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Abstract: Aim: The aim of this study is to assess the effects of hydrosalpinx on ultrasonographic parameters
for endometrial receptivity during the window of implantation, as measured by power color Doppler ultrasound.
Methods: The women recruited to this study included sixty with unilateral or bilateral hydrosalpinx and fifty-seven
prior to in vitro fertilization-embryo transfer (IVF-ET) or artificial insemination (Al) performed due to male infertil-
ity. Ultrasonographic parameters for endometrial receptivity were measured during the window of implantation by
power color Doppler ultrasound. Results: The proportion of triple-line endometrial pattern and uterine contractions
from the cervix to the fundus were significantly lower in the hydrosalpinx group than in the control group. In addition,
patients in the hydrosalpinx group had a significantly lower pulsatility index (PI) of uterine spiral arteries. There were
no significant differences in endometrial thickness, subendometrial blood flow distribution pattern, uterine artery
PIl, uterine artery resistance index (RI), or uterine spiral artery Rl between the two groups. Conclusions: Hydrosalpinx
may be involved in the regulation of endometrial receptivity through its influence on endometrial pattern, uterine
contractions, and PI of the uterine spiral arteries.

Keywords: Hydrosalpinx, endometrial and subendometrial blood flow, power color Doppler ultrasound, endome-
trial receptivity

Introduction

Hydrosalpinx is a common gynecological dis-
ease resulting from a series of pelvic inflamma-
tory disorders, which can lead to pelvic pain
and infertility. About 30% of infertile women
undergoing IVF-ET treatment have hydrosalpin-
ges diagnosed by ultrasound scanning or hys-
terosalpingography (HSG) [1]. Previous studies
have demonstrated the embryotoxic influence
of hydrosalpinx fluid [2]. However, IVF-ET treat-
ment of women with hydrosalpinx has also
been associated with reduced pregnancy rates
[3]. These results suggested that hydrosalpinx
fluid can exert detrimental effects on the
embryo and endometrium simultaneously.

Successful embryo implantation requires a
receptive endometrium. In each menstrual
cycle, the human endometrium exhibits a limit-
ed period in which to accept the implanting
embryo, known as the “window of implantation”
(day 21-24 of the menstrual cycle) [4]. During
this period, the endometrium undergoes a com-
plex series of distinct cellular and molecular
changes initiated by ovarian steroid hormones,
which render it receptive to conception [5].
Many studies have focused on the morphologi-
cal and biochemical characteristics of the
receptive endometrium. At the morphological
level, endometrial receptivity can be evaluated
by histopathological investigation or the appear-
ance of pinopod structures [6]. The biochemical
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Figure 1. Classification of endometrial-subendome-
trial blood flow distribution pattern determined by
color Doppler ultrasound. A. Vessels penetrate the
outer hypoechogenic area surrounding the endo-
metrium but not entering the hyperechogenic outer
margin. B. Vessels penetrate the hyperechogenic
outer margin of the endometrium but do not enter
the hypoechogenic inner area. C. Vessels enter the
hypoechogenic inner area.

markers of receptive endometrium include
estrogen receptors (ERs), progesterone recep-
tors (PRs), leukemia inhibitory factor (LIF), inter-
leukins (ILs), glycodelin, vascular endothelial
growth factor (VEGF), MUC1, and integrins [7].
However, these methods are usually invasive,
hysteretic and unacceptable to patients, espe-
cially in those who are unwilling to damage the
endometrium and prefer to become pregnantin
the current cycle [8]. Therefore, it is necessary
to develop a non-invasive and reliable method
to evaluate endometrial receptivity.

With the advance of diagnostic ultrasonogra-
phy, it has been widely used for endometrium
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assessment and measurement of endometrial
blood flow. Ultrasonographic technology has
gained increasing attention because of the
advantages of non-invasiveness, real-time
monitoring and predictability it provides.
Numerous studies have proposed that endo-
metrial thickness, pattern and endometrial and
subendometrial blood flow, as measured by
ultrasound scanning, may be related to endo-
metrial receptivity [8, 9]. However, the effects
of hydrosalpinx on these ultrasonic parame-
ters, especially during the window of implanta-
tion, are not well understood. Therefore, in this
study, we aimed to investigate the influence of
hydrosalpinx on endometrial and subendome-
trial blood flow during the window of implanta-
tion using power color Doppler ultrasound,
through which we hope to evaluate the effects
of hydrosalpinx on endometrial receptivity.

