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Purpose: The aim of the study was to evaluate the effect of clomiphene citrate on uterine artery
blood flow using pulsed Doppler and endometrial and subendometrial micro vascularization
using 3D power Doppler in unexplained infertility.

Patients and methods: In a prospective observational study at a university teaching hospital,
the mid-luteal (peri-implantation) endometrial thickness and volume, uterine artery pulsatility
index (PI) and resistance index (RI), endometrial and subendometrial vascularization index (VI),
flow index (FI), and vascularization flow index (VFI), and serum estradiol and progesterone
levels were compared between natural and clomiphene citrate stimulated cycles in the same
group of 50 patients with unexplained infertility. Statistical analysis was done using paired 7-test
to compare different study variables.

Results: The primary outcome, which was the endometrial flow index, was significantly
lower in the stimulated cycles (mean £ SD: 23.8917.96 vs 27.49+8.73, mean difference
(95% CI): =3.6 (-2, =5.9); P=0.03). The mean *+ SD of endometrial thickness (10.92+3.04
vs 12.46£3.08 mm; P=0.01), volume (4.57£1.28 vs 5.26£1.32 cm®; P=0.009), endometrial
VI (0.8620.15 vs 0.95%+0.21%; P=0.02), VFI (0.25£0.08 vs 0.31+0.12; P=0.004), suben-
dometrial VI (1.9320.68 vs 2.26%%0.75%; P=0.02), FI1 (26.8119.16 vs 30.7319.87; P=0.04),
and VFI (0.68%0.18 vs 0.79+0.21; P=0.006) were significantly lower in the stimulated
cycles. However, there were no significant differences in the uterine artery PI (P=0.12) and
RI (P=0.08) or serum estradiol (P=0.54) and progesterone (P=0.37) levels between natural
and stimulated cycles.

Conclusion: Peri-implantation endometrial perfusion is significantly lower in clomiphene citrate
stimulated cycles when compared to natural ones in patients with unexplained infertility.
Keywords: subendometrial blood flow, 3D power Doppler, endometrial blood flow, uterine
artery Doppler

Introduction

Unexplained infertility still constitutes a considerable percentage of infertility (up
to 30%)." It is usually a diagnosis made in couples in whom the standard investiga-
tions provide adequate sperm production, evidence of ovulation, and patency of
Fallopian tubes after 12 months of attempting conception or after 6 months in women
aged =35 years.?

Blood flow to the uterus changes cyclically.’ It has been considered that good
blood supply to the endometrium is an essential requirement for normal implanta-
tion.* Therefore, there has been increasing interest in assessment of this perfusion
as a method of prediction of endometrial receptivity. Some studies correlated lower
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uterine blood flow indices to fertility outcome in IVF (in
vitro fertilization) cycles,>® and intrauterine insemination
cycles.’

Goswamy et al'® first suggested that decreased uterine
blood flow may be a cause of infertility. Thereafter, some
studies suggested affection of uterine blood flow in unex-
plained infertile cases.>*!!!2

Clomiphene citrate remains a first-line therapy for ovu-
lation induction.!® It can be used in unexplained infertile
cases for ovarian stimulation, especially in combination with
intrauterine insemination cycles.'

Although clomiphene citrate has been the most prescribed
of all the fertility medications available today, few studies
have assessed the uterine blood flow indices during ovarian
stimulation by clomiphene citrate.'*!* Consequently, little
is known of the effect of ovarian stimulation on this flow,
especially in unexplained infertility.

Therefore, the aim of the present study was to evaluate
the effect of clomiphene citrate on uterine artery blood flow,
using a pulsed Doppler, and endometrial and subendometrial
microvascularization, using a 3D power Doppler, in patients
with unexplained infertility.

Patients and methods

This prospective observational study, which had a crossover
design, was conducted at the Department of Obstetrics and
Gynecology, Faculty of Medicine, Cairo University, during
the period from October 2014 to October 2016. The study
was approved by the Research Ethics Committee (Depart-
ment of Obstetrics and Gynecology Ethics Committee), and
written informed consent was obtained from all participants.
Reporting of the present study followed the Strobe checklist.!®
The ethical standards of the Declaration of Helsinki were
followed, and the study was registered in ClinicalTrial.gov
registry as an observational study (NCT03322852).

