996
Send Orders for Reprints to reprints@benthamscience.net

Current Medical Imaging, 2021, 17, 996-1002
RESEARCH ARTICLE

z
- i
£ Medical Imaging
3

Imaging Features of Thoracic Manifestations of Behcet’s Disease: Beyond &—g
.

Pulmonary Artery Involvement
BENTHAM
SCIENCE

Cisel Yazgan"*", Hakan Ertiirk’ and Aysenaz Taskimn"

'Faculty of Medicine, Department of Radiology, Kastamonu University, Kastamonu, Turkey; *Faculty of Medicine, De-
partment of Radiology, Hacettepe University, Ankara, Turkey; *Department of Radiology, Atatiirk Chest Diseases and

Chest Surgery Education and Research Hospital, 06280 Ankara, Turkey, ‘Department of Chest Diseases, Atatiirk Ch-
est Diseases and Chest Surgery Education and Research Hospital, 06280 Ankara, Turkey

Abstract: Background: Behget’s disease is a chronic multisystemic vasculitis affecting vessels of
different sizes in various organs. Thoracic manifestations of the disease show a wide spectrum in-
volving a variety of anatomic structures within the chest. However, pulmonary artery involvement
is a typical manifestation of the disease that contributes significantly to mortality in patients. The
study aimed to analyze CT features of thoracic manifestations, particularly pulmonary artery in-
volvement, and to quantitatively assess bronchial arteries in Behget’s disease.

Methods: Patients with Behget’s disease who underwent CT scans for suspected thoracic involve-
ment between 2010 and 2018 were included. CT findings of 52 patients were retrospectively ana-
lyzed for thoracic manifestations of the disease. Bronchial arteries were assessed regarding diame-
ter in patients with/without pulmonary artery involvement. The pulmonary symptoms were noted.
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Results: Of the 52 patients, 67% had thoracic manifestations including pulmonary artery involve-
ment, parenchymal changes, superior vena cava thrombosis, and intracardiac thrombus. Pulmonary
artery involvement was observed in 50% of the cohort. Peripheral pulmonary arteries (77%) were
the most commonly affected branches, followed by lobar (42%) and central (35%) pulmonary ar-
teries. Other thoracic findings were significantly correlated with pulmonary artery involvement
(»<0.05). Compared to patients without pulmonary artery involvement, those with pulmonary
artery involvement had a higher bronchial artery diameter (p<0.05) and occurrence rate of dilated
bronchial arteries.
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Conclusion: Involvement of peripheral pulmonary arteries is frequently encountered in Behget’s
disease and it can resemble pulmonary nodules. Dilated bronchial arteries, which can be observed
in cases of pulmonary artery involvement, should be considered in patients with hemoptysis.
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1. INTRODUCTION

Behget’s disease (BD) is a chronic inflammatory disease
characterized by recurrent uveitis, oral and genital ulcers,
and systemic manifestations such as vascular, thoracic, and
central nervous systems. Vasculitis is the main pathological
process of the disease that affects both large and small ves-
sels.

(MR) angiography (MRA) have replaced conventional an-
giography to diagnose PAI [3, 4]. Some authors believe that
CTA is more sensitive than MRA in demonstrating particu-
larly small pulmonary artery aneurysm (PAA) [1, 5]. CT
scan can also demonstrate the entire spectrum of thoracic
manifestations as well as PAI in BD [3-6]. Moreover, refor-
matted images and three-dimensional reconstructions are es-
sential to guide endovascular treatment or to prepare
surgery.

Radiological findings of thoracic involvement have been
reported in BD, but to our knowledge, most descriptions are
presented in pictorial essays and clinical studies [7-9]. In ad-
dition, to the best of our knowledge, there are no original
studies on bronchial artery (BA) diameter measurement in
BD. Therefore, we aimed to further analyze the CT features
of thoracic manifestations expanding on PAI in BD. We also

Thoracic involvement is a relatively unusual complica-
tion of BD [1]. Its characteristic manifestation is pulmonary
artery involvement (PAI) that contributes significantly to
mortality in patients [2]. Modern imaging methods such as
Modern imaging methods such as pulmonary computed to-
mography (CT) angiography (CTA), magnetic resonance
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focused on assessing the diameter of BAs in patients with
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2. MATERIALS AND METHODS

This retrospective study was approved by our institution-
al review board (date: June 27, 2018, approval num-
ber:2012-KAEK-15/1704).

