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Research Article
Abstract

Background and Objective: Infertility is a major global health challenge, and inadequate endometrial receptivity is
recognized as an important cause of implantation failure in assisted reproductive treatment. Noninvasive assessment of
endometrial readiness is important for optimizing the timing of embryo transfer in IVF cycles. This study aimed to evaluate
the role of color Doppler ultrasonography in predicting successful embryo transfer based on endometrial receptivity in
infertile women.

Methods: This prospective cohort study included 85 women with unexplained infertility undergoing IVF-ET at Shahid
Sayyad Shirazi Teaching Hospital in Gorgan, Iran. Transvaginal Doppler ultrasonography was performed before embryo
transfer to measure endometrial thickness and morphology, myometrial echogenicity, uterine artery flow indices, and
endometrial and myometrial vascularity. The uterine scoring system for reproduction (USSR) parameters evaluated included
endometrial thickness, endometrial morphology, endometrial and myometrial blood flow, uterine artery Doppler index, and
myometrial contractions. Endometrial vascularity was divided into four zones according to the Applebaum classification,
with zone 3 indicating vascular penetration into the inner hypoechoic layer of the endometrium. Pregnancy outcomes were
compared between women with successful and unsuccessful implantation.

Results: Pregnancy occurred in 32.9% of the women. Endometrial thickness and the extent of zone 3 vascularity were
significantly associated with successful pregnancy. The highest implantation rate (51%) was observed among women with an
endometrial thickness of 7-9 mm (P<0.05). Women with no blood flow in zone 3 had a significantly higher pregnancy rate
than those with low flow (P<0.05). Other variables, including endometrial morphology, uterine artery pulsatility index,
myometrial contractions, and the USSR scoring system, showed no significant predictive value.

Conclusion: Certain Doppler ultrasonographic indices, particularly optimal endometrial thickness and vascular patterns, may
help identify cycles with greater potential for successful implantation.
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Introduction

Infertility is a major public health concern affecting millions of
couples worldwide and has substantial social, psychological, and
economic consequences. Globally, approximately 15% of
couples of reproductive age experience infertility. In Iran, the
prevalence of infertility has been reported as approximately
7.8%. Among the factors affecting pregnancy success, embryo
implantation is one of the most important determinants of the
success of assisted reproductive technology (ART).

Noninvasive imaging methods play a central role in evaluating
endometrial  preparedness.  Transvaginal ultrasonography,
particularly Doppler-based techniques, has received attention
because it is accessible and safe and enables real-time evaluation
of uterine structure and blood supply. Understanding the
diagnostic value of these ultrasonographic parameters is
essential for optimizing embryo-transfer timing and improving
ART success.

Endometrial receptivity refers to the brief period during which
the endometrium is optimally prepared for embryo implantation.
It is influenced by hormonal regulation, vascular perfusion,
endometrial morphology, and myometrial activity. Ultrasound-
based indices, including endometrial thickness, the triple-line
pattern, uterine artery PIl, and subendometrial vascular
distribution, have been proposed for evaluating receptivity.
Systems such as UBP and USSR attempt to integrate this
information into clinical prediction tools.

Clinical pregnancy is defined by visualization of a gestational
sac on ultrasonography after embryo transfer. Previous research
indicates that some ultrasonographic indices are associated with
implantation success. For example, Chienm et al. showed that
subendometrial blood-flow distribution was associated with
higher pregnancy rates. Endometrial vascularity on Doppler
imaging may indicate implantation potential, and a significant
association has been found between endometrial thickness and
pregnancy rate. Zhang, et al. also proposed a receptivity scoring
system incorporating thickness, volume, peristalsis, and blood
flow. However, systematic-review evidence indicates that the
accuracy of many ultrasonographic indices varies across
populations.

Despite numerous studies, substantial limitations remain,
including small sample sizes, nonstandardized measurement
methods, and heterogeneous patient populations. The diagnostic
performance of composite systems such as USSR also remains
controversial. This study aimed to evaluate the role of color
Doppler ultrasonography in predicting embryo-transfer success
based on endometrial receptivity in women with infertility.

Methods

This prospective cohort study was conducted among 85
women with unexplained infertility undergoing IVF-ET at the
Nahal Infertility Center, Shahid Sayyad Shirazi Teaching
Hospital, Gorgan, Iran.

Patients were enrolled by convenience sampling.

Eligibility criteria were infertility, enrollment in an embryo-
transfer program (IVF-ET), and the ability to undergo complete
transvaginal ultrasonography. Patients with incomplete
information or for whom complete imaging was not possible
were excluded.

Demographic data, including age, BMI, infertility type
(primary/secondary), and reproductive history, were recorded
from the medical records. All patients underwent the same
antagonist ovarian-stimulation protocol to reduce treatment
heterogeneity.

Ovarian stimulation and embryo-transfer protocol: Human

gonadotropin (FSH or hMG) was initiated on the second day of
the cycle, and cetrorelix was started when follicles reached a
diameter of at least 14 mm. Ovulation was triggered with hCG or
a GnRH agonist when the dominant follicle reached 18 mm and
at least three follicles were larger than 16 mm. Oocyte retrieval
was performed 36 hours later, and embryo transfer followed the
PET protocol. Pregnancy outcome was determined by
visualization of a gestational sac on ultrasonography.

