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summary
Behçet’s disease (BD) may affect female reproductive vasculature. We aimed to evaluate Doppler sonographic 
characteristics of female reproductive vasculature and also ovarian volume, endometrial thickness (EMT) and 
antral follicle count of BD patients in comparison with a healthy control group.
Seventeen premenopausal women aged between 18-45 years with BD, and a control group of 31 age- and body 
mass index-matched healthy women was included in the study. Uterine, spiral and intraovarian artery blood 
flow were examined by Doppler sonography in the late follicular phase. Resistance index, pulsatility index and 
systolic/diastolic ratio were recorded together with ovarian volume, EMT and antral follicle count. In particular 
this is a pilot study including the evaluation of the spiral and uterine arteries in BD.
Doppler sonographic parameters, ovarian volume, EMT and antral follicle count of BD patients and healthy 
controls were not found to be statistically different. 
As a result of our analysis, we found similar Doppler sonographic features of both BD patients and the control 
group. Further studies conducted on a larger sample population with more aggressive BD symptoms may reveal 
the actual effect of BD on the female reproductive system.
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n	 INTRODUCTION

Behçet’s disease (BD) is an inflamma-
tory disorder of unknown cause, char-

acterized by recurrent oral and/or genital 
aphthous ulcers accompanied by cutane-
ous, ocular, articular, gastrointestinal, and/
or central nervous system inflammatory 
lesions (1). Apart from genital aphthous 
ulcers, BD can cause ovarian vein throm-
bosis (2), placental necrotizing vasculitis, 
decidual villitis (3), and diminished ovar-
ian reserve (4) in the female reproductive 
system. BD may have an impact on the 
female reproductive vasculature since BD 
vasculitis can also affect arteries or veins 
(5). In the female reproductive system, the 
availability of an adequate vascular supply 

provides endocrine and paracrine signals 
which may play a key role in the regulation 
of follicle growth (6), while placental vas-
culature is also related to preeclampsia and 
intrauterine growth retardation (7). There-
fore, BD can lead to infertility or unfavor-
able pregnancy due to vascular or structural 
changes in the female reproductive system. 
On the basis of the limited bulk of data 
available so far, BD was not found to trig-
ger these outcomes (8, 9). Nevertheless, 
there is not sufficient and detailed research 
evidence on how BD affects the female re-
productive vasculature. In this study, we 
aimed to evaluate simultaneously uterine, 
spiral and intraovarian artery Doppler velo-
cimetry characteristics in comparison with 
the control group. Also, we examined ovar-
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ian volume, endometrial thickness (EMT) 
and antral follicle count (AFC) of BD pa-
tients versus controls.

n	 MATERIALS AND METHODS

Participants 
In this study, we prospectively enrolled 
17 premenopausal women aged between 
18-45 years with BD from the Outpatient 
Rheumatology Clinic between June 2013 
and June 2014. All the participants with 
BD fulfilled the 1990 Criteria for the diag-
nosis of the disease (10). 
The exclusion criteria were menopause, 
current pregnancy, hypothalamo-pituitary-
gonadal axis dysfunction, use of a hor-
monal contraceptive in the previous six 
months, gynecological surgery, gyneco-
logical cancer, presence of an additional 
auto-immune disease, pelvic inflammatory 
disease, cardiovascular disease, diabetes 
mellitus, polycystic ovary syndrome, use 
of medications affecting the vasculature, 
such as antihypertensive and cardiovascu-
lar drugs. 
This patient population was compared with 
a control group of 31 age- and body mass 
index (BMI)-matched healthy women. The 
study was approved by the local Ethics 
Committee and all women participating in 

the study gave their written informed con-
sent. 
The study was performed in accordance 
with the Declaration of Helsinki.
All the participants underwent a detailed 
evaluation after enrollment. The medical 
history of the patients related to BD includ-
ing organ involvement, past and current 
treatments, disease duration were recorded 
from from an electronic database. In ad-
dition, anthropometric measurements of 
participants including height, weight were 
recorded and their BMIs were calculated as 
kilograms per square meter. For each par-
ticipant, blood pressure was measured af-
ter a 15-min rest with an automated digital 
sphygmomanometer (Omron Healthcare, 
Kyoto, Japan) in supine position and the 
average of the measurements from both 
arms was included in the analyses. 
As a part of the evaluations, blood samples 
of the subjects were taken between 08:00 
and 09:00 am after an overnight 12-h fast-
ing period during the early follicular phase 
(Day 2-5).
These blood samples were later tested for 
glucose, insulin, follicle stimulating hor-
mone (FSH), luteinizing hormone (LH), 
estradiol, testosterone, sex hormone bind-
ing globulin (SHBG), dehydroepiandros-
teronesulphate (DHEAS).

