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| ABSTRACT |

Objective: To cvaluate the difference in uterine artery impedance to blood flow among women with unexplained

infertility and recurrent pregnancy loss in the midluteal phase of spontancous cycles.

Design: Prospective study, _

Setting: Department of Obstetrics and Gynaecology, Shatby University Hospital, Alexandria.

Subjects: Thirty women with unexplained infertility (group A), twenty women with a history of recurrent pregnancy
loss (group B) and twenty fertile controls (group C).

Interventions: Midluteal sonographic evaluation of uterine artery impedance to blood flow and endometrial thickness.
Main outcome measures: The mean right and left uterine artery pulsatility index (PI values).

Results: PT values did not differ significantly in unexplained infertility (1.83 £ 0.55) and recurrent pregnancy loss (1.73
+ 0.49) compared to controls (1.84 = 0.48). However, endometrial thickness was significantly decreased in
unexplained infertility (9.17 £ 1.93 mm) and recurrent pregnancy loss (9.1 + 2.13 mm) compared to controls (12.6
2.22 mm). There was no significant correlation between PI values and endometrial thickness in all the studied groups
(p > 0.05). However there was a significant positive correlation between PI values and age ( r = 0.4666, p = 0.001).
Conclusion: Evaluation of uterine impedance by pulsed Doppler ultrasound in patients with unexplained infertility and
recurrent miscarriage is considered an investigational technique without sufficient proven clinical benefits.

Keywords: Midluteal, Doppler, unexplained infertility, recurrent pregnancy loss, pulsatility index, endometrial
thickness.

cells, leukocyte populations in the endometrium

INTRODUCTION

and ultrasonographic and hysteroscopic studies.

Recurrent pregnancy loss may be a However, vascular changes associated with the
consequence of an abnormal embryonic karyotype, pathology of recurrent pregnancy loss remain

. . . . . ad (1,2,3)
or to anatomic, endocrinological, immunological, poorly studied.

microbiological or maternal factors affecting the
endometrium. The various methods used in
studying the endometrium include morphological
studies, immunohistochemistry, measurement of
endometrial proteins in plasma and uterine

flushings, cytokine expression in endometrial

Uterine receptivity is regulated by a number of
factors including uterine perfusion and is of great
importance in achieving a normal pregnancy.®)
The uterine arteries are the most important vessels
providing blood to the uterus. Good uterine

perfusion, combined with the rapid growth of the
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coiled arterioles and abundant angiogenesis in the

luteal phase, reflect the preparation and
maintenance of a suitable environment for embryo
implantation during each menstrual cycle.t)
Initially, pulsed Doppler imaging in
combination with transabdominal B mode imaging
was used to test the ovarian and uterine
vasculature.(®) Performing Doppler ultrasound
using a vaginal probe has several advantages
compared to an abdominal transducer. The
proximity of the transducer to the pelvic organs
means that higher frequencies can be used, thus
with better resolution.

providing an image

Moreover, there are no subcutaneous tissues
interfaced between the transducer and the pelvic
organs, hence artifacts from multiple reflections is
reduced. The empty bladder also gives more

patient comfort and convenience.()

By using color Doppler, the uterine artery is
more easily visualized lateral to the internal os and
as the Doppler beam is insonating at a low angle, a
large Doppler frequency shift is obtained, which
reduces the possibility of error when impedance

indices are measured.®

Transvaginal color Doppler ultrasound has been

used to demonstrate that in normal fertile
non-pregnant women, uterine arterial impedance
has its lowest value during the midluteal phase of
the menstrual cycle.®? This reflects optimal uterine
vascularization during the implantation of the
human blastocyst. It is however unknown whether
the midluteal uterine impedance is different in
patients with unexplained infertility or recurrent

pregnancy loss.

