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Introduction

Behcet’s disease (BD) is an inflammatory disease 
with unknown origin, first described by the Turkish 
dermatologist, Hulusi Behcet [1]. BD characterized by 
recurrent oral aphthous lesions, genital ulcerations and 
uveitis and might also present with cardiovascular, nerv-
ous, gastrointestinal and urogenital manifestations. The 
prevalence of the cardiovascular involvement in BD has 
been documented up to 40% [2]. Many cases present vas-

cular complications, venous (14-40% of cases) and/or ar-
terial (0.5%-17% of cases) [2]. The association between 
endothelial injury and atherosclerosis, a chronic inflam-
matory condition characterized by the changes in the 
arterial wall, has been well established [3,4]. Although 
exact mechanisms that cause arterial involvement is not 
clearly understood, many studies have proposed that en-
dothelial dysfunction (ED) secondary to vasculitis might 
play a vital role in the development of the cardiovascular 
manifestations of BD and many other systemic inflam-
matory diseases as well [5-9]. Since early diagnosis of 
the arterial changes is crucial to prevent cardiovascular 
complications, different diagnostic methods, including 
flow-mediated dilatation (FMD), carotid intima-media 
thickness (CIMT), ankle-brachial pressure index (ABPI) 
and pulse wave velocity (PWV) measurements have been 
investigated by many researchers to detect subclinical 
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(3.72±0.94 m/s) and left (3.57±0.72 m/s) CCA wall stiffness of the patients were significantly higher compared to the mean 
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atherosclerosis in BD [10,11]. Despite many promising 
results regarding these methods in the diagnosis of sub-
clinical atherosclerosis, controversial results have also 
been reported [12-15].

Shear wave elastography (SWE) is a novel elasto-
graphic method, which quantifies the elasticity of struc-
tures by tracking shear waves that pass through tissues 
[16]. SWE differs from strain elastography by its ability 
to yield quantitative and less-operator dependent infor-
mation regarding tissue stiffness. The feasibility and ef-
fectiveness of SWE in the diagnosis of various patholo-
gies of many organs have been demonstrated including 
liver, breast, nerves, thyroid, testes, and soft tissue le-
sions [16-20]. Recently, vascular applications of SWE 
have been a topic of interest. Studies with promising re-
sults have been reported regarding the utilization of SWE 
in the evaluation of vessels [21-26]. 

In this study, we evaluated the common carotid artery 
(CCA) stiffness in BD patients with SWE in order to as-
sess whether SWE might be a feasible and efficacious 
tool to detect early changes in the arterial wall in BD.

Materials and methods

The local Ethics Committee approved this prospec-
tive study, which was conducted between August 2017 
and February 2018. This study was carried out accord-
ing to the ethical principles of the Declaration of Hel-
sinki. Informed consents were obtained from all patients. 
Patients with BD who fulfilled the international Behcet 
study group criteria [27] and age/sex-matched healthy 
controls were included in the study. Exclusion criteria 
were the followings: presence of diabetes mellitus; his-
tory of stroke or myocardial infarct; current or former 
smoking; presence of hypertension (defined as systolic 
blood pressure >140 mm Hg and diastolic blood pressure 
>90 mm Hg); obesity (defined as BMI > 30 kg/m2); preg-
nancy; using hormone replacement drugs, lipid-lowering 
drugs, antihypertensive drugs and steroids; presence of 
renal or liver disease; presence of autoimmune disease 
rather than BD; having abnormal lipid profiles (defined 
as total cholesterol or triglyceride levels in fasting plas-
ma >240 mg/dl and >160 mg/dl, respectively); having 
cardiovascular involvement of BD (expect vascular in-
volvement in central nervous system). Additionally, all 
BD patients should have an active disease to be included 
in the study. Active disease was defined as having two or 
more of the following symptoms or manifestations: oral 
aphthous ulcers, genital ulcers, skin lesions, eye involve-
ment, neurological involvement and involvement of oth-
er systems. The healthy control group also had the same 
exclusion criteria with BD patients. To perform subgroup 

analysis, BD patients were subgrouped as patients with 
central nervous system involvement, namely Neuro-
Behcet’s disease (NBD), and patients without central 
nervous system involvement. Using standard laboratory 
methods, C-reactive protein (CRP) was measured from 
fasting blood samples of all subjects.

CIMT and SWE measurements
A single radiologist performed all CIMT and SWE 

measurements (E.S.M.D, 5 years of ultrasound and SWE 
experience). Patients were lying in a comfortable supine 
position during the examination and were asked to slight-
ly extend and turn their head to the contralateral side of 

Fig 1. SWE examination of a 40-year-old female with 
known BD. The observer carefully drew ROI onto the 
superficial wall of the CCA ensuring not to include 
vessel lumen or surrounding tissue within ROI. Also 
note the shear wave mapping inside the vessel is an 
artifact caused by reverberation from the vessel wall 
and layers structure.