Table I - Clinical and biochemical features of patients with Behçet’s disease and healthy controls.

Behçet’s disease  
patients (n=17)

Controls 
(n=31)

p

Age (years) 35.6±6.6 34.0±5.7 0.39

BMI (kg/m2) 27.62±4.9 27.60±2.97 0.78

Smoking n (%) 6 (35.2) 5(23.1) 0.67

Systolic BP (mmHg) 113.00±14.88 118.58±11.88 0.36

Diastolic BP (mmHg) 76.15±7.08 78.83±8.10 0.35

TSH (µU/mL) 1.22±0.53 1.62±0.88 0.19

FSH (IU/L) 6.89±3.29 6.94±3.19 0.97

LH (IU/L) 5.32±2.99 5.54±1.97 0.48

Estradiol (pg/mL) 76.60±67.8 55.60±26.91 0.88

Testosterone (ng/dL) 23.61±9.85 27.97±12.75 0.67

DHEAS (µg/dL) 152.14±100.94 170.95±113.78 0.23

SHBG (nmol/dL) 56.67±28.89 58.08±24.30 0.73

BMI, body mass index; BP, blood pressure; TSH, thyroid stimulating hormone; FSH, follicle stimulating hormone; 
LH, luteinizing hormone; DHEAS, dehydroepiandrosteronesulphate; SHBG, sex hormone binding globu
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Doppler ultrasonographic evaluation
Firstly, our pilot study evaluated the spiral 
and uterine arteries in BD.
The evaluation of the patients and the con-
trol group was performed by standard B-
mod transvaginal ultrasonography and col-
or Doppler ultrasonography in the morning 
(8:00-10:00 a.m.) during the late follicular 
phase (Day 5-8, after the menstrual bleed-
ing). Uterine, spiral (subendometrial), and 
intra-ovarian arteries were visualized using 
the color Doppler technique. All ultrasono-
graphic evaluations were conducted by one 
individual experienced physician (O.T.) 
who had no prior information about the 
patients, using a Siemens Acuson Antares 
scanner with 7 MHz conventional gray-
scale endovaginal probe in the lithotomy 
position with empty bladder. 
Doppler ultrasounds, both in the color 
and the spectral modes, had a frequency 
of 5 MHz. The high-pass filter used in the 
uterine artery was 125 Hz, whereas for 
the intraovarian and spiral artery it was 
50 Hz. The setting was adjusted to ensure 
the highest sensitivity for the low velocity 
flow, pulse repetition frequency was 0.5-
1.2 kHz, color Doppler gain was reduced 
until all color artifacts disappeared. Pulsed 
Doppler signals were obtained using the 
1-2 mm volume cursor. Uterine, spiral and 

intra-ovarian arteries resistance indexes 
(RI), pulsatility indexes (PI) and systolic/
diastolic ratio (S/D) were measured at this 
stage. The details of the data analysis with 
intra-observer reliability were as previous-
ly described (11).
For all participants, ovarian volume and 
morphology were evaluated in both ovaries. 
Endometrial thickness (mm) was measured 
at the thickest point along the sagittal plane 
(double layer), while ovarian volume (cm3) 
was estimated by using a formula (length x 
width x height x 0.523). The mean volume 
was calculated and considered for further 
analysis. Lastly, ovarian morphology was 
assessed by counting the number of antral 
follicles with a diameter between 2-9 mm 
considered to be in the AFC. We also cal-
culated the sum of antral follicles in both 
ovaries (total number of follicles in both 
ovaries).

Assays
Fasting plasma glucose (FPG) was mea-
sured with the glucose oxidase method 
(Olympus AU 2700, Olympus America 
Inc., Melville, NY, USA). 
Insulin levels were measured with the 
immunoradiometric assay method (Dia-
source, Louvain, Belgium). FSH, LH, es-
tradiol, testosterone, SHBG and DHEAS 

Table II - Doppler sonographic findings of Behçet’s disease patients and controls.

