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Abstract

Introduction Hughes-Stovin syndrome (HSS) is a systemic vasculitis characterized by widespread venous/arterial thrombosis
and pulmonary artery aneurysms (PAAs), which is associated with serious morbidity and mortality. All fatalities reported in
HSS resulted from unpredictable fatal suffocating hemoptysis. Therefore, it is necessary to recognize pulmonary complica-
tions at an early stage of the disease.

Objectives The aims of this study are to develop a reference atlas of images depicting the characteristic features of HSS by
computed tomography pulmonary angiography (CTPA). To make a guide for physicians by developing a classification of
PAAs according to the severity and risk of complications associated with each distinct lesion type.

Methods The Members of the HSS International Study Group (HSSISG) collected 42 cases, with high-quality CTPA images
in one radiology station and made reconstructions from the source images. These detailed CTPA studies were reviewed for
final image selection and approved by HSSISG board members. We classified these findings according to the clinical course
of the patients.

Results This atlas describes the CTPA images that best define the wide spectrum of pulmonary vasculitis observed in HSS.
Pulmonary aneurysms were classified into six radiographic patterns: from true stable PAA with adherent in-situ thrombosis
to unstable leaking PAA, BAA and/or PAP with loss of aneurysmal wall definition (most prone to rupture), also CTPA images
demonstrating right ventricular strain and intracardiac thrombosis.

Conclusion The HSSISG reference atlas is a guide for physicians regarding the CTPA radiological findings, essential for
early diagnosis and management of HSS-related pulmonary vasculitis.

< Yasser Emad
yasseremad68 @ gmail.com

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-021-05912-3&domain=pdf

4994

Clinical Rheumatology (2021) 40:4993-5008

Key Points

o The Hughes-Stovin syndrome (HSS) is a systemic vasculitis
characterized by extensive vascular thrombosis and pulmonary
artery aneurysms (PAAs) that can lead to significant morbidity
and mortality.

o All fatalities reported in HSS were related to unpredictable mas-
sive hemoptysis; therefore, it is critical to recognize pulmonary
complications at an early stage of the disease.

o The HSS International Study Group reference atlas classifies pul-
monary vasculitis in HSS at 6 different stages of the disease pro-
cess and defines the different radiological patterns of pulmonary
vasculitis notably pulmonary artery aneurysms, as detected by
computed tomography pulmonary angiography (CTPA).

o The main aim of the classification is to make a guide for physi-
cians about this rare syndrome. Such a scheme has never been
reached before since the first description of the syndrome by
Hughes and Stovin since 1959. This classification will form the
basis for future recommendations regarding diagnosis and treat-
ment of this syndrome.

Keywords Classification of HSS pulmonary vasculitis -
Computed tomography pulmonary angiography (CTPA)
HSS reference atlas - Hughes-Stovin syndrome (HSS) -
Pulmonary artery aneurysm

Abbreviations

HSS Hughes-Stovin syndrome

CTPA Computed tomography pulmonary angiography
DVT Deep venous thrombosis

PAAs Pulmonary artery aneurysms

BAA Bronchial artery aneurysms

PAPs Pulmonary artery pseudo-aneurysms

MPR Multiplanar reconstruction

3D-VRT Three-dimensional volume rendering technique
GGO Ground-glass opacification

RVS Right ventricular strain

PTE Pulmonary thromboembolism

BD Behcget’s disease

PA Pulmonary artery

PACE Pulmonary artery coil embolization

EULAR European League Against Rheumatism
Introduction

The Hughes-Stovin syndrome (HSS) was named after two
British physicians in 1959 John Patterson Hughes and Peter
George Ingle Stovin. They described two male patients
with systemic illness, recurrent deep venous thrombosis
(DVT), and segmental pulmonary artery aneurysms (PAA)
with recurrent hemoptysis [1]. Both patients died of sudden
massive suffocative hemoptysis. At autopsy, the walls of
the PAA showed heavy infiltration with inflammatory cells
(Ilymphocytes, plasma cells, and foam cells) and segmen-
tal destruction of the elastic and muscular layers. A large
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“adherent thrombus” was also found in two upper lobe seg-
mental arteries. Similar clinical associations were observed
in 1912 by Beattie and Hall, who described a previously
healthy man who died suddenly from profuse suffocative
hemoptysis [2].Upon autopsy, an aneurysm was found to
have ruptured into the adjacent lung tissue, ulcerating in the
main branch of the right bronchus and bulging into the right
side of the pericardium. These findings indicated “extra-
luminal” extension of this inflammatory process [2].