The study population included 50 patients with primary
or secondary unexplained infertility for more than 2 years.
The diagnosis of unexplained infertility was based on normal
semen analysis, documentation of ovulation by transvaginal
ultrasonography and normal mid-luteal serum progesterone
levels, and documentation of normal uterine cavity and
bilateral tubal patency via hysterosalpingography and/or
hysterolaparoscopy (if indicated).” The sampling was done
consecutively. That means we recruited eligible participants
consecutively until the study target number was achieved.

Inclusion criteria were age 2535 years, body mass index
(BMI) <30 kg/m?, regular menstruation, and normal pelvic
examination and ultrasonography. Exclusion criteria were

history of pelvic operations, including cesarean section;
history of pelvic inflammatory disease; clinical features
suggestive of endometriosis; any pelvic pathology, includ-
ing uterine fibroids and ovarian cysts; any general disease or
medication that could potentially affect pelvic blood flow,
and smoking.

Transvaginal ultrasound (Voluson 730; Kretz, Zipf,
Austria) examinations were done by the same researcher
(AEM) (to decrease bias due to interobserver variability)
during the mid-luteal (peri-implantation) phase (days 20-22)
of the menstrual cycle. At the same visit, blood samples
were collected and immediately centrifuged; the sera were
separated and stored at —70°C until subsequent analysis.
Serum progesterone and estradiol levels were measured using
electrochemiluminescence immunoassay.

Using two-dimensional ultrasound, the endometrial thick-
ness was measured as the thickest part (double layer) in the
sagittal plane, as shown in Figure 1. Then, the flow velocity
waveforms were obtained from the ascending branch of the
uterine artery on both sides of the internal cervical opening
(Figure 2). Three similar consecutive waveforms of good
quality were included. The right and left uterine artery pul-
satility index (PI) and resistance index (RI) were calculated,
and the averaged PI and RI were given.

The ultrasound was then switched to the 3D power
Doppler mode. The setting conditions for this study were
standardized using a frequency at 3-9 MHz, a pulse repeti-
tion frequency at 0.6 kHz, a gain at —4.0, and a wall motion
filter at low 1. The Virtual Organ Computer-Aided Analy-
sis (VOCAL) Imaging Program was used to calculate the
endometrial volume and 3D power Doppler indices within
the endometrium and the subendometrial region (Figure 3)
through the application of “shell-imaging” within 1 mm

Endometrium
10.00; 90
Pwr

UtEndom.Th, &

Ut-Endom.Th. 9.59 mm

Figure | Two-dimensional ultrasound measurement of endometrial thickness.
Abbreviation: Ut-Endom.Th., ultrasound measurement of endometrial thickness.
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Figure 2 Two-dimensional color Doppler of uterine artery flow velocity waveforms.

parallel to the originally defined myometrial-endometrial
contour. A subendometrial shell within 1 mm was chosen
(not 5 or 10 mm) as this is the area that undergoes cyclic
changes."”

The vascularization index (VI) calculates the ratio of the
number of color voxels to the total number of voxels (%)
and represents the presence of blood vessels (vascularity).
Flow index (FI) calculates the mean power Doppler signal
intensity (0-100) and represents the average intensity of
blood flow. Vascularization flow index (VFI) is calculated by
multiplying VI and FI (0-100), and represents a combination
of vascularity and flow intensity.'® 3D power Doppler indices
were prefered to 2D Doppler measurment of endometrial and
subendometrial arteries, as they gave more accurate informa-
tion about endometrial and subendometrial vascularity.*

In the following cycle, all patients had mild ovarian
stimulation; clomiphene citrate (Clomid; Aventis Pharma,
Cairo, Egypt) was given 100 mg/day orally starting from

B65°/60

Shell  1.33 cm?®
Vref 2.99 cm®
Outside 4.32 cm®

Figure 3 VOCAL of the subendometrial “shell”.
Abbreviation: VOCAL, Virtual Organ Computer-Aided Analysis.

the 3rd day of the cycle for 5 days. During days 20-22
of the cycle, the previous protocol was repeated, and the
ultrasonographic, Doppler, and hormonal parameters were
compared between spontaneous and stimulated cycles in the
same group of patients.