Fig 2. Carotid SWE image of a 38-year-old healthy 
female shows lower stiffness value compared to the 
patient with BD in figure 1.
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the examined CCA. All examinations were performed 
with the same ultrasound unit (Aplio 500; Toshiba Medi-
cal Systems Co, Ltd, Tokyo, Japan) with a SWE appli-
cation using a high-frequency linear transducer (7-14 
MHz). First, longitudinal images of the carotid system 
were obtained at the late diastolic phase. CIMT meas-
urements were performed from the posterior wall of the 
CCA approximately 10 mm proximal to the initiation of 
the carotid bulb. The zoom levels were adjusted accord-
ing to the comfort of the operator during examinations. 
Subsequently, the same operator performed SWE exam-
ination of the CCA at the same session. The SWE ex-
aminations were performed from the superficial wall of 
the CCA within 1-4 cm proximal to the carotid division. 
First, the observer captured longitudinal images of the 
CCA at the end of diastole. Second, the observer placed 
a q-Box over the CCA and then manually drew a region 
of interest (ROI) onto the anterior wall of the CCA. The 
ROIs were precisely drawn onto the carotid wall avoid-
ing vessel lumen or surrounding tissue. The operator per-
formed five valid measurements for each CCA, and the 
average values of these measurements were accepted as 
the mean value. All of the SWE measurements were re-
corded as shear wave velocities (SWV) using m/s as unit. 
All data were recorded in our local picture archiving and 
communication system (Extremepacs, Ankara, Turkey). 
Figure 1 demonstrates a SWE measurement of a patient 
with BD and figure 2 demonstrates a SWE measurement 
of a healthy control.

Statistical analyses 

Statistical analyses were performed using the SPSS 
software version 21. The variables were investigated us-
ing visual (probability plots and histograms) and analyti-
cal methods (Kolgomorov-Smirnov/Shapiro-Wilk’s test) 

to detect whether or not they were normally distributed. 
Descriptive analyses were presented using means and 
standard deviations for the numerical variables. Since 
the measured CIMT and SWE values were not normally 
distributed, non-parametric tests were conducted to com-
pare these parameters. The Chi-square test or Fisher’s 
exact test (when chi-square test assumptions do not hold 
due to low expected cell counts) was used to compare 
categorical variables. While investigating the associa-
tions between non-normally distributed variables, the 
correlation coefficients and their significance were calcu-
lated using the Spearman test. A p value of less than 0.05 
was considered to show a statistically significant result

Results

Finally, a total of 34 patients and 28 healthy con-
trols were enrolled in the study. No significant differ-
ences were observed between the two groups regarding 
age, sex, BMI, diastolic and systolic blood pressure. 
The mean CRP value of the patients (9.36±2.32 mg/l) 
was significantly higher than the mean CRP value of the 
healthy controls (0.6±0.36 mg/l) (p<0.001). The mean 
right (0.5±0.11 mm) and left (0.5±0.14 mm) CIMT of the 
patients were significantly higher compared to the mean 
right (0.41±0.07 mm) and left (0.41±0.11 mm) CIMT of 
the healthy controls (p=0.001 and p= 0.003 respective-
ly). The mean right (3.72±0.94 m/s) and left (3.57±0.72 
m/s) CCA wall stiffness of the patients were significantly 
higher compared to the mean right (2.42±0.49 m/s) and 
left (2.56±0.49 m/s) CCA wall stiffness of the controls 
(p<0.001 for both). Table I demonstrates the demograph-
ics, clinical, CIMT and carotid SWE findings of patients 
with BD and healthy controls and the results of univari-
able analyses. No correlation was observed between the 
left CCA stiffness and CIMT (p=0.12 for patients and 

Table I. Baseline characteristics, Shear Wave Elastography and carotid intima-media thickness parameters of patients with Behcet’s 
disease and control group 

Behcet’s Disease Healthy controls Univariatep-value
Age 40.38±10.39 36.28±8.26 0.064
Sex (M:F) 18:16 15:13  0.36
BMI (kg/m2) 25.29±1.84 24.44±1.38 0.24
Systolic blood pressure (mmHg) 129.76±7.31 127.67±6.70 0.11
Diastolic blood pressure (mmHg) 77.47± 6.65 75.10±5.8 0.094
CRP (mg/l) 9.36±2.32 0.6±0.36 < 0.001
Right CIMT (mm) 0.5±0.11 0.41±0.07 0.001
Left CIMT (mm) 0.5±0.14 0.41±0.11 0.003
Right CCA stiffness (m/s) 3.72± 0.94 2.42 ± 0.49 <0.001
Left CCA stiffness (m/s) 3.57±0.72 2.56 ±0.49 <0.001

*All values are expressed as mean±SD. M – male; F – female; SWE – Shear Wave Elastography; CIMT – carotid intima-media thickness; 
CRP – C-reactive protein: CCA – common carotid artery; BMI – body mass index
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p=0.24 for controls) and the right CCA stiffness and 
CIMT (p=0.79 for patients and p=0.97 for controls) 
measurements of patients and controls.