Early case reports typically describe male HSS patients
aged between 14 and 37 years, with patient survival ranging
from several months to 8 years after disease onset [1-9]. All
fatalities in HSS were due to suffocating massive hemopty-
sis. None of these patients received immunomodulators and
neither the etiology nor definitive treatment was established
at this time [10]. In addition to true PAA in HSS, some older
reports noted pulmonary artery pseudo-aneurysms (PAPs)
with destruction of a large portion of the false aneurysm’s
wall and direct communication from the lumen to the adja-
cent bronchus, which eventually resulted in fatal hemopty-
sis [7-9]. These classical autopsy findings can currently be
evaluated at an earlier stage using computed tomography
pulmonary angiography (CTPA) imaging, which also may
provide opportunities for early, targeted management of
these pulmonary lesions [10-41].

The last 3 years we investigated in PubMed and other
search engines who had published worldwide in the field
of HSS. These authors were invited to join the HSS Inter-
national Study Group (HSSISG) and almost all agreed to
participate. In order to better delineate the clinical-radi-
ological correlations observed in HSS, the Study Group
recently reviewed the clinical presentation, disease course,
and detailed CTPA imaging results of 57 HSS patients [10].
We observed that intra-aneurysmal thrombi in patients with
HSS-related pulmonary vasculitis can evolve in situ due to
the underlying arterial wall vasculitis and activation of the
coagulation cascade. If untreated, this may lead to penetra-
tion of the intra-luminal thrombus through the inflamed
aneurysmal wall and extension of the inflammatory process
into an adjacent bronchus. The latter may result in the forma-
tion of a pulmonary artery pseudoaneurysm (PAP) with fatal
hemoptysis. In one case, a patient died after PAA involving
the main pulmonary artery (PA), ruptured into the pericar-
dial space [4]. Overall, the main cause of death in HSS is
typically fatal hemoptysis due to PAA or PAP rupture [1-9,
23, 29, 30, 35] as a result of unremitting pulmonary vasculi-
tis. This clearly indicates that early detection and close sub-
sequent surveillance of pulmonary vascular lesions should
be a top priority in the management of HSS patients [10].

The objective of the current report is to create a com-
prehensive and illustrative reference atlas that demonstrates
all possible CTPA pulmonary imaging findings that may
be observed in HSS-related pulmonary vasculitis at various
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disease stages. This reference atlas will assist treating physi-
cians to reach the diagnosis and precisely characterize the
specific pulmonary vascular lesions at an early stage of the
disease process. In addition, the atlas defines the most seri-
ous CTPA radiological signs that warrant special considera-
tion and show the clinicians when urgent interventions are
necessary in order to avoid adverse or fatal outcomes.

Patients and methods

The reference atlas was created after critical and extensive
review of detailed CTPA studies from 31 previously reported
HSS case reports, representing a total of 42 HSS patients
(11-41). Due to a lack of diagnostic criteria for HSS, in pre-
vious reports, diagnosis of HSS was based on the presence
of typical disease features such as (a) widespread recurrent
vasculo-occlusive disease in the form of recurrent superficial
thrombophlebitis, DVT, cerebral venous sinus thrombosis
(CVST), intracardiac thrombosis, or arterial thrombosis; (b)
pulmonary vasculitis with typical CTPA features, notably
pulmonary artery aneurysms and in situ thrombosis and/
or bronchial artery aneurysms; and (c) normal coagulation
profiles.

All authors of the HSS working group agreed to cooper-
ate with the study and made their CT studies available that
were uploaded to a Siemens (Syngo.via) CT workstation.
The uploaded source images were interpreted in different
windows such as lung and mediastinal windows in both
pre- and post-contrast phases and further analyzed. Software
was applied to make new reconstructions from the source
images, e.g., multiplanar reconstruction (MPR), maximum
intensity projection (MIP), and three dimensional volume
rendering technique (3D-VRT) (Fig. 1).

These images were critically reviewed and consensus
was reached, in order to determine the most relevant CTPA
images to be included. Image selection was based on image
quality and content, ensuring that the most relevant CTPA
radiological signs were included that could delineate all pos-
sible pulmonary lesions in HSS at various stages of develop-
ment. After deliberation and image analysis, final decisions
were reached and approved by all HSSISG board members.
In the case of disagreement on any of the findings, further
rounds of reviews were completed until final consensus was
reached by all HSSISG members.