Behçet’s disease  
patients (n=17)

Control 
(n=31)

P

Endometrial thickness (mm) 7.54±1.54 7.12±1.81 0.46

Spiral artery PI 1.08±0.33 1.25±0.47 0.26

Spiral artery RI 0.58±0.13 0.63±0.12 0.29

Spiral artery S/D 2.72±0.92 3.05±1.07 0.31

Intraovarian artery PI 0.83±0.24 0.93±0.30 0.25

Intraovarian RI 0.51±0.15 0.54±0.10 0.64

Intraovarian S/D 2.07±0.46 2.31±0.62 0.71

Uterine artery PI 2.41±0.71 2.38±0.62 0.90

Uterine artery RI 0.83±0.05 0.82±0.09 0.64

Uterine artery S/D 6.89±2.75 6.49±3.09 0.69

Antral follicle count 12.92±3.95 12.90±3.51 0.98

Low antral follicle count (n) 4 4 0.22

Mean ovarian volume (mm3) 7.67±2.44 6.87±2.78 0.44

PI, pulsatility index; RI, resistive index; S/D, systole/diastole ratio.
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were measured by UniCelDxl 600 Acces 
Immunoassay System (Beckmann Coulter, 
Florida, USA). 

Statistical analyses
Statistical analyses were carried out using 
SPSS Version 17.0 (SPSS Inc., Chicago, 
IL, USA). In order to determine whether 
the data is normally distributed, the Kol-
mogorov-Smirnov test was performed. In 
addition, the comparison of continuous 
variables between patients and controls was 
done by using Student t test and/or Mann-
Whitney u test depending on the normality 
of the distribution. The comparison of the 
categorical variables was performed by us-
ing the Chi-square test. Correlation analy-
ses were performed by using Spearman/
Pearson correlation tests. The results were 
expressed as mean ± standard deviation or 
median (min-max) when appropriate and 
p<0.05 was considered to be statistically 
significant. 

n	 RESULTS

Subjects
The clinical and biochemical features of the 
participants are reported in Table I. Accord-
ing to our results, no difference emerged 
between BD patients and controls regard-
ing demographic, anthropometric features, 
and hormonal analysis. None of the BD pa-
tients was infertile. Also, menstrual cycles 
were irregular in 2 BD patients (in one the 
cycle was <26 days, whereas in the other it 
was >35 days). On the contrary, all controls 
had regular menstrual cycles and 9 of them 
were nulliparous. 

Doppler sonographic findings 
and hormones
Doppler sonographic findings of the par-
ticipants are reported in Table II. Doppler 
sonographic parameters, ovarian volume, 
EMT and antral follicle count of BD pa-
tients and controls were not found to be 
statistically different.

Behçet’s disease patients’ disease features
Median disease duration at the time of re-
cruitment was 30 (7-324) months. Evalu-

ations show that all patients had oral aph-
thous ulcers. Genital ulcers were present 
in 64.7% (11/17), erythema nodosum 
in 58.8% (10/17), pathergy positivity in 
29.5% (5/17). Also, 2 patients reported a 
history of arthritis, while 3 patients had a 
history of organ involvement. One patient 
had posterior uveitis, 1 patient had neu-
rological parenchymal involvement and 1 
patient had posterior uveitis, pulmonary 
artery aneurism and neurological paren-
chymal involvement. These three patients 
with systemic involvement were in remis-
sion. Their medical therapies consisted of 
colchicine (92.8%), azathioprine (14.2%), 
steroids (14.2%), hydroxychloroquine 
(7.1%), sulphasalazine (7.1%) and metho-
trexate (7.1%) at the time of recruitment. 
Two patients had also a history of cyclo-
phosphamide treatment.

