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Lower pregnancy rate in women with high ==

uterine peristalsis before embryo transfer:
a systematic review and meta-analysis

Angela Vidal'", Valeria Trejos?, Janna Pape', Tanya Karrer®, Girkan Yilmaz* and Michael von Wolff'

Abstract

Background Uterine contractions, also known as peristalsis, have been shown to affect fertility. However,
despite previous studies, most clinicians have not paid sufficient attention to uterine peristalsis. Recent studies have
recognised its importance and evaluated contractility parameters prior to embryo transfer.

Method A systematic literature search was conducted in Medline, Embase and Cochrane CENTRAL up to January
2024. Inclusion criteria were studies involving patients undergoing in vitro fertilization (IVF) or other infertility treat-
ments in which uterine contractility was assessed. Studies were excluded if they included therapeutic interventions
that affected contractility, or if they focused on uterine pathologies such as adenomyosis or fibroids. The meta-analy-
sis included trials with IVF treatments that compared clinical pregnancy rates in women with high versus low frequent
uterine contractions.

Results A total of 2587 women (17 studies) were included in the systematic review, of whom 1134 (43.1%) (5 stud-
ies) underwent embryo transfer and were eligible for meta-analysis. The review found that elevated contractility

on the day of embryo transfer is associated with a negative impact on pregnancy rates. The meta-analysis showed
that women with two or more uterine contractions at the time of the embryo transfer had a significantly lower clinical
pregnancy rate than with women with two or fewer contractions (OR 0.52, 95% Cl: 0.38- 0.69). There was moderate
heterogeneity between studies (I?=55, p<0.01).

Conclusions The lower clinical pregnancy rate in women with high uterine contractility, highlights the role of uterine
peristalsis around the time of embryo implantation. However, due to the limited and heterogeneous data available,
the influence of uterine peristalsis on reproductive outcomes such as live birth rates remains unclear.
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fundamental importance in facilitating the acceptance
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and hence successful implantation of the embryo.
Although all of these factors are highly relevant, another
factor also appears to be relevant but has been less inten-
sively studied and is less well known: uterine peristalsis
(UP) [2, 3]. Uterine peristalsis was first described in 1973
[4] and is defined as myometrial uterine contractions
(UCQC) of variable frequency, amplitude and direction that
appear to have an effect on implantation [5-9].

Animal studies have shown that UCs play a role in the
correct positioning of the embryo in the uterine cavity
[10]. Indirect evidence in humans suggests that UCs help
to create the right conditions for embryo implantation
[11-13]. This hypothesis is supported by the observation
that uterine contractility typically decreases during the
luteal phase of the menstrual cycle [8, 11, 12].

Recent studies have shown an association between
excessive uterine activity and a reduced likelihood of clin-
ical pregnancy and implantation. Treatments to reduce
uterine contractions, such as oxytocin antagonists, have
been proposed and tested. However, the results of the tri-
als have been controversial [13]. Therefore, more knowl-
edge and a better understanding of the physiology of
UP is needed to better understand its impact on fertility
and to apply UC reducing treatments only to those who
might benefit most.

UP is primarily assessed using transvaginal ultrasound,
a non-invasive method that visualizes the frequency,
direction, and amplitude of myometrial contractions.
In clinical practice, both 2D and 3D ultrasound are cur-
rently used to quantify these contractions, typically
measuring their frequency per minute at different stages
of the menstrual cycle and during assisted reproduction
treatments. Previously, transabdominal ultrasound was
more common. More advanced techniques, such as elec-
trohysterography, which measures myometrial electrical
activity, and magnetic resonance imaging, have also been
explored, though their use is limited by cost and avail-
ability [14—16]. Evaluating UP is crucial in in vitro ferti-
lization (IVF), as excessive uterine activity at the time of
embryo transfer has been linked to lower implantation
rates [17]. However, standardizing measurement meth-
ods remains a challenge, and their integration into clini-
cal decision-making requires further validation.