Interpretation of computed tomography pulmonary
angiography findings

The available CTPA images were reviewed and interpreted
with special emphasis on the following items:

I Adherent intra-aneurysmal in situ thrombosis with
or without aneurysmal wall enhancement (on post-
contrast CTPA images) proximal or distal to site of
the adherent thrombus

II True “stable” PAA at different stages of develop-
ment and diameter that involve various PA branches
including the main, lobar, and segmental PA, as well
as bronchial artery aneurysms (BAA).

Il Leaking “unstable” PAA or leaking BAA with loss
of aneurysmal wall definition, signaling impending
rupture.

IV Stable pulmonary artery pseudo-aneurysms (PAP).

V  Unstable PAP.

VI Intracardiac thrombosis and right ventricular strain
(interventricular septum flattening secondary to the
altered pulmonary hemodynamics).

In addition, 3D-VRT and MIP reconstructions were
performed in some patients (Figure 1).

Statistical analysis

Data analysis was performed using SPSS version 15.0.1.
Continuous data was described using mean (SD) and cat-
egorical data using frequencies and percentages. Regression
analysis was performed to examine the relationships between
fatal outcomes and other relevant independent variables. A
P-value <0.05 was considered statistically significant.

Results

Demographic features, clinical presentations, vascular
thrombotic events, laboratory findings, CTPA findings, and
lines of treatment among the studied group of patients are
presented in Table 1. Regression analysis showed a sig-
nificant positive association between fatal outcomes as a
dependent variable and ruptured PAAs (P=0.002) as an
independent variable. Significant negative associations were
observed between fatal outcome versus PACE (P < 0.004)
and versus treatment with combined immunomodulators
(P<0.001). While no significant associations were observed
between fatal outcomes versus age (P =0.188), gender
(P=0.113), and anti-coagulation therapy (P =0.076).

After extensive review of available CTPA images, a final
consensus was reached by HSSISG members regarding the
radiological definitions of each individual lesion. We pre-
sent the following radiological definitions and classifications
relative to CTPA imaging findings:

I Aneurysmal wall enhancement on post-contrast
CTPA
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Fig. 1 Multiple 3D MIP reconstructed CTPA images from different
patients. A Right central PAA. B-G Examples of central PAA in dif-
ferent patients. H Bronchial artery aneurysm (BAA). I-M Different

II

Arterial wall enhancement is the earliest radiological
sign in HSS-related pulmonary vasculitis. It is frequently
observed during early stages of the disease process. Arte-
rial wall enhancement is radiologically defined as an
“enhancing aneurysmal wall,” which is typically visual-
ized in the mediastinal window in sequential arterial and
venous post-contrast phases (Fig. 2).

True “stable” PAA

PAA is generally defined as a dilatation involving
all three layers of the vessel wall and can affect all PA
branches, including the main PA and its branches, e.g.,
lobar and segmental. True stable PAA is defined radio-
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cases of central and peripheral PAA. N-O Bilateral central PAA of
the same patient. P Leaking right basal true PAA in a different case

III

logically as an “aneurysmal lesion (contrast filled) of the
affected PA branch with a well-defined aneurysmal wall
and associated with intra-aneurysmal adherent in-situ
thrombosis (filling defects) without any perianeurysmal
parenchymal ground-glass opacification (GGO), which
would be suggestive of an extra-luminal acute leak (best
visualized in the lung window)” (Fig. 3).
Unstable leaking true PAA (“acute phase”™)
Radiologically unstable PAA is defined as “aneu-
rysm formation (contrast-filled) of the affected PA
branch with loss of aneurysmal wall definition and
perianeurysmal alveolar hemorrhage (ground-glass
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Table 1 Demographic, clinical presentations, arterial and/or venous
thrombotic complications, lines of treatment, and fatal outcomes

among the studied group of HSS patients

HSS patients (n=42)

Variables Values
Male/female 30(71.4)/12(28.6)
Age (years) 34.83+12.396
Median (IQR) 35(17.50)

Age at onset (years) 31.83+10.467
Median (IQR) 31.5(16.25)
Disease duration (months) 56.50+65.431
Median (IQR) 31.5(54)

Fever 27(64.3)
Weight loss 14(33.3)
Cough 39(92.9)
Dyspnea 34(81)
Pleuritic chest pain 5(11.9)
Hemoptysis (mL/24 h) 37(88.1)

None 5(11.9)