During fertility investigation and treatment, an
assessment of endometrial receptivity is generally
based on endometrial thickness and appearance in

conjunction with an estimation of uterine artery
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blood flow velocities using Doppler ultrasound.(!0)
A typical trilaminar appearance with a minimum
thickness of  7mm and a uterine artery pulsatility
index of < 3.0 are regarded as sound markers of
endometrial receptivity. 1) Patients who have an
abnormal endometrial receptivity pattern during
their natural cycle may in fact constitute a
proportion of patients previously described as
having unexplained infertility. ldentifying those
patients prior to treatment gives an opportunity to
consider therapy to improve uterine and
blood

endometrial receptivity.

flow and

(12)

endometrial subsequently

The aim of the present study was to analyze the
uterine flow velocity waveforms in the midluteal
phase of unstimulated non-conceptional cycles in
women with unexplained infertility and recurrent

pregnancy loss compared to fertile controls.

Seventy women aged 20-35 years attending the
EL-Shatby

University Hospital, Alexandria were recruited for

Gynaecology Outpatient Clinic  at
the study. Patients were categorized into:group (A)
which included thirty women with unexplained
infertility, group (B) included twenty women with
a history of recurrent pregnancy loss (RPL) and
group (C) included twenty non pregnant fertile
controls with no history of reproductive failure.
Unexplained infertility was diagnosed on the basis
of a failure to conceive after 2 years of unprotected
intercourse in women who had regular menstrual
cycles with serum progesterone in the midluteal
phase > 9.5 ng/ml (30 nmol /L), a normal pelvis on

laparoscopy, and whose partners had normal

seminal analyses.(l3)

Recurrent pregnancy loss was defined as three

or more sequential spontaneous pregnancy losses

Jan, 2006, Vol. 10. No. !
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fathered by the same partner. Exclusion criteria
included women with utering anomalies, impaired
glucose tolerance, abnormal thyroid function or

anti-phospholipid antibodies.

An informed consent was obtained from each

patient prior to examination.

Vaginal ultrasound and colour flow imaging

Transvaginal ultrasonography associated with
Doppler flow measurements was performed in the
midluteal phase of a spontaneous non-pregnant
cycle. Blood flow evaluations were performed in
the morning to avoid fluctuations due to circadian
rhythm of uterine artery blood flow.(!4) All women
rested in a waiting room for more than twenty
minutes before being scanned to minimize any
possible effects of exercise on uterine blood flow.

All scans were performed by the same operator.

For flow visualization, color Doppler was used.
The pulsed Doppler signals were obtained using
(Model
EUB-515, Hitachi Medical Corporation, Tokyo,

Japan) was used with a 6.5 MHz transvaginal

the 2 mm volume cursor. A scanner

probe for imaging and 2.5 MHz pulsed Doppler
system for blood flow analysis. The intensity of the
colour produced was proportionate to the
magnitude of the Doppler frequency shift. The
configuration used was a red colour indicating
blood flow towards, and a blue colour denoting

blood flow away from the probe.('s)

The uterus was examined systematically and
the maximum thickness of the endometrium was
measured as the maximum distance between each
myometrial-endometrial interface through the
central longitudinal axis of the uterus.!® The
probe was directed in the right vaginal fornix to
identify the ascending branch of the uterine artery

and the flow velocity waveforms were recorded on
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videotape for subsequent analysis. The probe was
then moved to the left fornix to identify the left
uterine artery. The pulsatility index (PI) was
determined for each uterine artery. It is a useful
way of expressing blood flow impedance distal to

the point of sampling.( 17)

The PI was calculated as the difference between
the maximum systolic blood flow and minimal
diastolic blood flow divided by the mean flow
throughout the cycle. In this formula, PI increases
if the proximal flow remains constant while the
distal vascular bed constricts. Conversely, a low PI
value indicates decreased impedance to blood flow
in the distal vasculature. The average PI of the
bilateral uterine arteries (the ascending branch)

was calculated.