We therefore conducted a review to analyze the char-
acteristics of UP and its impact on fertility treatments,
especially before embryo transfer, and performed a meta-
analysis of the study results.

Materials and methods

Registration of protocols

The study protocol was registered under the Prospec-
tive International Registry of Systematic Reviews,
PROSPERO (registry number CRD42024514500). The
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Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used [18].

Search strategy

A systematic literature search was conducted using the
Medline, Embase, and Cochrane CENTRAL databases
in January 2024. An initial MEDLINE search strategy
was developed by a medical information specialist and
tested with a list of basic references. After refinement
and querying, complex search strategies were established
for each information source based on database-specific
controlled vocabulary (thesaurus terms/subject head-
ings) and text words. Synonyms, acronyms and similar
terms were included in the text word search. The search
was limited to publications from 1946 to the present. The
search terms included “uterine contractions’, “uterine
peristalsis’, “junctional contractions’, “in vitro fertiliza-
tion’; “embryo transfer’, and “embryo implantation” We
incorporated respective thesaurus terms and used syno-
nyms, acronyms, and similar terms for all concepts in
the text word search.Animal-only studies were excluded
from the MEDLINE and Embase searches using a dou-
ble negative search strategy based on Ovid "humans only"
filters. The detailed final search strategies are presented
as a supplementary file (S1). In addition to searching the
electronic databases, reference lists and bibliographies of
relevant publications were checked for relevant studies.
All identified citations were imported into Covidence and
duplicates were removed automatically.

Inclusion and exclusion criteria

Investigators AV and VT independently assessed studies
for inclusion using the Covidence software (www.covid
ence.org). Eligibility was based on original papers reveal-
ing information about the frequency of uterine contrac-
tility per minute performed by transvaginal ultrasound
(2D or 3D) and the reproductive outcome to establish the
relationship between frequency and embryo implanta-
tion. Only clinical studies that used ultrasound to meas-
ure uterine contractility were included. We excluded
studies involving therapeutic interventions affecting con-
tractility (such as various pharmacological treatments
like progesterone, prostaglandins, anticholinergic agents,
beta-adrenergic receptor antagonists, oxytocin receptor
antagonists, prostaglandin synthetase inhibitors, nitric
oxide donors and others), uterine pathologies like adeno-
myosis or myomas, as well as those studies with an inad-
equate design or based on animals.

Data extraction

Two investigators (AV and VT), independently summa-
rized and reviewed the extracted data in detail. The pri-
mary variables of interest included the characteristics
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of the study populations such as the patients’ age, cause
and duration of infertility/sterility, the sort of treatment
cycle used, parameters related to uterine contractility like
the method of measurement, endometrial thickness, and
frequency of contractions per minute, as well as repro-
ductive outcomes, primarily the clinical pregnancy rate.
Discrepancies were discussed and resolved by consensus.

Quality assessment

The Newcastle—Ottawa scale (NOS) was utilized to
evaluate the quality of the individual studies [19]. Three
parameters were considered for individual study scor-
ing: subject selection (0-4 stars), comparability (0-2
stars), and study outcome (0-3 stars). The scoring was
composed as follows: Good quality (=3 or 4 stars in the
selection domain AND 1 or 2 stars in the comparabil-
ity domain AND 2 or 3 stars in the outcome/exposure
domain), fair quality (=2 stars in the selection domain
AND 1 or 2 stars in the comparability domain AND 2 or
3 stars in the outcome/exposure domain), and poor qual-
ity (=0 or 1 star in the selection domain OR 0 stars in the
comparability domain OR 0 or 1 stars in the outcome/
exposure domain).All included studies were reviewed
by AV and VT to independently assess risk of bias. Disa-
greements were resolved by consensus.