Mild hemoptysis (<20 mL/24 h) 14(33.3)
Moderate hemoptysis (20 to 600 mL/24 h) 12(28.6)
Massive hemoptysis (> 600 mL/24 h) 11(26.2)

DVT 34(81)

IVC thrombosis 12(28.6)
Recurrent superficial thrombophlebitis 25(59.5)
Cerebral venous sinus thrombosis 3(7.1)
Intracardiac thrombosis 8(19.0)
Arterial thrombosis 6(14.3)

ESR 1st hour (mm/h)

CRP (mg/dl)

Hemoglobin

WBCs

Platelets count

Oral steroids therapy

Oral azathioprine therapy

Monthly intravenous pulse cyclophosphamide therapy
Anti-TNF inhibitors

Combined immunosuppressants (oral steroids combined
with either azathioprine or cyclophosphamide)

Anticoagulation therapy

Surgical lobectomy or segmentectomy

PACE

Lobar pulmonary artery aneurysms

Segmental pulmonary artery aneurysms

Bilateral pulmonary artery aneurysms

Size of the largest pulmonary artery aneurysm (mm)
Bronchial arterial aneurysms

Ruptured pulmonary aneurysm(s)

Fatal suffocative hemoptysis

50.167+25.18
15.205 +15.33
11.23+1.68
8.6738+4.103
319.74+92.334
39(92.9)
18(42.9)
19(45.2)

3(7.1)

35(83.3)

31(73.8)
7(16.7)

8(19.0)
35(83.3)
26(61.9)
37(88.1)
25.519+12.318
49.5)

12(28.6)
5(11.9)

Data are mean +(SD), and others are number (%); IQR inter quartile
range, HSS Hughes-Stovin syndrome, DVT deep vein thrombosis,
1VC inferior vena cava, PACE pulmonary artery coil embolization,

TNF tumor necrosis factor

opacification and/or consolidation) with ‘air-bronch-
ograms’.” The latter refers to air-filled bronchi (dark)
being made visible by the opacification of surround-
ing alveoli (gray/white). This finding is almost always
caused by a pathologic airspace/alveolar process in
the adjacent surrounding lung parenchyma, which
can occur as a result of hemorrhage (best visualized
in the lung window) (Fig. 4).

IV Pulmonary artery pseudoaneurysm (PAP) (“chronic
phase”)

A PAP is defined radiologically as “sharply demar-
cated contrast-filled aneurysmal lesions with a variably
sized marginal hypodense perianeurysmal component
(‘marginal thrombosis’) entangling a contrast-filled
ectatic lumen.” The lesion is not associated with adjacent
ground glass opacification or frank consolidation, distin-
guishing it from leaking PAA or PAP. Air bronchograms
(air-filled bronchi/bronchiole) can be associated within
the hypodense component (“marginal thrombosis™)
(Fig. 5). The radiological and morphological differences
between true PAA versus PAP are illustrated in (Fig. 6).

V  Unstable PAP

Unstable PAP is defined radiologically as “sharply
demarcated contrast-filled aneurysmal lesions with a var-
iably sized marginal hypodense perianeurysmal compo-
nent (i.e. ‘marginal thrombosis’) entangling the sharply
demarcated contrast-filled ectatic lumen plus adjacent
ground glass opacification or frank consolidation due to
active hemorrhage from the leaking ectatic lumen.” The
air bronchogram (air-filled bronchi/bronchiole) can be
associated within the hypodense component (Fig. 7).

VI Right ventricular strain (RVS) with or without intra-
cardiac thrombosis.

RVS is defined radiologically by CTPA as “interventricu-
lar septal flattening or paradoxical interventricular septal
bowing towards the left ventricle, which occurs secondary
to the altered pulmonary hemodynamics in the context of
pulmonary hypertension.” In addition, RVS is characterized
by a right ventricle size that exceeds that of the left ventricle.
Intracardiac thrombosis is defined by CTPA as a low attenu-
ation non-enhancing filling defect in the involved cardiac
chamber(s) (Fig. 8).