Materials and methods
Subjects

This study was approved by the Ethics
Committee of the First Affiliated Hospital,
Xingjiang Medical University, China. One hun-
dred and seventeen infertile women attending
the Assisted Reproductive Unit were recruited
after giving written informed consent between
June 2009 and February 2011. All subjects
had regular menstrual cycles, no history of
smoking, and had not received any hormone
treatments for the previous 6 months. None of
the women had organic diseases of the uterus
or ovaries, endometriosis, hyperprolactinemia,
or polycystic ovary syndrome. These women
were allocated to two groups. In the hydrosal-
pinx group, 60 women had unilateral or bilater-
al hydrosalpinx diagnosed by hysterosalpino-
gram (HSG) and transvaginal ultrasound scan.
The diameter of the hydrosalpinx site was
approximately 10-65 mm. In the non-hydrosal-
pinx group, there were 57 women prior to in
vitro fertilization-embryo transfer (IVF-ET) or
artificial insemination (Al) treatment that under-
went IVF-ET or Al because of male infertility.

Ultrasound measurement

An LH peak was determined by the presence of
LH in urine samples using a rapid semi-quanti-
tative self-test (Kunming Yunda Bio-tech Co.,
Ltd., Kunming, China) every day starting on the
day in which a leading follicle was more than 14
mm in diameter by transvaginal ultrasound. All
women had an ultrasound scan on Day LH+6
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Table 1. Demographic characteristics of the hydrosalpinx and

non-hydrosalpinx groups

spiral artery blood flow was detect-
ed intra-endometrial or in the adja-

Group

Hydrosalpinx  Non-hydrosalpinx
group (N =60) group (n =57)

Age of women (y)

Infertility duration (y) 3.47 £ 2.39
Body mass index (Kg/m?) 21.34 +0.29 21.41 + 0.57
Basal FSH level (mlU/mL) 7.82 + 0.65
Basal LH level (mIU/mL) 4.47 +1.31
Basal E2 level (pg/mL) 43.34 £+ 15.29 45.19 + 14.32
Basal T level (ng/mL) 0.38 £ 0.01

30.87 £ 4.02 29.73 £ 4.27
2.67+1.95

8.04+0.91
4.15+1.09

0.49 £ 0.15
Basal PRL level (ng/mL) 19.27 + 1.51 20.14 £ 2.21

Note: Data given as mean * standard deviation (SD). NS = not significant.

using power color Doppler ultrasonic diagnostic
equipment with a vaginal probe of 5.0-7.0 MHz
(GE Medical Systems, Wisconsin, WI, USA) at
approximately 7 to 9 PM after they had emptied
their bladder. The ultrasound measurements
were performed as previously described [10].
All ultrasound measurements were performed
by the same person.

The maximum thickness of endometrium on
both sides of the midline was measured in a
longitudinal plane. The endometrium present-
ed as a triple-line pattern (hyperechogenic
outer lines and a central echogenic line) or a
homogeneous pattern (homogeneous endome-
trium). The endometrial-subendometrial blood
flow distribution pattern was determined by
demonstrating pulsatile color signals in the
subendometrial and endometrial regions. The
distribution pattern was based on Applebaums’
criteria, summarized as follows: 1, vessels pen-
etrating the outer hypoechogenic area sur-
rounding the endometrium but not entering the
hyperechogenic outer margin; 2, vessels pene-
trating the hyperechogenic outer margin of the
endometrium but not entering the hypoecho-
genic inner area; 3, vessels entering the
hypoechogenic inner area (Figure 1) [11].
Uterine contractions were divided into five
types: CF, propagating from the cervix to the
fundus; FC, propagating from the fundus to the
cervix; OPP, propagating from the fundus and
cervix at the same time; RA, propagating from a
random site of endometrium; or NA, no signifi-
cant movement in endometrium [12].

Using color Doppler imaging, flow velocity wave-
forms were obtained from the ascending main
branch of the uterine artery on the right and left
sides of the cervix in the longitudinal plane
before they entered the uterus. Endometrial
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p cent sub-endometrial regions with-
value in 10 mm of endometrial echogenic
NS borders. The Doppler gate was
NS positioned when a vessel with good
color signals was identified on the
NS )
screen. An average of three to five
NS cardiac cycles was selected for pul-
NS satility index (PI), resistive index
NS (RI), maximum peak systolic blood
NS flow velocity (Vmax), and time-aver-
NS aged peak systolic blood flow veloc-
ity (Vmean). Mean levels were used
for analysis.

Statistical analysis

The values are presented as mean + standard
deviation (SD). Measurement data were
assessed by independent sample t-test. Before
statistical analysis, and the data were tested
for normal distribution by applying the one-
sample Kolmogorov-Smirnov test. The homoge-
neity of variances was evaluated by Levene’s
test. Numeration data were assessed using a
chi-squared test. Statistical analyses were per-
formed using SPSS software, version 17.0
(SPSS, Chicago, IL, USA). A P value of < 0.05
was regarded as statistically significant.