Data synthesis

The primary outcome of our systematic review was the
association between the frequency of contractility and
pregnancy rate. For dichotomous data, we used the num-
bers of pregnancy in the group of high (i.e.>2) vs. low
(i.e.<2) uterine contractions per minute of each study
to calculate Mantel-Haenszel odds ratios (ORs) using a
fixed and random-effects model. For the pooled ORs, sta-
tistical analyses were performed with the "metafor” func-
tion of the R software (R Core Team, Vienna, Austria,
2013). Heterogeneity was examined using Cohen’s Q sta-
tistic and the I2 statistic. In the presence of high hetero-
geneity, random-effects models were used. Furthermore,
a prediction interval was calculated as an indicator of the
anticipated uncertainty in the summary effect.

Results

Results of the systematic review

After screening the abstracts and the full text of the study
topic, 103 studies remained. However, we excluded 86 of
these studies as they did not fit our predetermined inclu-
sion criteria. Therefore, we included 17 articles in the sys-
tematic review (Fig. 1).

Study characteristics
The characteristics of the study populations are summa-
rized in Table 1. Fifteen studies were prospective and two
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retrospective. The population was women with infertility
without uterine pathology.

The patients included in the 17 studies were mainly
European (ten studies) and 7 studies evaluated Asian
population. In total, 2587 women were included in the
review, of whom 1134 (43.83%) (5 studies) were eligible
for meta-analysis. The sample sizes of the studies varied
considerably, ranging from six to 635 patients.

Six good-quality studies were identified [9, 14, 26, 28, 29,
31]. The methodological quality of the majority of these
studies was rated as either poor (n=4) or fair (n=7), pri-
marily due to the absence of a comparison group (Table 2).

Results of individual studies

The timing of contractility measurement varies across
studies: Three studies evaluated UP on the trigger day [8,
12, 21], four assessed it on the day of oocyte retrieval [6,
8, 26, 33], 12 studies investigated UP just before embryo
transfer in the cleavage stage [6, 9, 12, 20, 23, 25, 28,
29, 31, 32, 34] and two on day 5 [14, 25]. Another key
issue is interpreting contractility in different IVF cycles,
both fresh and frozen. This interpretation must be dif-
ferentiated and evaluated in order to draw conclusions
about uterine contractility. The duration of ultrasound-
recorded uterine contractility in the majority of studies
ranged from 3 to 5 min and was analysed based on con-
tractions per minute.

Contraction frequency

A balance of increased uterine frequency (not exceeding
2 uterine contractions (UC) /min), combined with lower
amplitude of uterine activity, may promote success-
ful embryo implantation. This is particularly observed
in blastocyst transfer, where a lower frequency of UCs
tends to be linked with higher pregnancy rates [6, 14, 28].
Consistent with these findings, studies on the impact of
uterine peristalsis in IVF have demonstrated a negative
correlation between elevated contraction activity (>3
waves per minute) and clinical pregnancy rates [12, 32].

Contraction amplitude

Vlaisavljevic et al. [25] stated that the contraction ampli-
tude does not contribute to pregnancy outcomes. Blank
et al. [14] suggested that a combination of higher fre-
quency (up to 2 UC/min) and lower amplitude of uter-
ine activity could potentially facilitate successful embryo
implantation.

Direction of contraction

Fanchin et al. [5] examined the pattern of UC in patients,
including the relative prevalence of retrograde, antero-
grade, antagonistic, and non-propagated UC. They con-
cluded that these patterns did not influence the outcome
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Fig. 1 PRISMA flow chart. Flowchart of the bibliography search and selection process

of embryo transfer [7]. Chung et al. [28] similarly found
that approximately 40% of contractions, both before and
after transfer, were directed as retrograde and antero-
grade waves, respectively. They also did not find a sig-
nificant correlation between the wave direction at -5 min
and+5 min, with either pregnancy outcome or proges-
terone level. However, a significant difference was found
for live birth rates (LBR) among different wave directions
at+60 min after the transfer procedure. The highest rate
was among women with no contractions/direction or

those with an indeterminate direction. This suggests that
a uterus that is either at rest or has contractions of inde-
terminate direction may provide a more stable environ-
ment for embryo implantation.