Discussion

The atlas gives a state of the art of the CT pulmonary angio-
graphic findings in HSS patients. Given the lack of a diag-
nostic criteria for HSS, the diagnosis is made based on the
typical clinical features of the disease including widespread
vascular occlusive disease (venous and/or arterial), recurrent

@ Springer
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Fig.2 Sequential images in the
arterial phase (in the left side
column and labeled with red
circles) and the correspond-

ing venous phase images (in
the right side column-labeled
with blue circles) for 3 different
patients, showing lobar PAA,

in situ thrombosis with arterial
mural enhancement in venous
images denoting vasculitis.
Variable degrees of luminal
dilation represent different
stages of development. (A and
Al) Bilateral central pulmonary
in situ thrombosis as filling
defects (red circles) and mural
enhancement in the venous
phase (blue circles). (B and B1)
Left-sided true stable PAA with
large eccentric filling defect
represents in situ thrombosis
(red circle) and mural enhance-
ment in the venous phase (blue
circle). (C and C1): Bilateral
central pulmonary in situ throm-
bosis as filling defects (red
circles) and mural enhancement
in the venous phase of the left
side pulmonary artery with wall
enhancement (blue circle)

superficial thrombophlebitis, and a normal coagulation pro-
file. An integral component of the diagnosis of HSS is the
characteristic CTPA findings of pulmonary vasculitis, which
include PAA, adherent intra-aneurysmal in situ thrombosis,
and aneurysmal wall enhancement on post-contrast CTPA,
BAA, and PAP. These radiological features were recently
highlighted by our group in the first report from the HSSISG
[10].

Despite the classic clinical and characteristic CTPA find-
ings of HSS, delayed diagnosis is common and misdiagnosis
for isolated PTE may occur [10-41]. To facilitate earlier
diagnosis and reduce the potential morbidity associated with
misdiagnosis, the HSSISG assembled CTPA images into this
reference atlas that we believe demonstrate all potential pul-
monary complications associated with HSS. Our rationale
was to provide the most illustrative and reliable collection
of CTPA images, defining pulmonary vasculitis in HSS at
different stages of the disease process, and to classify the
different radiological patterns of pulmonary vasculitis and
aneurysm formation. These classifications were developed
according to lesion severity and the potential morbidity asso-
ciated with each individual lesion. PAAs are considered to
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be one of the most consistent signs of pulmonary vasculitis
by CTPA imaging in both HSS [10—41] and Behget’s disease
(BD) [42]. In our opinion, the earliest CTPA sign of HSS-
related pulmonary vasculitis is arterial wall enhancement
of the mural wall of the PAA (Fig. 2).This finding is typi-
cally observed early at disease onset and in new developing
lesions. This specifically reflects arterial mural wall inflam-
mation due to the underlying vasculitic process [10]. Pirani
et al. documented this histopathological pattern in 1949 [5],
finding that the wall of a ruptured PAA showed significant
lymphocytic infiltrations and disruption of the muscular
layer. Similar results were reported by Kopp and Green in
1962 [6], Kirk and Seal in1964 [7], and Kinjo et al. in 1978
[9]. More recently, Robinson et al. (2018) described a his-
topathological pattern of necrotizing lymphocytic vasculitis
with adjacent pulmonary infarction, from a resected unstable
true PAA (by CTPA imaging) [28] (Fig. 4A). Persistent arte-
rial wall inflammation of PA branches results in progressive
vessel injury, and over time with exposure to the shear forces
of the pulmonary circulation pressure, this can result in an
outpouching of the wall, which is radiologically identified
in our report as “true stable PAA” (Fig. 3). “True PAAs”
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Fig.3 Different cases with variable bilateral lobar and segmen-
tal true stable PAA and true BAA. A, B Two different cases of left-
sided true central PAA and in situ thrombosis (white arrow in image
A and red circle in image B). C A different case of bilateral stable
proximal PAA with in situ thrombosis (red circle around the right-
sided PAA and blue around the left-sided PAA). D, E BAA in coronal

reformatted images (red circle around the BAA). F-H Coronal and
sagittal reformatted images representing left lower lobe stable PAA
with in situ thrombosis. I Mild perivascular pulmonary parenchymal
changes in bilateral stable PAA. J, K Stable BAA (blue circle around
the left-sided BAA). L Bronchoscopy for the same patient revealed a
pulsatile prominence in the right main bronchus (blue arrow)

@ Springer
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Fig.4 Examples of variable-sized lobar and segmental unstable leak-
ing PAAs with adjacent parenchymal lung opacification and veiling
infiltrates due to acute aneurysmal leakage. These include axial and
coronal reformatted images of the lung and mediastinal windows
for true leaking PAAs. A, B Two different patients with right lower
lobe unstable PAA (red circles) with subtle leakage and ground glass
opacification of the right middle lung lobe. C Another patient with

are histologically defined as focal dilatation of PA branch
involving all three layers of the arterial wall including tunica
intima, tunica media, and tunica adventitia [43].