Ultrasonography and measured parameters: Multiple steps
were taken to standardize imaging and analysis and reduce
ultrasound-related bias. All scans were performed using one
device (Philips Affiniti 50) equipped with a 4-9 MHz vaginal
probe and fixed depth, gain, and sampling-angle settings.
Routine device calibration was performed before every imaging
session. All measurements were obtained by one trained operator
experienced in transvaginal ultrasonography to minimize
interobserver variability, using a fixed, predefined imaging
protocol. The data analyst was blinded to patient identities and
complete imaging details. These measures controlled operator-,
device-, and analyst-related bias to the greatest extent possible.

Endometrial thickness; endometrial morphology (triple-
line/non-triple-line); myometrial echogenicity; uterine artery
resistance index (Pl); presence or absence of blood flow in
endometrial zones 1, 2, and 3 according to the Applebaum
classification; myometrial blood flow; and the Uterine Scoring
System for Reproduction (USSR) score were measured for each
patient during the peri-implantation phase immediately before
embryo transfer.

Uterine Scoring System for Reproduction: The Uterine Scoring
System for Reproduction is a composite ultrasound-based tool
designed to evaluate endometrial receptivity before embryo
transfer. It includes multiple ultrasonographic parameters,
including endometrial thickness and morphology, endometrial
and myometrial blood-flow patterns, the uterine artery Doppler
index, and the presence or absence of myometrial contractions.
Each parameter is scored according to predefined criteria, and
the sum constitutes the final USSR score. USSR was calculated
according to Applebaum's original definition.

Endometrial thickness, morphology, myometrial echogenicity,
uterine artery Doppler indices, endometrial vascularity,
myometrial blood flow, and USSR score were compared
between pregnant and nonpregnant groups.

Data were analyzed using SPSS-25. Descriptive statistics were
used to describe the variables. Qualitative variables were
compared between pregnant and nonpregnant groups using the
chi-square or Fisher exact test when frequencies were low. The
Mann-Whitney test was used for nonnormally distributed
quantitative variables. Statistical significance was set at less than
0.05.

Results

Clinical pregnancy occurred in 28 women, yielding a
pregnancy success rate of 32.9%. Mean age was 32.85+4.37
years among women with a positive pregnancy outcome (28
participants) and 33.89+4.5 years among those with a negative
outcome (57 participants), with no statistically significant
difference.

Endometrial morphology categories (no layering, indistinct, or
clear triple-line) were not significantly associated with
pregnancy, although their distributions differed. Pregnancy
occurred in 40% of women with a clear triple-line endometrium,
compared with 32% of those with the indistinct pattern and 14%
of those without layering.

Endometrial thickness was significantly associated with
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pregnancy outcome (P<0.009). The highest pregnancy frequency
(51%) occurred among women with an endometrial thickness of
9-7 mm. Pregnancy occurred in 25% of women with a thickness
of 10-14 mm and in no women with a thickness greater than 14
mm.

Myometrial contraction frequency over two minutes was not
significantly  associated ~ with  pregnancy. = Myometrial
echogenicity was likewise not significantly associated;
pregnancy occurred in 36% of women with heterogeneous
echogenicity and 32% of those with homogeneous echogenicity.

The four uterine artery resistance groups were not significantly
associated with pregnancy outcome, although pregnancy rates
ranged from 25-44%. In contrast, endometrial vascularity in
zone 3 was significantly associated with pregnancy (P<0.016).
Pregnancy occurred in 60% of women with no flow, 40% of
those with high flow, and only 23% of those with low flow.
Furthermore, 77% of failed pregnancies occurred among women
with low vascularity. Myometrial blood flow was present in all
participants and therefore could not be compared between
groups.

The mean and standard deviation of the USSR score were
11.67+2.1 among women with positive pregnancy outcomes and
12.10+1.86 among those with negative outcomes. Additional
analysis evaluated USSR as a composite predictor of pregnancy.
Although 82% of pregnant women had a USSR score below 13,
statistical analysis found no significant association between the
score and pregnancy.

Cutoff analysis identified 13.5 as the optimal threshold, with
44% sensitivity, 70% specificity, a 25% positive predictive
value, and an 84% negative predictive value, indicating limited
predictive performance. Additional demographic findings
showed that women with primary infertility had a significantly
higher likelihood of pregnancy (P<0.045), and women with a
normal body mass index had higher pregnancy rates than those
in other body mass index categories (P<0.016).

Conclusion

These findings provide important insight into the multifactorial
nature of endometrial receptivity and its role in pregnancy
outcomes after IVF-ET. The observed association between
endometrial thickness and implantation success highlights the
importance of structural endometrial preparedness and suggests

that specific morphological conditions may facilitate the
biochemical and hemodynamic processes required for
implantation. These findings are consistent with the concept that
a receptive endometrium must demonstrate both adequate
functional development and appropriate vascular adaptation
during the peri-implantation window. The significant
relationship between zone 3 vascularity and pregnancy outcome
also emphasizes the central role of uterine perfusion in
supporting implantation and reinforces previous claims that
subendometrial blood flow reflects deeper physiological
preparedness of the uterine environment. Conversely, the
absence of predictive value for uterine artery Pl and the USSR
score suggests that general uterine hemodynamic indices or
composite scoring systems may not adequately capture localized
microvascular characteristics or endometrium-specific factors
that directly influence implantation. Collectively, these findings
suggest that targeted ultrasonographic indices have greater
clinical relevance than general uterine parameters when
evaluating endometrial receptivity.
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Certain Doppler ultrasonographic indices, particularly optimal endometrial thickness and vascular
patterns, may help identify cycles with greater potential for successful implantation.
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