Impact of progesterone concentration on contractions

Fanchin et al, [7] described a significant inverse rela-
tionship between progesterone plasma levels and the
frequency of UCs. As progesterone levels decreased, con-
traction frequency increased. In line with this in case of
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ovarian stimulation, progesterone levels were negatively
correlated with the amplitude of UCs [14, 24]. However,
other studies found that serum progesterone level on the
day of embryo transfer did not influence clinical preg-
nancy rate [14, 25, 32].

Meta-analysis results

Global uterine contractility and pregnancy rate

Five studies were eligible for meta-analysis, comparing
pregnancy rates between women with high vs. low- uter-
ine contractility after different In vitro fertilization (IVF)
treatments followed by cleavage-stage embryo transfer.
Women with more than two uterine contractions (UC)/
min had a significantly lower clinical pregnancy rate
compared to women with lower uterine contractility (OR
0.52, 95% CI: 0.38- 0.69). There was moderate heteroge-
neity between studies (I>=55%, p <0.01). The prevalence
of each of these studies, the summary prevalence and the
prediction interval are shown in Fig. 2.

Discussion

The aim of this systematic review was to analyze data
on UP and the association with clinical pregnancy rates,
focusing on UP before embryo transfer in patients under-
going fertility treatment, particularly IVF. Our data sug-
gest a lower pregnancy rate in women with high uterine
peristalsis before embryo transfer.
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The strengths of the study is that we not only per-
formed a systematic review but also a meta-analysis.
The meta-analysis showed that having more than two
contractions per minute at the time of embryo transfer
reduces the pregnancy rate by half (OR: 0.52; 95% CI:
0.38-0.69).

Their weakness is that all included trials transferred
embryos at cleavage, 2-3 days after egg retrieval. This
approach did not cover the implantation window. Fur-
thermore, only one study explicitly excluded patients
with uterine pathology [28], a crucial variable in the
assessment of contractile dysfunction. Another point to
consider is that ultrasound technology has developed and
improved considerably over the years [17, 35]. This may
have an impact on the quality of data obtained in previ-
ous studies. Therefore, although this issue was extensively
studied in the 1990s [7, 23, 36], it is essential to revisit it
with today’s technology and it is therefore necessary to
address this issue. This approach is particularly relevant
to better interpret the effect of uterine contractility on
implantation, for which the development of imaging
accuracy and quality will be crucial. Finally, because the
meta-analysis was performed on mixed study cohorts, it
is difficult to interpret the effects of various external fac-
tors such as IVF treatment, progesterone treatment and
its route of administration, and patients with recurrent
implantation failure. Notably, the heterogeneity among
the included studies is a key limitation, as variations in

Weight Weight
Study Odds Ratio OR 95%-Cl (common) (random)
Fanchin et al., 1998 1l|- 0.71 [0.40; 1.24] 18.8% 24.5%
Zhu et al., 2014 ——! 0.05 [0.01;0.34] 11.6% 2.0%
Zhu et al., 2014 '-:' 0.45 [0.28;0.73] 33.3% 33.3%
Hoi Sze Chung et al., 2017 i 0.62 [0.38; 1.00] 27.7% 32.4%
Javedani Masroor et al., 2023 —a 0.29 [0.10; 0.81] 8.5% 7.7%

¢
Common effect model & 0.49 [0.37; 0.64]  100.0% :
Random effects model d 0.52 [0.38; 0.69] . 100.0%
| T T |
0.01 0.1 1 10 100

Clinical pregnancy in high vs. low uterine contractility

Heterogeneity: /* = 55%, 1 = 0.0092, %2 = 8.82 (p = 0.07)