@ Springer

bilateral central unstable PAA (white arrows). D-J Different exam-
ples of right proximal and peripheral true PAA with peripheral leak-
age and ground-glass opacification (red circles). K-N Coronal refor-
matted images of right central and peripheral leaking true PAA in
volumetric MIP projections (K, L, red circle), mediastinal (M, blue
arrow), and lung windows (N, blue arrow)

Since HSS is a systemic vasculitis, the same inflamma-
tory process may also affect the bronchial arteries. Hughes
and Stovin [1] found that the bronchial arteries were
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Fig.5 Examples of variable-sized pulmonary artery pseudoaneu-
rysms (PAP) lesions involving the central and segmental pulmonary
arterial branches. Axial, sagittal, and coronal CTPA reformatted
images of mediastinal windows, which allowed for sharp demarcation
of PAP with eccentric thrombosis. A-E Right-sided proximal PAP
with eccentric thrombosis. F A different case of bibasal PAP. G-H
Two cases of right-sided basal proximal PAP with ectatic lumens. I

significantly affected in their cases, with complete loss of
the elastic lamellae, thinning of the media, and distortion of
the lumen by conspicuous cushions of edematous sparsely
cellular tissue in their autopsy study. Furthermore, BAAs in
HSS have also been documented in the recent literature with
the use of CTPA [15, 29].

The pulmonary and bronchial arteries are two distinct
vascular networks that supply the lungs. The pulmonary
arteries supply 99% of the blood flow to the lungs and
engage in gas exchange at the alveolar capillary membrane,
carrying deoxygenated blood at low pressure [44]. The bron-
chial arteries, on the other hand, provide oxygenated blood
to the lungs at a sixfold higher pressure than the pulmo-
nary arteries, and they are linked to the pulmonary arteries
by multiple microvascular anastomoses [45]. Due to their
smaller diameter, the bronchial arteries can develop high

Contrast-filled lumen (blue arrow), surrounded by a hypodense area
of eccentric thrombus (white arrow), noting the relationship between
the PAP lesion and the adjacent bronchus. J-Q Different cases of
right-sided basal proximal and peripheral PAP with ectatic lumens
and eccentric mural thrombosis. (Lesions are labeled with red circles
for the purpose of illustration)

resistance, low capacitance, and less distensible circulation.
In the context of reduced pulmonary blood flow, the bron-
chial circulation and other collateral vessels can hypertrophy
in order to sustain blood flow to areas of ischemic lung and
engage in gas exchange through systemic-pulmonary arte-
rial anastomoses [46, 47]. The total systemic cardiac output
to the bronchial arteries may increase from 1 to 18-30% in
certain disease states, such as pulmonary thromboembolism
(PTE) or widespread in situ thrombosis in HSS-related pul-
monary vasculitis [44]. Increased bronchial artery pressure
can contribute to BAA formation. BAA can subsequently
result in compression, deformation, or even destruction of
bronchial wall, which can be occasionally seen during bron-
choscopy (Fig. 3L).

PAA in HSS can evolve over time to acquire different
morphological patterns. These patterns are observable by

@ Springer
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Fig. 6 Diagrammatic repre-
sentation of a large true PAA

in two different patients. (A
and A-1) Axial CTPA shows

a bibasal PAA with in-situ
thrombosis and a massive large
right-sided basal peripheral
PAA with an intact aneurysmal
wall and well demarcation (Red
line representing the mural
wall of the true PAA in A.1). (B
and B-1) Active leakage of the
right-sided basal large PAP with
concentric mural thrombus,
bibasal consolidation, and intra-
pleural hemorrhagic collection
(red line encircling the true
contrast-filled lumen of PAP in
B.1, plus an interrupted white
line representing the false wall
of the aneurysm)

CTPA, which can be used to define the size and stability
of PAA. Leakage from PAA is a critical event during the
disease course and can result in either of two distinct sce-
narios. The first scenario is an acute leaking process which
turns a “stable true PAA” into a “leaking unstable PAA”
with loss of aneurysmal wall definition and adjacent paren-
chymal hemorrhage (Fig. 4). The latter may be aggravated
if the patient is already receiving anti-coagulation therapy
for peripheral vascular occlusive disease, which is known
to complicate many cases of HSS [10]. The second scenario
is more serious and unpredictable and tends to run a slower
chronic course. In this scenario, blood slowly and repeatedly
leaks through the inflamed aneurysmal wall, to surround the
exterior wall of the PAA. Over time, this slowly accumulates
and acquires a false wall (i.e., formation of a PAP lesion)
that can indent or invade adjacent bronchi. This morphologi-
cal progression is illustrated by CTPA as hypodense non-
enhancing marginal thrombus surrounding the exterior wall
of the ectatic well-defined contrast-filled lumen (Fig. 5). In
both scenarios, extra-luminal extension of the inflammatory
process may lead to rupture into an adjacent bronchus and
fatal hemoptysis. This was described by Hughes and Stovin
themselves as being unpredictable massive suffocative fatal
hemoptysis [1].