2.1. Study Population

By using the electronic clinical database at the Atatiirk
Chest Disease and Chest Surgery Training and Research
Hospital,68 consecutively registered patients with BD were
identified between January 2010 and April 2018. Of these
patients, we included those who had undergone contrast-en-
hanced CT and/or pulmonary CTA to investigate thoracic in-
volvement and fulfilled the International Study Group crite-
ria for BD diagnosis. We excluded patients with pneumonia,
malignancy, and collagen vascular disease.

Electronic medical records of all patients were reviewed
for information regarding age, sex, initial symptoms, and
medical history.

2.2. CT Protocols

CT examinations were performed with two multi-detec-
tor CT scanners (Emotion 6, Siemens, Germany and
Alexion 16, Toshiba Medical Systems, Japan). Of 82 CT
scans, 53 were obtained according to the pulmonary CTA
protocol and 29 according to the conventional chest CT pro-
tocol.

For CTA, the patients were administered 120 ml of non-
ionic contrast material at the rate of 3-4 ml/s into an arm
vein by using a power injector. A bolus tracking technique
triggered at 100 HU on the pulmonary trunk was used with
10 seconds delay. Other scanning parameters were as fol-
lows: pitch, 1.43; rotation time, 0.75 s; slice thickness, 1
mm; and reconstruction interval, 1 mm. Tube currents were
adjusted using automatic tube current modulation.

For contrast-enhanced chest CT, 75-80 ml of a non-ionic
contrast medium was intravenously administered at the flow
rate of 2-3 ml/s using an automated injector. Scanning start-
ed at 25 s after the initiation of contrast agent administra-
tion.

2.3. Radiological Evaluation of the study cohort

CT images were independently reviewed by two experi-
enced radiologists (with 17 and 19 years of experience, re-
spectively)who were blinded to the clinical data. The images
were analyzed according to thoracic BD findings by using
lung and mediastinal window settings predominantly in the
axial plane; coronal and sagittal images were used occasion-
ally to evaluate peripheral pulmonary arteries (PAs). Discre-
pancies between the two readers were resolved by discus-
sion and consensus. PAI was described here as either PAA
and/or isolated pulmonary artery thrombosis (PAT). The lo-
cation of involved PAs for each patient was noted as central,
lobar, or peripheral. The pulmonary trunk and main PAs
were defined as central, and segmental-subsegmental PAs
were defined as peripheral branches. The level and multiplic-
ity of PAI were also identified. The presence of intramural
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thrombus was also evaluated in patients with PAA. The fol-
lowing lesions were noted in the lung parenchyma: consoli-
dations, ground-glass opacities (GGO), cavities, mosaic at-
tenuation, atelectasis, and nodules. Pleural-pericardial effu-
sion, superior vena cava (SVC) thrombosis, and intracardiac
filling defects were also stated.

Follow-up CT images of 18 patients with PAI were also
evaluated regarding changes in PAs and parenchyma.

The diameter of BAs was evaluated only in patients with
pulmonary CTA. The measurements were conducted on the
axial plane by using mediastinal window settings. The maxi-
mum diameter was measured for each BA. BAs with a diam-
eter greater than 2 mm were considered to be dilated. The di-
ameters of BAs were compared between patients with and
without PAI In patients with PAI, the mean pulmonary
artery (PA) pressure with echocardiographic assessment was
also recorded.

2.4. Statistical Analysis

Chi-square test or Fisher’s exact test was used for com-
parison among various qualitative variables. Values were ex-
pressed as either mean =+ standard deviation or median with
interquartile range after testing the normality of variables us-
ing the Shapiro-Wilk test. The number and diameter of BAs
were compared using the Mann-Whitney U test. A p-value
of <0.05 was considered significant for all tests. All statisti-
cal procedures were conducted using IBM SPSS statistics
version 20 for Windows (IBM Corp., Armonk, NY, USA).

Fig. (1). Axial CT images of a 37-year-old man with hemoptysis
demonstrating PA aneurysm in the segmental branches of the mid-
dle lobe artery with peripheral thrombosis (arrow). (4 higher reso-
lution / colour version of this figure is available in the electronic
copy of the article).

3. RESULTS

The study included 52 patients (median age, 43 years;
mean, 44 +12 years; range, 22-70 years) with a male-to-fe-
male ratio of 1. Of these patients, 42 (81%) were presented
with respiratory symptoms. The main respiratory symptoms
were hemoptysis (42%) and dyspnea (38%). Overall, 35
(67%) patients had thoracic findings on CT scans. PAIob-
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served as PAA and/or PAT, was detected in 26 (50%) pa-
tients(Figs. 1 and 2). Table 1 presents the details of PAI
Small aneurysms at peripheral PA branches appeared like
parenchymal nodules in 4 patients. The continuity of lesions
with PA branches was shown with thin sections and refor-
matted CT images (Figs. 3 and 4).