Fig. 2 Pooled global uterine contractility and implantation rate. Forest plot of odds ratios (OR) and 95% confidence intervals (Cl) for studies
evaluating uterine peristalsis and clinical pregnancy. The blue squares in each study indicate the OR, the size of the squares indicates the study
weight, and the horizontal lines indicate the 95% Cl. The data in blue diamond represent the pooled OR in patients with high vs. low uterine
contractility and 95% Cl. Overall estimates are presented in the fixed- and random-effects models. The prediction interval is defined as the interval
within which the effect size of a new study would fall if this study were selected at random from the same population of studies already included

in the meta-analysis
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study design, patient populations, stimulation protocols,
and contractility assessment methods may have influ-
enced the findings. Despite applying statistical methods
to quantify heterogeneity, the limited number of studies
(n=5) reduces the robustness of the evidence.

Based on previous research on UP during natural men-
strual cycles, UP of the 'uterine myometrial (subendome-
trial) unit’ is characterized by differences in frequency,
amplitude and direction of contractions (Table 3). The
uterine contraction frequency limit of two contractions
per minute, which serves to distinguish between low and
high contractility, was selected on the basis of established
physiological findings from studies of the late luteal
phase. Specifically, significant contributions to this field
were provided by van Gestel et al. [37]. Therefore, these
findings reflect the natural decline in uterine contractil-
ity during the luteal phase, which is essential for embryo
implantation. The highest frequency of uterine contrac-
tility often occurs with cervical-fundal wave direction
just before ovulation [8, 32] (Supplement 2). This change
in orientation allows efficient transport of sperm to the
fallopian tubes [8, 23, 36, 38, 39, 39]. Asymmetric UP is
induced by local hormone production in dominant folli-
cles [36]. As a result, contractile activity decreases, cre-
ating a favorable environment for implantation. During
the luteal phase, the uterus remains inactive, providing
an ideal environment for embryo implantation [7, 40]. As
physiological UP appears to have specific fertility func-
tions, dysfunctional contractions could contribute to
infertility [21, 38].

However, uterine peristalsis is defined as wave move-
ments in the subendometrial layer that can be detected
by ultrasound [41]. Assessing the frequency of uterine
contractions at different times in the menstrual cycle
has implications for embryo implantation rates. The
frequency of contractions is one to two per minute
with small amplitudes at the beginning of the follicular
phase [7, 8, 12]. Then, around the time of ovulation, the
frequency increases to around 3—4 per minute. During
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the luteal phase, both the frequency and amplitude of
contractions decrease to facilitate implantation of the
embryo. Independently of observations made earlier in
the menstrual cycle, the high frequency of uterine con-
tractions on the day of transfer is still associated with
a lower implantationsrate. Measurement of uterine
contractility closer to the time of embryo transfer has
a more significant effect on implantation success [17].
In line with this studies of the impact of UP on IVFs
have shown a negative correlation between high esti-
mated contraction activity (>3 wave/min) and clini-
cal pregnancy [7, 9]. Chung et al. [28] investigated the
measurement of UP and its frequency before and after
embryo transfer (ET) (+5,+60 min) using 2D ultra-
sound. Notably, the increased UP observed 5 min after
ET was only significant in the non-pregnant group
(14.7%) and not in the pregnant group (8.5%). The fre-
quency of contractions also returned to its original rate
60 min after ET. These results suggest that a prolonged
high uterine frequency may have a negative effect on
the pregnancy rate. In addition, women who had more
than five contractions after ET were found to have a
significantly lower live birth rate. A positive associa-
tion between pregnancy rates and low pre-ET UP (less
than 4 waves per minute) was found by Masroor et al.
(2023) in a similar study [31]. Conversely, high fre-
quency, low amplitude post-ET uterine activity may
actually enhance embryo implantation, as suggested in
a pilot study by Blank et al. [14]. Current evidence sug-
gests a potential association between excessive uterine
contractility and recurrent implantation failure (RIF).
A recent study by Dong et al. (2023) identified abnor-
malities in uterine muscle contractions, along with
inflammation and impaired vascularization, as key fac-
tors in the pathogenesis of RIF [42]. These findings sup-
port the hypothesis that increased uterine contractility
could contribute to implantation failure, highlighting
the need for further research to establish a direct causal
relationship between RIF and uterine activity.