Results

Between June 2009 and February 2011, 117
patients attending the Assisted Reproductive
Unit were recruited: 60 of them had unilateral
or bilateral hydrosalpinx; 57 of them underwent
IVF-ET or Al treatment due to male infertility.
There were no significant differences with
regard to the age of the women, duration of
infertility, body mass index or basal hormone
levels between the hydrosalpinx and non-hydro-
salpinx groups (Table 1).

No significant differences were observed in
endometrial thickness or endometrial-suben-
dometrial blood flow distribution pattern in the
peri-implantation phase between the hydrosal-
pinx and non-hydrosalpinx groups (Table 2).
The proportion of homogeneous pattern of
endometrium was significantly higher in the
hydrosalpinx group (26/60) than in non-hydro-
salpinx group (10/57) (Table 2). Uterine con-
tractions in a random pattern were not detect-
ed in either group. Uterine contractions showed
a predominance of FC patterns in the hydrosal-
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Table 2. Comparison of ultrasound parameters of endometrial
receptivity during the window of implantation in the hydrosalpinx
and non-hydrosalpinx groups

Hydrosalpinx Non-hydrosalpinx P

Group group (n =60) group (n=57) value

Endometrial thickness (mm) 9.87 + 1.26 9.88 +1.43 NS
Endometrial pattern?
Triple-line pattern 34 (34/60) 47 (47/57)
Homogeneous pattern 26 (26/60) 10 (10/57)
Zone of vascular penetration®
1 12 (12/60) 4 (4/57)
2 28 (28/60) 38 (38/57)
3 20 (20/60) 15 (15/57)
Uterine movements®
CF 12 (12/60) 30 (30/57)
FC 36 (36/60) 24 (24/57)
OPP 2 (2/60) 0 (0/57)
RA 0 (0/60) 0 (0/57)
NA 10 (10/60) 3(3/57)
Uterine artery
Pl 244 +0.78 246 £0.70 NS
RI 0.90+0.31 0.84 £ 0.08 NS
Vmax 32.78 £+ 10.53 31.44 + 12.64 NS
Vmean 6.24 + 5.32 6.08 +2.84 NS
Spiral artery
Pld 0.88 £ 0.28 1.16+0.60 <0.05
RI 0.51+0.15 0.51+0.16 NS
Vmax 6.46 + 1.82 7.25 + 2.66 NS
Vmean 2.71+1.06 3.05+1.66 NS

Note: Data given as mean + standard deviation (SD). CF = cervix to fundus; FC =
fundus to cervix; OPP = opposing; RA = random; NA = no action; Rl = pulsatility
index; Pl = resistive index; Vmax = maximum peak systolic blood flow velocity;
Vmean = time-averaged peak systolic blood flow velocity; NS = not significant.
2P = 0.030, by chi-square test; °P > 0.05, by chi-square test; °P = 0.024, by chi-

the production of numerous
cytokines and growth factors
[13]. Transvaginal ultrasonogra-
phy performed with a high-fre-
quency end-fired probe placed
in the vagina provides excellent
resolution imaging of the uterus
and ovaries. In recent years,
several parameters have been
proposed for assessing endo-
metrial receptivity, including
endometrial thickness, mor-
phology and blood flow [14]. In
the present study, we show that
hydrosalpinx fluid can affect
endometrial pattern, contrac-
tions, and spiral artery blood
flow. These data provide a
potential mechanism for the
detrimental effects of hydrosal-
pinx fluid on human endome-
trium.

Previous studies reported that
the ideal range of endometrial
thickness for implantation rang-
es between 9 and 11 mm [15],
and it is widely believed that an
endometrial thickness that is
below 6 mm will reduce the like-
lihood of pregnancy. However,
Sundstrom reported a case of
normal pregnancy in which

square test; P = 0.012, by independent sample t-test.

pinx group (36/60). On the contrary, the CF pat-
tern was dominant in the non-hydrosalpinx
group (30/57) (Table 2).

Table 2 also summarizes the characteristics of
uterine artery and spiral artery blood flow.
There was no difference in uterine artery PI, Rl,
Vmax or Vmean in the peri-implantation stage
between the hydrosalpinx and non-hydrosal-
pinx groups. The average value of uterine spiral
artery Pl in the hydrosalpinx group (0.88 %
0.28) was significantly lower than that of the
non-hydrosalpinx group (1.16 + 0.60, P < 0.05).
Uterine spiral artery Rl, Vmax and Vmean were
similar between the two groups.