The study primary outcome was endometrial FI in stimu-
lated versus natural cycles. Secondary outcomes were other
Doppler flow indices of uterine arteries, endometrial region,
and subendometrial region.

Sample size was calculated according to the endometrial
flow index as the study primary outcome. According to a
previous study, the mid-luteal FI in natural cycles in cases
with unexplained infertility was 25, and the standard devia-
tion (SD) was 5.8.% Setting the power at 80%, the alpha error
at 0.05, and the minimal clinically significant difference of
FI at 2, and using the paired #-test, we needed 50 patients
in the present study. Sample size calculation was done by
IBM SPSS SamplePower software, release 3.0.1 (IBM Corp.,
Armonk, NY, USA).

Data were expressed as mean + SD or number (%). The
paired Student’s #-test was used to compare relevant variables
between stimulated and natural cycles. Hypothesis testing
was done 2-tailed, and 95% confidence intervals were pro-
vided for tests’ statistics. A P-value <0.05 was considered
statistically significant. Statistical analysis was done using
SPSS software, version 23 (IBM Corp.).

Results

A flowchart of the study population is illustrated in Figure 4.
Seventy-four cases who met the inclusion criteria having
unexplained infertility were screened for eligibility, and 24
were excluded due to exclusion criteria (n=22) or refusal to
participate in the study (n=2).

A total of 74 patients who had
unexplained infertility with
a BMI <30 kg/m? and were in the
age range of 25-35 years were
screened for eligibility

22 were excluded due to previous

pelvic operation (n=10), diabetes

(n=7), diabetes and hypertension
(n=3), and smoking (n=2)

v

[ 52 patients were eligible ]

I

[ 50 patients continued the study ]

2 patients refused to participate ]

Figure 4 Flowchart of the study population.
Abbreviation: BMI, body mass index.
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Table | Patients’ characteristics

Characteristic Value
Number of patients 50

Primary infertility 27 (54)
Secondary infertility 23 (46)
Duration of infertility (years) 391112
Age (years) 29.76+2.19
Parity (number of previous deliveries) 0.95+0.83
Menstrual cycle (days) 28.12+2.45
Body mass index (kg/m?) 24.04+2.16

Note: Values are given as n (%) or mean + SD.
Abbreviation: SD, standard deviation.

The study population consisted of 50 patients with
primary (n=27; 54%) or secondary (n=23; 46%) unex-
plained infertility for more than 2 years (3.91%1.12). The
age, parity, duration of menstrual cycle, and BMI are shown
in Table 1.

The primary outcome, which was the endometrial flow
index, was significantly lower in the stimulated cycles
(mean + SD: 23.89+7.96 vs 27.49+8.73, mean difference
(95% CI): =3.6 (-2, =5.9); P=0.03) (Table 2).

The mean = SD values of endometrial thickness
(10.92£3.04 vs 12.4613.08 mm; P=0.01), volume (4.57+1.28
vs 5.26%1.32 cm?; P=0.009), endometrial VI (0.86%0.15 vs
0.95%3210.21%; P=0.02), and VFI (0.25+0.08 vs 0.3140.12;
P=0.004), subendometrial VI (1.93+0.68 vs 2.26%+0.75%;
P=0.02), FI (26.8149.16 vs 30.73+9.87; P=0.04), and VFI
(0.68+0.18 vs 0.79+0.21; P=0.006) were significantly lower
in the stimulated cycles (Table 2).

However, there were no significant differences in the
uterine artery PI (P=0.12) and RI (P=0.08) or serum estradiol

(P=0.54) and progesterone (P=0.37) levels between natural
and stimulated cycles (Table 2).