Table 3 Characteristics of UP frequency, direction and amplitude of UC in different phases of the menstrual cycle (van Gestel et al,,

2003) [37]
Phase Subphase Frequency (contractions/min) Amplitude (mmHg) Direction
Menstruation 0.33-30 136 FC
Follicular phase Mild 1.5-33 52 FC/CF
Late 3.0-6.0 29 CF
Luteal phase Early 2.0-4.0 Amplitude rises
Late 0.8-1.8 CF/opposing Opposing/
no contrac-
tions

Abbreviations: CF cervix to fundus, FC fundus to cervix, opposing = Contractions are initiating both in the cervical and fundal regions, UP uterine peristalsis, UC uterine

contraction
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The direction of UCs after ET is a critical factor for
implantation and consequently has a significant impact
on the reproductive outcome [32, 43]. Lesny et al. [44]
warned of the risk of excessive contractions leading to
expulsion of the transferred fluid. Also, the pregnancy
rate had been correlated with the movements of the
endometrium, the amount of UP, the cervicofundal direc-
tion and the hyperechoic change, with a higher cervico-
fundal movement being observed in the pregnant group
[45].

Current evidence suggests that uterine contractility
differs significantly between fresh and frozen IVF cycles,
with potential implications for implantation rates and
reproductive success. Research conducted by Zhu et al.
[32] and Chung et al. [28] has identified increased uter-
ine contractility in fresh cycles; this phenomenon is likely
influenced by hormonal fluctuations resulting from ovar-
ian stimulation [28, 32]. These fluctuations have been
demonstrated to compromise endometrial receptivity
and reduce pregnancy rates. However, Masroor et al. [31]
and Fanchin et al. [12] have demonstrated that uterine
contractility is lower in frozen cycles, where endometrial
preparation is more stable and less affected by hormonal
variations, potentially facilitating embryo implantation.
These findings underscore the importance of considering
cycle type when evaluating uterine contractility and its
impact on IVF outcomes, highlighting the need for indi-
vidualised strategies to optimize the uterine environment
for successful implantation.

The prevalence of UCs may be influenced by several
factors, including hormonal factors such as progesterone.
Progesterone has been suggested to be negatively corre-
lated with the amplitude of UCs [7, 14]. However, some
studies show no significant differences between pregnant
and non-pregnant women [25, 28]. Observational studies
suggest a reduction in UP [17]. Further clinical research
is required to investigate the relationship between pro-
gesterone levels and uterine activity on day 5 of ET. The
effect of progesterone or route of progesterone supple-
mentation also require critical investigation.

The impact of uterine pathology on UC was evaluated
by a recent study by Rees et al. [46] evaluated uterine con-
tractility during different phases of the menstrual cycle in
patients with adenomyosis compared to a healthy control
group. This study found that women with adenomyosis
had dysfunctional uterine contractility, particularly in the
luteal phase, characterised by higher amplitude, slower
velocity and less coordinated contractions. Boer’s review
[47] indicates that despite the heterogeneity of the stud-
ies reviewed, uterine abnormalities typically resulted in
altered and reduced UCs. However, there is a very limited
amount of good quality research on this topic, despite its
clinical importance.
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The method of measuring uterine contractility is a key
point of discussion. A definitive method of measuring
contractions has not been identified, because of limita-
tions in all the diagnostic tools currently in use, although
many studies have been conducted on UP over the years.
Intrauterine pressure measurement is not the optimal
diagnostic tool during IVF cycles, as its invasive charac-
ter potentially affects the characteristics of the UC and
making it impractical for ET. A further issue is the sub-
jective and operator dependent nature of transvaginal
(2D) ultrasound, which makes it problematic. Although
other methods such as 3D and 4D transvaginal ultra-
sound have gained popularity in recent years, the need
for operator expertise remains. Transabdominal ultra-
sound is another option, but presents challenges due to
external factors such as bladder fullness and body mass
index (BMI) during ET [28]. More objective alternatives,
such as magnetic resonance imaging (MRI), are costly
and inappropriate for procedures close to ET. Alterna-
tively, a novel technique, electrohysterography (EHG),
may offer an objective, user-friendly and non-invasive
measurement tool that can provide information on the
most electrically active regions during different phases of
the menstrual cycle [35].