Fig. (2). Axial CT image of a 43-year-old man with dyspnea show-
ing thrombosis of the main and right pulmonary arteries with medi-
astinal dilated bronchial arteries. (4 higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

Table 1. PA Involvement in 26 patients.

PA Involve- | PA aneurysm |Isolated PAT|PA Aneurysm-+thrombosis
ment Type 20/26 (77%) | 4/26 (15%) 2/26 (8%)
Central Lobar Segmental-subsegmental
Distribution
9 (35%) 11 (42%) 20 (77%)
Upper and
Lower Lobes Upper and middle lobes
Location lower lobes
14/26 (54%) | 9/26 (35%) 3/26 (11%)
PA: pulmonary artery.
A B

4

| 9

Fig. (3). Axial CT images on parenchymal (a) and mediastinal (b)
window setting of a 53-year-old man with dyspnea showing pe-
ripheral PA aneurysm of the right upper lobe suggesting pulmo-
nary nodule (arrow). (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

Abnormal parenchymal findings along with PAI were as
follows: peripheral consolidations, nodules, GGO, and cavi-
ties. Table 2 shows the clinical and CT characteristics of pa-
tients with PAIL. Follow-up CT images of 5 patients showed
cavities (Fig. 5).
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Fig. (4). Axial thin-section CT image of a 51-year-old man with
fever indicating multiple small Y- and V-shaped branching opaci-
ties representing peripheral pulmonary artery dilatations. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

Parenchymal findings were subpleural nodules-opacities
in patients without PAI. These patients had negative tests or
laboratory findings for tuberculosis or other infections.

Two patients had intracardiac thrombus localized in the
right ventricles (Fig. 6). Concentric wall thickening of the
left subclavian artery was detected in 1 patient. Three pa-
tients showed SVC and other great mediastinal veins throm-
bosis (Fig. 7). PAI was significantly correlated with
parenchymal and cardiovascular findings (p<0.05).

Eighty-one (72%) and 32 (28%) BAs were detected in
patients with and without PAI, respectively. Table 3 shows
an analysis of the BAs. The diameter of BAs correlated with
PAI(p=0.021). Compared to the PAI subgroup, there were
no differences in the correlation of BA diameters between
patients with PAA and those with PAT (p=0.108). Patients
with PAI and dilated BAs more frequently (64%) developed
hemoptysis than those with normal BAs. Of the former
group, 40% had elevated mean PA pressure as revealed by
echocardiography.

4. DISCUSSION

BD was first described in 1937 by Hulusi Behget, a Turk-
ish dermatologist, as a symptomatic triad of relapsing apht-
hous oral ulcers, genital ulcers, and uveitis in 3 Eastern
Mediterranean patients [10]. Despite its worldwide occur-
rence, BD is more prevalent in countries along the ancient
Silk Road extending from the Mediterranean to Middle-East
Asia to Far East Asia [11, 12]. Besides the classical clinical
triad, the involvement of other systems such as the gastroin-
testinal system, the central nervous system, and the cardio-
vascular system has been reported in BD [13].

The prevalence of thoracic involvement in BD ranges
from 1% to 8% [1]. In our study, 67% of the patients had CT
findings suggesting thoracic involvement. A previous study
reported pulmonary involvement in 14% of patients with
BD [2]. In contrast, Edrees et al. showed thoracic involve-
ment in 73% of cases [14], explaining that their study had
male predominance and included patients with severe ill-
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Table 2. Clinical and radiological characteristics of 26 patients with pulmonary artery involvement.

