multiple specialties. Our study shows
that pulmonary manifestations vary according to the
type of vasculitis and may be useful to differentiate be-
tween different AAV [28].

There are several limitations to consider. This analysis
included patients for whom the investigator was ‘very
certain’ of the diagnosis, possibly reducing the general-
izability of its findings. The DCVAS study had a short
duration of follow-up, which may lead us to underesti-
mate the cumulative pulmonary damage caused by the
vasculitis. Investigations including imaging, PFTs, bron-
choscopy and lung biopsy were not standardized in all
patients; the frequency of findings must therefore be
interpreted with caution as patients were more likely to
be investigated if the clinician had a suspicion of pul-
monary disease. Symptoms and investigation findings
entered in the database had to be attributable to the
vasculitis; however, there is a chance that some findings
documented were unrelated and caused by another dis-
ease. Finally, data was entered either prospectively, at
diagnosis, or retrospectively within the first 2-5years
after diagnosis of their vasculitis, which might be prone
to recall bias or depend on the completeness of previ-
ous recordkeeping and prevented more analyses of
short-term outcomes. Mortality was, for example, not
analysed in detail in this study, because many patients
were enrolled after month 6 post-diagnosis (possible
‘survivor bias’) [29].

Conclusion

Pulmonary manifestations occur in many primary sys-
temic vasculitides, but at variable frequencies and with
various presentations. In patients with AAV, pulmonary
manifestations are frequent, often severe and the source
of permanent damage. In patients with TAK, GCA, IgAV
or PAN, pulmonary manifestations can occur but less
commonly lead to lung damage. Clinicians caring for
patients with vasculitis need to be aware of the full
spectrum of potential pulmonary manifestations of these
complex diseases.
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