Among 34 patients, 15 were classified as NBD given 
the presence of central nervous system manifestations 
(13 patients had parenchymal and 2 patients had vascular 
involvement). When we compared BD patients without 
the neurological involvement and NBD patients no sig-
nificant difference was observed between two groups re-
garding age, CRP, BMI, duration of the disease, diastolic 
and systolic blood pressure. Moreover, no significant dif-
ference was observed between two groups regarding right 
CIMT (BD=0.48±0.10 mm, NBD=0.53±0.12 mm), right 
CCA wall stiffness (BD=3.62±1 m/s, NBD=3.85±0.86 
m/s), left CIMT (BD=0.48±0.11 mm, NBD=0.54±0.17 
mm) and left CCA stiffness (BD=3.53±0.85 m/s, 
NBD=3.62±0.54 m/s) (p>0.05). In table II are detailed 
the demographics, clinical, CIMT and carotid SWE find-
ings of patients with BD and NBD and results of univari-
able analyses as well.

Discussions

We found that both CIMT and the CCA wall stiffness 
were higher in BD compared to healthy controls. How-
ever, no correlation was observed between the CIMT and 
stiffness values. We also found no significant difference 
between patients with NBD and BD regarding the CIMT 
and the CCA wall stiffness.

Cardiovascular complications, especially complica-
tions secondary to the arterial involvement, in BD cause 
significant mortality and morbidity; thus, determination 
of the cardiovascular involvement at the preclinical stage 
has great importance for the prognosis. Besides imaging 
modalities, many markers have been investigated to de-
tect BD patients with increased susceptibility to future 

cardiovascular complications. Chambers et al [28] dem-
onstrated the role of oxidative stress in the pathophysiol-
ogy of BD by showing decreased levels of nitric oxide 
in BD patients. Moreover, further studies reported in-
creased levels of thrombomodulin, CRP, homocysteine, 
von Willebrand factor, thromboxane, oxygen-derived 
free radicals by neutrophils or asymmetric dimethylargi-
nine [28-34]. All aforementioned markers suggested the 
presence of endothelial dysfunctions and inflammation in 
BD, which might potentially enhance atherosclerosis and 
increase the arterial stiffness. 

The association between increased arterial stiffness 
and development of atherosclerosis has been well es-
tablished [35,36]. Increased arterial stiffness has been 
reported in various conditions including hypertension, 
stroke and heart failure [21,35,36]. Recently, the arterial 
stiffness in BD has become a favorite topic for analy-
ses and many studies have been conducted to predict 
early ED using different methods including PWV, FMD, 
ABPI [10,11,37]. Reduced FMD and increased PWV 
values, which reflect increased arterial stiffness, in BD 
have been documented by many studies [10,14,37,38]. 
We also found increased arterial stiffness in BD patients 
compared to healthy controls. However, some authors 
observed no difference between BD and healthy controls 
regarding arterial stiffness [13,15,16]. Yolbas et al [15] 
asserted that BD dominantly affects the venous system 
rather than the arteries and claimed that one might ex-
pect normal arterial stiffness indexes and CIMT values 
in BD since both parameters reflect arterial function and 
structure.

Increased CIMT is a well-known and accepted sur-
rogate marker for early atherosclerosis and ED as well 
[39-41]. Many authors have investigated CIMT of BD 
patients and reported increased CIMT [25,42,43]. We 
also found increased CIMT in BD compared to healthy 

Table II. Baseline characteristics, Shear Wave Elastography and carotid intima-media thickness parameters of Behcet’s Disease 
patients with and without neurological involvement.