Pulmonary Artery

Case No/Age/Sex Prominent Pulmonary Symptoms Involvement CT Findings
LD4/F Hemoptysis N Multiple PAA, consolidation, t;;rlil(::ir(;irila1—pleural effusion, mosaic at-
2/60/M Chest pain + PAA
3/57/F Dyspnea + PAA, peripheral consolidation
4/29/M Dyspnea + Multiple PAA, peripheral consolidation
5/30/M Dyspnea + PAA, cavity
6/33/M Chest pain + Multiple PAA, peripheral consolidation, mosaic attenuation
7/41/M Hemoptysis + Multiple PAA, GGO, peripheral consolidation, atelectasis
8/51/M Chest pain, fever + PAA, pericardial effusion
9/40/M Hemoptysis . Multiple PAA, ICT, leliti;i:a ICZ:;;:EE;(; ﬁv&:il thickening, GGO, pe-
10/28/M Nonspecific + PAA
11/37/M Hemoptysis + PAA +PAT, subpleural nodule, atelectasis
12/31/M Dyspnea + PAA
13/26/F Hemoptysis + PAA+PAT, atelectasis, subpleural nodule, peripheral consolidation
14/46/F Chest pain + PAA, mosaic attenuation, subpleural nodule, peripheral consolidation
15/34/F Dyspnea + PAT, cavity, GGO
16/53/M Dyspnea + PAA
17/50/F Hemoptysis + PAA, GGO
18/59/F Dyspnea + PAA, peripheral consolidation, mosaic attenuation, GGO
19/60/M Dyspnea, chest pain + PAA, peripheral consolidation, atelectasis
20/22/M Dyspnea, fever + PAA, SVC and jugular vein thrombosis, atelectasis
21727/M Hemoptysis + Multiple PAA, GGO, peripheral consolidation, ICT, cavity
22/43/M Dyspnea . PAT, SVC and brachiocephzz)iz’vairll :;ira(;rilsbosis, peripheral consolida-
23/27/M Hemoptysis + Multiple PAA, peripheral consolidations
24/53/F Hemoptysis N PAT, mosaic attenuation, SVC, and ‘t?ilateral brachiocephalic vein
thrombosis

25/38/M Hemoptysis + PAT, GGO, cavity
26/35/F Hemoptysis + Multiple PAA, peripheral consolidation, cavity

GGO: ground-glass opacity, ICT: intracardiac thrombus, PAA: pulmonary artery aneurysm, PAT: pulmonary artery thrombosis, SCA: subclavian artery, SVC: superior vena cava.

| q
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Fig. (5). Axial CT image of a 38-year-old man with hemoptysis revealing peripheral cavitary lesions that evolved from subpleural hemor-
rhage. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). Axial CT image of 40 -year-old man with hemoptysis
showing intracardiac thrombus at the right ventricle confirmed
with cardiac MR imaging (arrow). (4 higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

Fig. (7). A 22-year-old man with dyspnea and fever. Axial CTA im-
ages demonstrating SVC thrombosis with collateral venous vessels
in the mediastinum and the posterior chest wall (arrow). (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

Table 3. Comparison of BA parameters between the groups
with PAI and non-PAI

- PAI (n=24) Non-PAI (n=11) p value
Age (mean+SD) 39.6£11.5 44.3+14.3 0.31
Number of BAs L:2 (1-5) L:1(1-2)
(median, min-- 0.54
max) R:1(1-5) R:1(1-5)
Diameter of BAs
(median,min-- 1.66 (0.70-7.96) 1.32(0.70-3.54) 0.02
max)
Frequency of hy-
pertrophied BAs 41.7% 18.2% 0.16
(%)

BA: bronchial artery, PA: pulmonary artery, PAIL: pulmonary artery involvement

ness. Our results also illustrated a high rate of thoracic find-
ings. This result may be because symptomatic cases are usu-
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ally referred to the chest disease hospital where the study
was conducted. Indeed, 81% of our patients showed pulmo-
nary symptoms higher than that reported in previous studies
[14, 15].

Among the various thoracic findings, PAI was the most
prevalent in the present study. It is a cause of increased mor-
tality and PAA is a typical manifestation of pulmonary in-
volvement [2]. The underlying pathophysiological process
of PAA is inflammation of the vasa vasorum in the tunica
media, which destroys the elastic fibers of the media and
causes dilatation of the lumen. PAA is not, however, the on-
ly form of PAI in BD [15]. PAT can also be detected in up
to one-third of patients at presentation, which is in situ
thrombosis rather than emboli [16]. Tunaci et al. claimed
that PAT developed during the PAA regression process [17].
However, it remains controversial whether PAA precedes
PAT.

PAA may be single or multiple, unilateral or bilateral,
fusiform or saccular, and they are located in the main pulmo-
nary arteries, lobar and segmental branches [1]. Tunaci et
al.reported that PAA occurred mostly in the lobar arteries
followed by the main pulmonary arteries [17]. PAI was de-
tected mostly in peripheral PA branches in our series; in
77% of our patients, PAI was observed in the segmental-sub-
segmental branches. Advances in imaging techniques proba-
bly enabled us to identify more cases of involved peripheral
PAs. In addition, PAI was predominant in the descending
branches of pulmonary arteries, mostly bilateral and multi-
ple; this finding was in accordance with the results of previ-
ous studies [15, 18].