Statistical analysis

Data are presented as mean £8D. The data were
tested by F-test (ANOVA) to compare arithmetic
means between studied groups. Subsequent
statistical analysis was performed using the
Mann-Whitney

coefficient as appropriate. P value < 0.05 was

test or Pearson’s correlation

considered statistically significant.

Seventy women were included in the study.

The mean women’s age did not differ significantly

between the three studied groups (P = 0.43).

Both uterine arteries were clearly visualized in
all patients using the transvaginal transducer and
the Doppler signals were obtained and averaged.
There was no significant difference in the PI

values between the right and left uterine arteries.

The PI values of the uterine artery did not differ
significantly between groups. (Table I). However,

the endometrial thickness was significantly

Doppler ultrasound and reproductive failure
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decreased in groups A and B compared to controls.
There was no significant difference  between
groups A and B (Table I). The uterine artery PI
values were positively correlated with age but did
not correlate with endometrial thickness in all the

studied groups (Table If).

Figure 1, 2, and 3 illustrate a flow velocity

waveform during the midluteal phase of a

spontaneous cycle in the three studied groups.

st

DISCUSSION

The introduction of

ultrasonography has provided non invasive means

pulsed  Doppler
for evaluation of flow velocity waveforms from
uterine arteries at any time during the menstrual
cycle.(lg’ There is a relation between the
concentration of ovarian hormones in peripheral
venous plasma and uterine artery blood flow
parameters.”’ 9 Studies on flow waveforms of
uterine artery during the normal menstrual cycle
show a sharp increase in end-diastolic velocities
between the proliferative and secretory phases of
the cycle. However, the lowest flow impedance is
recognized during the time of peak luteal function
(mid-luteal phase) during which implantation is
most likely to occur.{!? Hence, measurements of
PI in the uterine arteries in the midluteal phase
with

might isolate patients impaired uterine

perfusion.

In the current study, there was no significant
difference between the PI values of the right and
left uterine arteries. Similar results were observed
by others.!!3) However, Tan et al® reported that
the uterine blood flow velocity was higher and PI
value lower in the dominant uterine artery
compared to the contralateral side during the
midluteal phase. This was attributed to the high
metabolic activity of the corpus luteum and its

surrounding stroma which may directly influence
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uterine artery vascular resistance by a local effect
of the

Furthermore, since the ovary derives a proportion

metabolic and vasoactive products.
of its blood supply from the tubal branch of the
uterine artery, if its resistance is primarily low
because of the corpus luteum, the ovary may act as
a low resistance shunt causing further decline in
impedance to blood flow in the ipsilateral uterine
artery.

In the present study, there was no significant
difference in the Pl values in patients with
unexplained infertility compared to controls. This
is in agreement with previous investigators(’-18:20)
who demonstrated no difference in uterine and
ovarian blood flow impendance between fertile
and infertile patients in the midluteal phase. On the

s(13:21.22) renorted increased uterine

contrary, other
artery impedance in unexplained infertility, and
attributed that to attenuation in uterine response to

circulating ovarian hormones.

In the current study, the PI values in women
did differ
significantly compared to controls. Similar results
23 who did not

with  recurrent miscarriage not
were reported by Jirous et al
confirm any significant difference in the midluteal
Doppler indices characterizing uterine and
intraovarian blood flow in women with recurrent
miscarriage. In contrast, Habara et al®® and
Nakatsuka et al‘®® reported elevated uterine
arterial impendance among women with recurrent
miscarriage and attributed that to abnormality in
uterine perfusion during the midluteal phase of

non-conceptional cycles.

The endometrium has an exceptional capacity
to undergo changes in structure and function
during the menstrual cycle. Increased endometrial
vascularity depends on changes in uterine arcuate
and radial artery blood flow. Resistance to flow
which is inversely correlated to tissue perfusion
drops towards ovulation and during the luteal

phase.(26)
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In the current study, endometrial thickness was
significantly decreased in unexplained infertility
and recurrent miscarriage compared to contrals.
This might be attributed to suboptimal endometrial
perfusion. Similar observations were reported in
previous studies.(¢:15:2427) Moreover, in a recent
study by Check et al®®_ it has been demonstrated
failure  to homogenous

that develop a

hyperechogenic sonographic endometrial echo

pattern in the midluteal phase was associated with
decreased fecundity in infertile women not
receiving follicle-maturing drugs.