n	 DISCUSSION

BD is a multisystemic vasculitis and is gen-
erally known to affect the female reproduc-
tive system with genital aphthous ulcers 
and their associated sequelae (1). In this 
study, we investigated the female repro-
ductive vasculature, which may be related 
to ovarian reserve, pregnancy outcome and 
fertility in BS patients. To our knowledge, 
no other study in the literature investigated 
uterine, spiral and intra-ovarian arteries all 
together. Also, this is the first pilot study 
that evaluated the spiral and uterine arter-
ies in BD. We found that women with BD 
had similar Doppler sonographic charac-
teristics of uterine, spiral and intra-ovarian 
arteries compared to control women. Ad-
ditionally, ovarian volumes, AFC, EMT 
and serum levels of reproductive hormones 
were not different between BS patients 
and controls. The endometrial blood flow 
as shown by the spiral artery may have an 
important role in endometrial receptivity. 
Accordingly, in a study, both pulsatility 
and resistance indexes of the spiral artery 
were found to be significantly higher in the 
infertile study group than in the fertile con-
trol group (12). Also, the spiral artery S/D 
ratio was lower in the patients who had a 
pregnancy compared to those who did not 
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(13). In our study, no significant difference 
was found in the Doppler sonographic pa-
rameters of the spiral artery between BD 
patients and controls.
In the literature the intra-ovarian blood 
flow in the early follicular phase of spon-
taneous cycles is reported to be related to 
the ovarian follicular response (14). Lower 
PI values revealing an increased blood flow 
were detected in the ovarian artery imply-
ing the presence of an improved supply of 
oxygen, nutrients, hormones and growth 
factors (15). Likewise, in another study, 
infertile patients had higher PIs in the ovar-
ian arteries compared to controls (16). Also 
both ovarian artery pulsality and resistance 
indices were found significantly lower in 
good responders in in-vitro fertilization 
treatments (17). Only one study published 
in the literature analyzes ovarian artery 
Doppler sonography in BD. In that study, 
Cil et al. found that the ovarian artery Dop-
pler sonographic characteristics did not 
show any significant difference compared 
with controls (18). Also, hormonal param-
eters and ovarian volumes were similar 
between BD patients and controls. In our 
study, ovarian artery velocitometry param-
eters were not significantly different be-
tween BD patients and controls.
Uterine artery velocimetry indexes, such 
as RI, PI and S/D, are usually important 
in pregnancy (19, 20), but they were con-
sidered also valuable in the assessment of 
endometrial receptivity (21). Our results 
revealed that uterine artery Doppler param-
eters were similar to controls. 
EMT is one of the predictors for fertiliza-
tion. A thin endometrium defined as EMT 
≤7 mm (22) is known to adversely affect 
reproductive performance (23). In in vitro 
fertilization, a trend towards lower ongoing 
pregnancy and living birth rates for women 
with EMT ≤7 mm was observed and the 
probability of clinical pregnancy for an 
EMT ≤7 mm was significantly lower com-
pared with cases with EMT >7 mm (24). In 
this study, 37.5 % (6/16) of our BS patients 
and 50% (16/31) of controls had EMT <7 
mm, but no statistically significant differ-
ence was found between the patients with 
EMT <7 mm.

AFC was related to the ovarian reserve and 
aging (25). AFC lower or equal to 10 is 
accepted as low and associated with a di-
minished ovarian reserve (26). In our study, 
25.0% of BD patients (4/16) and 12.0% of 
controls (4/31) had low AFC, but this dif-
ference proved to be significant. With a 
similar approach, Mont’Alverne et al. have 
recently analyzed the ovarian reserve in 10 
BD patients, determining anti-mullerian 
hormone (AMH) levels, ovarian volumes, 
AFC and hormonal parameters (4). They 
found no difference for ovarian volume, 
AFC and hormonal parameters like in our 
study except for AMH levels, which were 
significantly lower in BD patients. They 
suggested that BD patients may have a di-
minished ovarian reserve. 
As an aside, the ovarian volume was also 
accepted as one of the markers of ovar-
ian reserve and is known to decrease with 
aging (27). We did not detect any differ-
ence between ovarian volumes of BD pa-
tients and controls like Cil et al. (18) and 
Mont’Alverne et al. (4). 
There are several limitations in our study. 
First of all, unfortunately, our study includ-
ed a relatively small number of patients, 
but it is a pilot study evaluating the spiral 
and uterine arteries in BD. Secondly, BD 
patients had a mild clinical picture; only 
3 patients had systemic involvement other 
than muco-cutaneous symptoms and 1 pa-
tient has vascular involvement. In a group 
of patients with more aggressive systemic 
and vascular involvement, vascular chang-
es in female reproductive system might be 
more apparent. 

n	 CONCLUSIONS

In conclusion, patients with BD seem to 
have similar Doppler sonographic features 
of the female reproductive system com-
pared with controls. Further studies of a 
larger number of patients and focusing on 
patients with more aggressive BD clinical 
symptoms may be beneficial to reveal the 
actual effect of BD on the female reproduc-
tive system.
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