From the therapeutic point of view, this classification is
very important. Patients with asymptomatic stable PAAs that
are multiple, confluent, and/or involve both lung fields may
benefit from combined immunomodulators to induce and
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maintain disease remission. For this subgroup of patients,
embolization or surgical resection procedures may not be
technically feasible or warranted, given the responsive-
ness of the lesions to immunosuppressive treatment. On
the other hand, indications for procedural management
(typically by pulmonary artery coil embolization, or open
thoracotomy for certain high-risk lesions) include large
PAA size (i.e.,>30-mm peripheral PAA), rapidly increas-
ing PAA size, and leaking unstable PAA or PAP. The pres-
ence of pulmonary artery hypertension is also an important
risk factor for subsequent aneurysm rupture/dissection, and
should be considered a relative indication for procedural
management to stabilize the lesion. Unstable leaking true
PAA or PAP requires urgent procedural stabilization, even
in the context of only mild symptoms. This concept was
supported by the histopathological results reported in 1964
by Kirk and Seal [7], who reported a false aneurysm (PAP)
with a segmental disruption of the elastica of the PA at its
origin. The clot itself was largely extra-luminal and much
of its wall was formed by an expanded “false wall” of the
adjacent bronchus. The organizing thrombus was separated
from the bronchial lumen by a thin layer of respiratory epi-
thelium, and squamous metaplasia had occurred in places.
The edge of the false aneurysm was encroaching on a bron-
chial lumen and a branch of the PA showed disruption of
the tunica elastica. This highlights the importance of secur-
ing a potentially unstable PAP with PACE, and the need
to discontinue anticoagulation and subsequently control the
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Fig.7 Examples of disturbed PAP in different patients. Selected axial
images of CTPA in the mediastinal and same level lung window for
three different patients. (A) Unstable PAP of the right main pulmo-
nary artery posterior wall with eccentric posterior hypodense throm-
bus entangling the contrast filled aneurysm. (A.1) Lung window at
the same level as the previous image with evidence of subtle peri-
aneurysmal airspace consolidation and posterior pleuro-pulmonary
reactive thickening due to the unstable PAP. (B) Right lower lobe
unstable PAP with a posterior circumferential thrombus surround-
ing the contrast-filled eccentric lumen and subtle developing right-
sided posterior ground-glass opacification seen at the corresponding
(B.1) lung window. (C) Right lower lobe unstable PAP with eccentric
thrombus surrounding the sharply demarcated contrast-filled eccen-
tric lumen. The corresponding (C.1) lung window image also shows
patchy lung consolidation in the perianeurysmal parenchyma (note
that there is a left lingular stable PAA with an eccentric in-situ throm-
bus seen in the same patient). (Lesions are labeled in the pulmonary
vascular window with red circles and in the lung window with white
arrows for the purpose of illustration)

disease with combined immunomodulators, to prevent fur-
ther progression of the pulmonary vasculitis and new aneu-
rysm formation.

In our recent report, we found that early initiation of com-
bined immunomodulators was associated with a significantly
lower risk of death (P <0.001). Individuals that underwent
PAA embolization and/or coiling also had a lower risk of
death, but this was not statistically significant (P =0.06).
These interventions are indicated on an urgent or emergent
basis in cases of unstable leaking PAA or PAP, which would
be at excessive risk of rupture during the interim period
before immunosuppression can induce remission of the pul-
monary vasculitis [10].

Finally, CTPA has the potential to detect RVS related
to alerted pulmonary hemodynamics in cases of wide-
spread in situ thrombosis of the PA branches, as well as the
potential to detect intracardiac thrombosis in HSS. If RVS
is detected during the initial evaluation of a patient with
HSS, full cardiac assessment is recommended. The concept
of RVS secondary to altered pulmonary hemodynamics is
well-established in PTE. CTPA is recommended as a more
accurate tool for assessment of the severity of obstruction of
the pulmonary vascular bed and its secondary consequences,
including RVS and upstream consequences in abdominal and
thoracic venous pathways [48].