Behcet’s Disease Neurobehcet’s Disease Univariate p-value
Age 41.23±10.27 39.33±12.83  0.69
BMI (kg/m2) 25.42±1.39 25.14±1.77 0.10
Duration of the disease (years) 7.758 (range 2-22) 10.73 (range 2-38) 0.7
Systolic blood pressure (mm Hg) 130.36±6.43 129±8.47 0.82
Diastolic blood pressure (mm Hg) 77.36± 6.43 75.10±5.8 0.74
CRP (mg/l) 9.32±2.35 9.40±2.37 0.91
Right CIMT (mm) 0.48±0.10 0.53±0.12 0.25
Left CIMT (mm) 0.48±0.11 0.54±0.17 0.47
Right CCA stiffness (m/s) 3.62±1 3.85±0.86 0.41
Left CCA stiffness (m/s) 3.53±0.85 3.62±0.54 0.47

*All values are expressed as mean±SD; SWE – Shear Wave Elastography; CIMT – carotid intima-media thickness; CRP – C-reactive pro-
tein: CCA – common carotid artery; BMI – body mass index
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controls. Contrary to aforementioned studies and our re-
sult, Rhee et al [44] and Seyahi et al [45] reported no 
difference between BD and healthy controls regarding 
CIMT. Additionally, Caldas et al [14] and Yolbas et al 
[15] also reported no difference between BD and healthy 
controls regarding CIMT. Caldas et al [14] claimed that 
the increased CIMT in BD patients reported in previ-
ous studies might have emerged due to the presence of 
traditional risk factors. Yolbas et al [15] contended that 
changes in the arterial wall might only be limited to the 
involved regions in BD. 

Regardless of the contrary results, the histopatho-
logical studies that evaluated the wall of the aorta and 
carotid artery in BD strongly support our findings. In-
tense infiltration of the media by inflammatory cells, loss 
of elastic fibers and proliferation of fibroblasts in the 
media were documented in the active stage, and fibrous 
thickening of the intima and adventitia in the chronic 
stage were observed in these studies [46,47]. It has been 
well established that increased fibroblast and fibrosis 
positively correlated with the stiffness values. Moreover, 
these changes could also explain the increased thicken-
ing of the arterial wall. Therefore, as we documented in 
our study, we suggest that BD patients have increased 
arterial stiffness and CIMT values, which might reflect 
the cardiovascular risk in BD. 

In contrast to techniques including FMD, ABPI and 
PWV that measure the circumferential elastic modulus 
of the arterial wall, the SWE assesses the longitudinal 
elastic modulus [22]. Thus, SWE allows operators to pre-
cisely obtain topographical description both in space and 
time of the arterial stiffness of the segment being studied; 
hence, it might yield superior information regarding vis-
coelastic properties of the arterial wall [22].

Our study group also composed of a considerable 
amount of BD patients with neurologic involvement, 
namely NBD. Two types of NBD have been described: 
parenchymal form, commonly involving brainstem, 
cerebral white matter and basal ganglia; and vascular 
form, involving the intracranial arteries and veins [48]. 
Recent radiological and histological studies have been 
demonstrated that the inflammation of the small veins is 
the main mechanism behind the parenchymal lesions in 
NBD [49,50]. Besides, studies that evaluated vertebral 
arteries with Doppler ultrasound and magnetic resonance 
angiography reported significant difference regarding 
flow pattern and diameter of vertebral arteries between 
BD and NBD patients and claimed that these changes 
might be associated with the inflammatory changes in the 
brain parenchyma [51,52]. We compared the CCA wall 
stiffness and CIMT of the BD and NBD patients, yet we 
found no significant difference.

We had several limitations in our study. First, we had 
a relatively small number of participants in our study. 
Second, we did not calculate the disease severity score 
of the patients; hence, we did not evaluate the correla-
tion between the arterial stiffness and disease severity 
scores of the patients. Third, we did not compare SWE 
with other methods including FMD and PWV. Therefore, 
we suggest that a comparative study of SWE, PWV and 
FMD in the evaluation of arterial stiffness in BD should 
be carried out in the future. Fourth, treatment status and 
regimens of the patient were not taken into account, 
which might affect CIMT and the CCA stiffness. Lack of 
interobserver variability calculation since only one ob-
server performed all examinations, and also lack of intra-
observer variability assessments should be also acknowl-
edged as other limitations of the study. Finally, we only 
evaluated stiffness of the carotid artery; thus, we suggest 
that future studies that measure the stiffness of different 
arteries, including the brachial and femoral artery, in BD 
should be conducted. 

In conclusion, we evaluated the CCA wall stiff-
ness of BD patients for the first time using SWE. We 
highlight that SWE seems to be a promising modality 
to assess endothelial dysfunction in BD by interpreting 
the arterial stiffness and SWE might be an important 
adjunct to clinical and laboratory findings and imaging 
modalities to evaluate cardiovascular risk in BD. We 
also emphasize that SWE evaluation of the arterial stiff-
ness might assistus to understand the pathophysiological 
aspects of BD.
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