The findings from this review and meta-analysis high-
light the need to consider UP assessment as part of clini-
cal practice, particularly in women undergoing IVE. The
strong association between increased UP and reduced
pregnancy rates suggests that evaluating UP could
provide valuable diagnostic insight. However, while
interventions such as oxytocin antagonists have been
explored to mitigate excessive uterine activity, clinical
trials have yielded inconsistent results [48]. Although it
is still premature, the integration of UC assessment into
the diagnostic workup for women with RIF prior to any
subsequent embryo transfers should be considered. The
use of newer and more precise measurement tools could
facilitate a more accurate evaluation of uterine activ-
ity, allowing for targeted interventions only in cases of
elevated UP. Further studies are needed to validate these
findings and determine whether reducing UP in selected
patients can improve pregnancy and live birth rates, ulti-
mately optimizing IVF outcomes.

The standardization of uterine contractility measure-
ment is a critical aspect of research on its impact on
embryo implantation and pregnancy rates in assisted
reproductive treatments. The reviewed evidence sug-
gests that a higher frequency of uterine contractions
at the time of embryo transfer is associated with a
reduced success rate, highlighting the need for more
precise and uniform evaluation methods. The imple-
mentation of advanced techniques, such as 2D and 3D
transvaginal ultrasound, along with emerging tools like
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electrohysterography, would allow for more reliable and
reproducible data, facilitating the integration of uterine
contractility as a key factor in clinical practice. In the
future, studies adopting standardized methodologies
could not only enhance the understanding of uterine
physiology in the context of in vitro fertilization but
also contribute to the development of targeted thera-
peutic strategies, ultimately optimizing implantation
and pregnancy rates in patients undergoing fertility
treatments.

Despite strictly following the recommendations for
high-quality systematic reviews and meta-analyses, our
study has some limitations. First, the sample sizes in
several included trials were small, preventing subgroup
analyses, such as those focusing on women with recur-
rent implantation failure or specific uterine patholo-
gies like fibroids or adenomyosis. Additionally, the
heterogeneity among studies in terms of patient char-
acteristics, stimulation protocols, and embryo transfer
techniques makes it challenging to draw definitive con-
clusions about the direct impact of uterine contractility
on implantation. Moreover, contractility was assessed
exclusively through transvaginal ultrasound, a method
highly dependent on the operator, which may have
introduced variability in the results. Finally, since most
of the included studies analyzed cleavage-stage transfers
(day 2-3), our findings may not be fully generalizable
to blastocyst transfers (day 5), which are increasingly
used in clinical practice. Future studies with prospec-
tive designs and more objective measurement methods
are needed to better understand the influence of uterine
contractility on reproductive outcomes.

In conclusion, the lower clinical pregnancy rate in
women with high uterine contractility highlights the
role of uterine peristalsis around the time of embryo
implantation. However, due to the limited and hetero-
geneous data available, the influence of uterine peristal-
sis on reproductive outcomes such as live birth rates
remains unclear. Further research is required to improve
our understanding of the role of UP on infertility and
IVE. Further research should be based on a user-friendly,
objective measurement tool for the interpretation of
UCs.
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