Discussion

In the present study, we found significantly lower 3D power
Doppler flow indices of endometrial and subendometrial
regions in stimulated cycles by clomiphene citrate in com-
parison with natural ones in the same patients who had
unexplained infertility. The endometrial thickness (P=0.01),
volume (P=0.009), endometrial VI (P=0.02), FI (P=0.03),
VFI (P=0.004), subendometrial VI (P=0.02), FI (P=0.04),
and VFI (P=0.006) were significantly lower in the stimulated
cycle than in the natural cycle.

Raine-Fenning et al® did a serial 3D power Doppler scan
on the endometrial and subendometrial regions to patients
with unexplained infertility and compared their findings
to the control fertile group. Interestingly, they found
cyclic endometrial perfusion changes with an increase in
periovulatory followed by a decrease in the early luteal
phase. Then another increase in Doppler indices occurred
until the next cycle. These cyclic changes were present
in both study groups. However, they were significantly
lower in the unexplained infertility group.> Also, El-Mazny
et al'! used a 3D power Doppler to evaluate endometrial
and subendometrial microvascularization in women with
unexplained infertility. They reported that peri-implan-
tation endometrial perfusion is impaired in women with
unexplained infertility compared with that in the fertile
control group, irrespective of the endometrial measure-
ments and hormonal levels.!" In addition, Zebitay et al'?
recently found lower 2D Doppler parameters of the endo-
metrium in unexplained infertile patients in comparison

Table 2 Comparison of ultrasonography, Doppler, and hormonal parameters between stimulated and natural cycles

Variable Stimulated cycles Natural cycles Difference between stimulated P-value
and spontaneous cycles (95% CI)

Endometrial thickness (mm)* 10.92+3.04 (10.06, 11.78) 12.46+3.08 (11.58, 13.34) —1.54 (-0.67, —2.40) 0.0l
Endometrial volume (cm?®)* 4.57£1.28 (4.21, 4.93) 5.26+1.32 (4.88, 5.64) —0.69 (0.32, 1.10) 0.009
Uterine artery Pl 2.07£0.59 (1.90, 2.24) 1.8910.54 (1.74, 2.04) 0.18 (-0.02, 0.33) 0.12
Uterine artery Rl 0.84+0.19 (0.79, 0.89) 0.78+0.15 (0.74, 0.82) 0.06 (-0.01, 0.10) 0.08
Endometrial VI (%)* 0.8610.15 (0.82, 0.90) 0.95+0.21 (0.89, 1.01) —0.09 (-0.04, —-0.14) 0.02
Endometrial FI (0—100)* 23.89+7.96 (21.63, 26.15) 27.49+8.73 (25.01, 29.97) —-3.60 (—2.00, —5.90) 0.03
Endometrial VFI (0—100)* 0.2510.08 (0.23, 0.27) 0.31£0.12 (0.28, 0.34) —0.06 (—0.03, —0.09) 0.004
Subendometrial VI (%)* 1.9310.68 (1.74, 2.12) 2.26+0.75 (2.05, 2.47) —0.30 (-0.13, —0.53) 0.02
Subendometrial FI (0—100)* 26.811£9.16 (24.21, 29.41) 30.734£9.87 (27.92, 33.54) —-3.90 (-1.20, —6.60) 0.04
Subendometrial VFI (0—100)* 0.68+0.18 (0.63, 0.73) 0.79£0.21 (0.73, 0.85) —0.11 (-0.05, -0.17) 0.006
Estradiol (pg/mL) 87.651+23.76 (80.90, 94.40) 84.79+22.84 (78.30, 91.28) 2.90 (-3.80, 9.50) 0.54
Progesterone (ng/mL) 20.87+7.18 (18.83, 22.91) 19.65+6.32 (17.85, 21.45) 1.20 (-0.70, 3.20) 0.37

Notes: Values are given as mean £ SD (95% CIl) or mean difference (95% ClI). *Statistically significant.
Abbreviations: Pl, pulsatility index; Rl, resistance index; VI, vascularization index; Fl, flow index; VFI, vascularization flow index.
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with patients having other causes of infertility and healthy
controls. However, power Doppler, in combination with
3D ultrasound, provides a unique tool to examine micro-
vascularization and has been suggested to be better than
2D Doppler velocimetry in assessment of endometrial and
subendometrial blood flow.*