Discussion

Endometrial receptivity is critical to the process
of embryo implantation and is characterized by
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endometrial thickness was no

more than 4 mm at the day of

oocyte retrieval [14, 16]. Other
studies have also reported no relationship
between endometrial thickness and pregnancy
outcomes [9, 17]. In our study, there was no sig-
nificant difference in endometrial thickness
during the window of implantation between the
hydrosalpinx and non-hydrosalpinx groups.
Because the current results were not related to
pregnancy outcomes directly, we can only con-
clude that hydrosalpinx fluid has no influence
on endometrial thickness. The current data
were consistent with a previous finding that
endometrial thickness on the day of oocyte
retrieval was similar among patients with and
without hydrosalpinx during IVF-ET treatment
[18].

A triple-line pattern may be the sonographic
parameter that most reflects endometrial
receptivity, because it is associated more fre-
quently with pregnancy cycles [19]. A previous
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study reported that of patients in an IVF-ET
cycle, 44.8% with a triple-line pattern before
hCG injection became pregnant; and 80% with
a triple-line pattern on the day of oocyte retriev-
al became pregnant [20]. In this study, we
found that the proportion of a triple-line endo-
metrial pattern during implantation was signifi-
cantly lower in the hydrosalpinx group than in
the non-hydrosalpinx group. These results sug-
gest that hydrosalpinx fluid may influence the
endometrial pattern, through which it exerts a
detrimental effect on embryo implantation.

Ultrasound can provide uterine contraction
information, which offers a useful parameter
for the study of uterine physiology [12]. It had
been reported that uterine contractions pre-
dominantly propagate from the fundus to the
cervix (FC) during the follicular phase of the
menstrual cycle and contractions from the cer-
vix to the fundus (CF) predominated during the
estrogen-dominant phases of the cycle.
Abnormal contractions of the uterus have been
observed in specific clinical conditions [21].
Our results indicate that uterine contractions
during the window of implantation in the non-
hydrosalpinx group were of the CF pattern.
However, the FC pattern was dominant in the
hydrosalpinx group. A previous study showed
that retrograde uterine contractions were most
frequent at mid-cycle and might facilitate
sperm transport and embryo implantation [21].
Therefore, we speculated that the uterine con-
tractions with an FC pattern in the patients of
the hydrosalpinx group are necessary to expel
hydrosalpinx fluid from the uterine cavity to
maintain the microenvironment and homeosta-
sis, and produce an unfavorable effect on
embryo implantation.

Sufficient endometrial blood supply is usually
considered an essential requirement for
implantation [22]. When vessels enter the
hypoechogenic inner area of the endometrium,
the blood supply is much better than the other
two patterns observed. Reportedly, ho concep-
tion was achieved without subendometrial
blood flow. But there was no close relationship
between the patterns of blood distribution and
pregnancy cycles [11]. In this study, we found
that the zones of vascular penetration were
similar between these two groups. These
results suggest that hydrosalpinx fluid probably
has no influence on blood flow distribution.

We found that the parameters of the uterine
artery were similar between the hydrosalpinx
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and non-hydrosalpinx groups. Numerous stud-
ies have shown that uterine artery blood flow
can be used to evaluate uterine receptivity [9].
Other studies have also reported no relation-
ship between uterine artery blood flow and
pregnancy outcomes [14]. Therefore, its value
in predicting endometrial receptivity remains
uncertain. Because uterine arteries have many
branches in the womb and are the major blood
supply of the myometrium, we postulated that it
is difficult to predict endometrial receptivity by
uterine artery blood flow. Spiral arteries are the
terminal branches of the uterine artery and the
major nutrition source of the endometrium.
Previous studies showed that spiral artery
blood flow reflects the blood perfusion of the
endometrium and is an ideal parameter for
evaluating endometrial receptivity [23]. Our
results showed that the values of the uterine
spiral artery Pl in the hydrosalpinx group were
significantly lower than those in non-hydrosal-
pinx group. A previous study also demonstrated
that endometrial blood flow in a hydrosalpinx
group was significant reduced compared to a
non-hydrosalpinx group at the time of oocyte
retrieval during IVF-ET treatment [18]. These
results indicate that hydrosalpinx fluid may be
involved in the influence of uterine spiral artery
blood flow.

In conclusion, hydrosalpinx fluid may be
involved in the regulation of endometrial pat-
tern, uterine contractions and spiral artery
blood flow during the window of implantation.
We suggest this as a possible mechanism
by which hydrosalpinx fluid produces a detri-
mental effect on endometrial development.
Transvaginal ultrasonography may provide a
non-invasive method for physicians to evaluate
endometrial receptivity during the window of
implantation in patients with hydrosalpinx.
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