Based on currently available data, PTE- and HSS-related
in situ thrombosis appear to be pathophysiologically distinct
entities. PTE is caused by embolization of a thrombus from
the venous periphery to the lungs. In HSS, the pulmonary
arterial thrombus typically evolves in situ due to the under-
lying pulmonary arterial wall vasculitic process. However,
pulmonary vascular bed obstruction and altered pulmonary
hemodynamics will ultimately lead to RVS in both clinical
entities. Intra-cardiac thrombosis also seems different from
the pathophysiological point of view in both conditions.
PTE happens when blood clots (type A thrombi) which
are serpiginous and highly mobile travel through the blood
stream from the deep venous system. These can be captured
within the right side of the heart (thrombus in-transit) before
reaching the lung. In HSS, the underlying cause of intra-
cardiac thrombosis is still not clearly understood despite the
reporting of multiple cases [22, 32, 38]. In one patient with
HSS and widespread in situ thrombosis, an echocardiogram
showed tricuspid annular plane systolic excursion (TAPSE
14 mm) and moderate tricuspid regurgitation, with an esti-
mated systolic pulmonary artery pressure of 45 mmHg, all
indicative of possible RV dysfunction [15]. This potential
association needs to be further investigated in future studies
of HSS-associated intracardiac thrombosis.

We include detailed descriptions of the CTPA imaging
findings of all major pulmonary complications in HSS. By
using CTPA imaging techniques, we objectively classified
PAA into stable PAA, unstable leaking PAA, and PAP. This
classification is important when considering optimal treat-
ment modalities. PAA embolization/coiling is recommended
for patients who have or are at risk of major bleeding in the
2018 update of the European League Against Rheumatism
(EULAR) recommendations for BD management [49]. In
the current study, the risk of major bleeding was qualified
using a novel radiological classification to describe various
morphological and radiological patterns of PAA in HSS.
The objective of this classification is to facilitate risk assess-
ment regarding the threat posed by individual pulmonary
lesions in HSS for subsequent rupture and/or fatal hemopty-
sis. Improved understanding of the prognostic implications
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Fig.8 A, B Right ventricular
strain is demonstrated as an
increased transverse cross-
sectional diameter of the right
ventricle (outlined by a blue
line) compared to the left ven-
tricle (outlined by a red line).
Selected axial CTPA images
of true right-sided PAA (red cir-
cles in image D—F) with intra-
cardiac thrombus within the
right ventricle (yellow arrows,
image C and D) and within the
right atrium (yellow arrow in
image F)

of different imaging findings may help determine the need
for and urgency of procedural interventions.

A limitation of the current study is that we included a rel-
atively small number of patients (n=42). In this regard, the
results and conclusions should be interpreted with caution.

A strength of our study is that we could include most of
the published cases worldwide that applied CTPA imaging;
it would hardly be possible to find a larger series.

So the atlas is important for rheumatologists, internal
medicine specialists, and radiologists to be able to classify
the CTPA findings in HSS patients and to give appropriate
treatment and prevent unnecessary deaths.

Conclusions

1. The main aim of the classification is to make a guide for
physicians about this rare syndrome. Such a scheme has
never been reached before since the first description of
the syndrome by Hughes and Stovin since 1959.

@ Springer

The HSSISG reference atlas is a state of the art com-
prehensive and illustrative manual guide that can assist
physicians to identify and classify patients with HSS at
an early stage of disease. The reference atlas highlights
the most serious CTPA signs that warrant special con-
sideration, given the associated risk of future rupture
and fatal hemoptysis.

The atlas covers the following components: aneurys-
mal wall enhancement on post contrast CTPA images
as an early sign of pulmonary vasculitis and adherent
intra-aneurysmal in situ thrombosis. The atlas classifies
HSS-related pulmonary vasculitis with aneurysm forma-
tion into the following categories: true PAA at different
stages of development, BAA, and PAP. Leaking unstable
PAA and/or BAA and unstable PAP lesions pose the
greatest impending risk of rupture.

We consider that radiological evaluation of the proxim-
ity and structural associations between PAA and PAP
with adjacent bronchi is critical to the process of assess-
ing the risk of subsequent rupture and fatal outcomes
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in HSS-related vasculitis. This evaluation should guide
decision-making regarding the need for interventional
procedures to secure individual pulmonary lesions.
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