Few studies compared endometrial blood flow between
natural and stimulated cycles. Kupesic and Kurjak'* per-
formed 2D Doppler velocimetry for the endometrial spiral
arteries in healthy women attending an infertility clinic
because of male factor infertility. They found lower spiral
artery PI in natural cycles when compared with stimulated
ones (1.13 vs 2.32, respectively).'* However, they performed
their study in the periovulatory and did not address the blood
flow in the peri-implantation mid-luteal phase. Ng et al*
compared 3D power Doppler indices of endometrial and
subendometrial regions in stimulated cycles for IVF and
subsequent natural cycles (frozen embryo transfer cycle) in
the same patients. They found periovulatory lower Doppler
indices in stimulated cycles. Nevertheless, they did not assess
the peri-implantation mid-luteal period.

The lower blood flow parameters in the endometrial and
subendometrial regions in stimulated cycles can be due to the
anti-estrogenic effect of clomiphene citrate.?*?! In addition,
some studies have suggested that the number of estrogen
and progesterone receptors is lower in the endometrium of
stimulated cycles when compared to that of natural ones.?>%
Furthermore, Raine-Fenning et al®* have suggested endo-
metrial aberrant local dynamic vascular changes such as
vasoconstriction or decreased vasodilation in spontaneous
cycles of women suffering from unexplained infertility. This
hypothetical abnormal vascular response might get worse in
stimulation cycles.

Our results also showed that there were no significant
differences in the uterine artery PI (P=0.12) and RI (P=0.08)
between natural and stimulated cycles. This finding may be
attributed to the presence of collateral circulation through
the ovarian vessels. Therefore, uterine artery Doppler veloci-
metry may not reflect properly the actual endometrial and
subendometrial blood flow. This explanation is supported
by a study that found no correlation between 2D Doppler
velocimetry of uterine artery and VI, FI, and VFI of the endo-
metrial and subendometrial regions.?* In addition, this was
in agreement with Nakai et al,” who found that the uterine
arterial blood flow was not significantly different between
spontaneous and clomiphene citrate-stimulated cycles of
women with unexplained infertility in the mid-luteal phase
of the cycle.

The negative impact of clomiphene citrate on endome-
trial receptivity was recently suggested by Nakagawa et al,
who reported lowered pregnancy rates in frozen-thawed
IVF cycles up to 90 days after stimulation by clomiphene
citrate.

Although some previous studies have shown that perio-
vulatory decreased uterine blood flow in stimulated cycles
by clomiphene citrate; these studies were mostly performed
by 2D assessment, as were the studies done by Hsu et al*
and Kupesic and Kurjak."

To the best of our knowledge, this is the first study that
compared the 3D power Doppler endometrial and subendo-
metrial blood flow parameters between the stimulated and
natural cycles in the same women who had unexplained infer-
tility. The choice of prospective crossover design eliminated
the problem of confounding and validated our results.

However, the present study has limitations. There were no
follow-up data about later fertility outcomes in relation to the
decrease in the endometrial blood flow. However, the presented
results highlighted the probability of affection of endometrial
receptivity by clomiphene citrate. This needs future studies with
afocus on correlation between changes in endometrial perfusion
during stimulation to pregnancy outcome. Furthermore, correla-
tion between our results and the exact local vascular changes
needs further research aiming at discovering the histological
and molecular changes in stimulated and natural cycles.

Conclusion

Based on our results, we conclude that peri-implantation
endometrial perfusion is significantly lower in clomiphene
citrate-stimulated cycles when compared to natural ones in
patients with unexplained infertility. Our results need to be
correlated to pregnancy outcome in future studies. In addi-
tion, since Letrozole has been known to have a lower impact
on the endometrium when compared to clomiphene citrate,
it would be of value to compare both drugs on uterine hemo-
dynamics in future studies.

Disclosure
The authors report no conflicts of interest in this work.
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