In our study, there was no significant
correlation between PI and endometrial thickness
in all studied groups. Similar results were obtained

by Habara et al® in women with recurrent

pregnancy loss. Moreover, negative reports
concerning the correlation between PI and
endometrial thickness were reported in women

undergoing IVFE-embryo transfer, (29-30.31)

However, Steer et alll) reported an inverse
correlation between uterine artery impedance and
uterine receptivity in IVF cycles. Similar findings
were reported by previous investigators.(7:19.26)
Moreover, Coulam et al®2) reported that a PI > 3
and an endometrial thickness < 6mm were poor
prognostic factors for embryo implantation in IVF
cycles.

Finally, a significant correlation was found in
our study between uterine artery PI and age. It has
been known that fertility in women declines with
age.%9 Yaron et al®® reported that a decline in
endometrial receptivity, which is associated with a
decrease in uterine perfusion, may play an
important role in the decrease of implantation rates
with age. On the contrary, Habara et al?¥ and
Goswamy et all® did not find age-related
elevation in uterine arterial PI, suggesting that
ageing affects uterine perfusion less than other
factors. ‘

The results of the present study were
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‘predominamly

negative. Too much overlap

occurred between the studied groups as regards the
uterine P values rendering it not a clinically useful

predictor. Endometrial thickness and hence

subendometrial perfusion might be more accurate
than uterine perfusion and more likely to become a
vital tool in the investigation of those patients.
This might be amenable to treatment by perfusion

enhancers,

In conclusion, the use of pulsed Doppler
ultrasound in the evaluation of uterine impedance

in women with unexplained infertility and

recurrent miscarriage is still  considered an

investigational technique without sufficient proven

clinical benefit.
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Table I : Clinical and ultrasonographic features of patients in the studied groups.

Group (A) Group (B) Group (C) F P
Number of patients (n) 30 20 20
Age (years) X £ SD 29.96 1 3.57 29.05 £4.55 29.25£3.59 0.29 0.43
PI
Range 09-27 1.1-25 08-2.7 0.32 0.72
X £SD 1.83£0.55 1.73 £0.49 1.84 +0.48
Endometrial thickness (mm)
Range 6-13 6-15 10-17 20.5 0.001
X+ 8D 9.17 £ 1.93* 9.1 +2.13* 12,65+ 2.22
* Significant in relation to group C
Table II : Correlation between pulsatility index of uterine artery and other factors.
Variables R P
Age (years) 0.466 0.001
Endometrial thickness (mm):
Group A -0.136 0.393
Group B -0.26 0.19
Group C -0.27 0.098

Fig. 1. An example of a flow velocity waveform during the midluteal phase of a spontaneous cycle in a normal fertile
woman (pulsatility index = 1.52)
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Fig. 2. An example of a flow velocity waveform during the midluteal phase of a spontaneous cycle in a
woman with unexplained infertility (pulsatility index = 1.66).

;qwmm-zoos-ooos SONCCARE 2048 I 10 OcmMi 1.3 |04 11 1
S LAILA RIZK EC48ES! GenTih221V

[P GA6 1<

L1 gannkn

e pih

PSV 22.7/ 3cmijs
FDV -6 ?x‘ﬂlp"-
Vmean 9.7Hem/
Gmean #.0hmmilg
Gpeak 0.2 lmmig
Hi 0,

S 3,

M7

Fig. 3. An example of a flow velocity waveform during the midluteal phase of a spontaneous cycle in a
woman with recurrent pregnancy loss (pulsatility index = 1.71).
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