In our series, peripheral small PAAs looked like pulmo-
nary nodules in three patients. After reviewing the CTA im-
ages in more detail with reformatted images, they were rec-
ognized as fusiform PAAs. The lesions opacified with the
contrast medium and showed continuation with PA branch-
es. Because they were considered pulmonary nodules, these
lesions were unnecessarily followed with CT scans and
sometimes even with PET-CT for malignancy. Identification
and reports of peripheral PAAs have increased recently ow-
ing to advances in diagnostic imaging modalities such as CT
and MRI, but to our knowledge, this is the first study to re-
port peripheral PAAs for BD [19-21]. Multidetector CT tech-
nology yields high-resolution angiographic studies comple-
mented by high-quality reformatted images allowing the
identification of the origin and course of the pulmonary ar-
teries. Furthermore, CTA provides information regarding
the size and location of the aneurysm as well as thrombus
within the aneurysm which is useful in determining the need
for intervention and optimum surgical approach [20, 22].

One patient showed multiple small branching opacities
such as tree-in-bud, which were confirmed as small aneurys-
matic dilatations of subsegmental PA branches on the refor-
matted images. This finding was previously reported and ac-
cepted as pulmonary involvement of the disease [23]. Suspi-
cion of peripheral small PAA was low among radiologists,
which was overlooked by the reporting radiologist and de-
tected in retrospective or follow-up studies. We, therefore,
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believe that small peripheral PAAs can look like pulmonary
nodules or vascular tree-in-bud and require meticulous con-
sideration for PAIL. This aspect should be highlighted in nod-
ules’ follow-up criteria. Further studies are needed to con-
firm our results.

In our series, PAI was significantly correlated with
parenchymal lesions and cardiovascular findings such as
SVC thrombosis and intracardiac thrombus. Seyahi and
Takeno et al. considered that parenchymal lesions, intracardi-
ac filling defects, and pleural-pericardial effusion were more
specific to PAI because they were rarely observed in pa-
tients without PAI [24, 25].

Isolated pulmonary parenchymal lesions without obvi-
ous PAA and PAT were considered as a microscopic vascu-
lar disease [26]. However, the pathological correlation of the
parenchymal changes has been reported only in a few cases
[27, 28]. Several studies have investigated the role of lung
scintigraphy in patients with BD and suggested that micro-
vascular changes could be shown with scintigraphic tech-
niques even in the early stage of BD [29, 30].

We also demonstrated that the PAI group had a larger di-
ameter of BAs and more frequent dilated BAs than the non--
PAI group. Elevated PA pressure was noted in some patients
with PAI and dilated BAs. Esatoglu et al. reported nine pa-
tients with PAI who had recurrent hemoptysis during the fol-
low-up period but no relapse of PAI. The authors explained
this observation with BA enlargement and showed effective
treatment with embolization [31]. Kizildag et al. showed a
close relationship between PAI and hypertrophied BAs [32];
they emphasized that dilated BAs were valuable clues for di-
agnosing PAI. Our results suggest that in cases of PAI, dila-
tation of BAs may be secondary to vasculitis of PA rather
than being an outcome of vasculitis. We also assume that di-
lated BAs may indicate increased PA pressure in patients
with PAT; hence, we propose investigating pulmonary hyper-
tension in such patients. Furthermore, our results suggest
that this finding is important in cases of hemoptysis that are
nonresponsive to immunosuppressive treatment.

This study’s major limitation was the retrospective study
design. CT scanners and examination protocols were not uni-
form. The number of patients was small in BA investigation,
particularly in subgroup analysis. Studies with larger cohorts
are required to support our results. Furthermore, we mainly
focused on CT findings of PAI. Consequently, we could not
correlate cardiac and vascular findings with other imaging
modalities such as echocardiography and MR imaging.

CONCLUSION

In conclusion, the present study provided a detailed de-
scription of CT characteristics of PAI in patients with BD.
The involvement of peripheral PAs is being detected more
frequently than previously with advances in CT technology.
Small peripheral PAAs can resemble pulmonary nodules. Di-
lated BAs are observed along with PAI and this condition
should be considered in patients with nonresponsive hemopt-
ysis.
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