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The impact of endometrial mechanical stimulation in women with
normal hysteroscopic findings undergoing IVF/ICSI: a meta-analysis
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Abstract

Background: To investigate whether hysteroscopic endometrial mechanical stimulation improves pregnancy outcomes in patients un-
dergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI). Methods: We conducted a systematic search in electronic
databases including PubMed, Embase, Cochrane Library, Web of Science from their inception to Feb 20th, 2021, as well as a manual
search. All publications on the impact of hysteroscopic endometrial mechanical stimulation on IVF/ICSI outcomes were retrieved. Two
reviewers independently screened the retrieved studies using stringent inclusion and exclusion criteria; data were subsequently extracted,
and risk of bias was assessed. Meta-analysis of the selected studies was performed using Revman 5.3. Results: Eight studies involv-
ing 1494 patients were eligible for inclusion, including 5 randomized controlled trials and 3 prospective non-randomized simultaneous
controlled experimental studies. We found that compared with the control group, hysteroscopic endometrial mechanical stimulation ef-
fectively increased live birth rate [risk ratio (RR) =2.15, 95% confidence interval (CI) (1.78, 2.60), p < 0.00001] and clinical pregnancy
rate [RR =1.95, 95% CI (1.28, 2.98), p = 0.002], and also decreased abortion rate [RR = 0.54, 95% CI (0.35, 0.86), p = 0.009]. Subgroup
analyses revealed that, hysteroscopic endometrial mechanical stimulation administered in the luteal phase in patients undergoing their
first IVF/ICSI cycle was associated with significantly higher live birth rate and clinical pregnancy rate, as well as a significantly lower
abortion rate. Discussion: Endometrial mechanical stimulation may improve live birth rate, clinical pregnancy rate and reduce abortion
rate in patients with normal hysteroscopic findings who are undergoing IVF/ICSI. The benefits may be even greater if this therapy is
given in the luteal phase and in patients who are in their first IVF/ICSI cycle. However, due to the limited quantity and quality of the
included studies and variable stimulation methods, these findings should be interpreted with caution, and more high-quality studies are
needed to confirm this conclusion.
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1. Introduction of decidual cells, and subsequent studies proposed that the
decidual growth might be attributed to the inflammatory re-
sponse triggered by local injury to the endometrium [3].
In 2003, Barash et al. [4] proposed that endometrial me-
chanical stimulation by endometrial biopsy could improve
endometrial receptivity and thus facilitate embryo implan-
tation. The underlying mechanism is poorly understood,
which may involve endometrial decidualization caused by
histamine release in response to local damage to the en-

As the prevalence of infertility increases year by year,
the number of patients seeking assisted reproduction is also
increasing. Despite advances in assisted reproductive tech-
nology (ART), the clinical pregnancy rate is only about 30%
[1], and thus, it is imperative to improve the success rate
of ART. Endometrial receptivity is a key factor influencing
embryo implantation. Good blastocyst development and

simultaneous development of endometrial receptivity are
essential for implantation 6-10 days after ovulation, i.c.,
at the mid-secretory phase of menstrual cycle. Although
in most cases this occurs naturally, desynchrony between
blastocyst and endometrial development is noted in some
women, thus affecting embryo implantation [2]. Embryo
implantation is an inflammatory process; in 1907, Loeb first
reported that scratching the guinea pig uterus during the pre-
pregnancy phase of estrous cycle resulted in rapid growth

dothelium; a large number of cytokines and growth factors
involved in the process of embryo implantation are secreted
during the repair of endometrial lesions [4], and local injury
increases endometrial receptivity by regulating the expres-
sion of multiple genes, which may contribute to the success
of embryo implantation [5].

Over the past 20 years, many studies have been con-
ducted on endometrial mechanical stimulation by means of
pipelle biopsy tube, small curette, hysteroscopy, or hys-
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teroscopy combined with surgical instrumentation [6]. En-
dometrial mechanical stimulation is simple and can be per-
formed by many gynecologists, but the procedure may
cause pain and carries the risk of higher cost, endometrial
injury and etc. [7]. Also, mixed results have been reported
on its effect on pregnancy outcomes after embryo transfer.
Some studies observed that endometrial mechanical stim-
ulation might improve the implantation rate and live birth
rate and reduce the miscarriage rate [8], while others did
not found any benefits for embryo implantation [9]. Hys-
teroscopy provides a direct visualization of the uterine cav-
ity and is the gold standard for the diagnosis of uterine dis-
eases, which avoids the disadvantages of other mechani-
cal stimulation methods that cannot detect uterine lesions.
With advances in hysteroscopy techniques, hysteroscopic
procedures can be performed in an outpatient setting with-
out any anesthesia. It is of clinical relevance to determine
whether it is necessary to administer endometrial mechan-
ical stimulation that may increase the risks of pain, higher
cost, and injury in patients with normal hysteroscopic find-
ings [7], and whether this procedure can increase clinical
pregnancy rate. Although several meta-analyses have been
published, there is a lack of study assessing the effect of en-
dometrial mechanical stimulation on embryo implantation
in patients with normal hysteroscopic findings. Thus, this
meta-analysis was performed to provide a more scientific
basis for clinical decision-making.

2. Materials and methods

2.1 Study sample

2.1.1 Inclusion criteria

(1) study type: randomized controlled trials (RCTs)
and non-RCTs; (2) study subjects: infertile patients under-
going in vitro fertilization (IVF)/intracytoplasmic sperm in-
jection (ICSI), regardless of nationality, ethnicity, or dura-
tion of illness; no acute inflammation or systemic disease;
(3) interventions: hysteroscopy combined with endometrial
mechanical stimulation followed by IVF/ICSI in the treat-
ment group; while hysteroscopy or other examination ex-
cluded endometrial lesions and IVF/ICSI subsequently in
the control group; (4) outcome measures: live birth rate,
clinical pregnancy rate, and abortion rate; (5) published
studies or with publication year; with adequate description
of sample size and results.

2.1.2 Exclusion criteria

(1) retrospective studies; (2) studies with no con-
trol group, or with significant baseline differences between
groups; (3) duplicate publications, studies with flawed de-
sign, incomplete data, or were of low-quality; (4) studies
with insufficient descriptions despite contact with the au-
thor; (5) studies with incorrect and uncorrectable statistical
methods or unusable data; (6) animal experiments, case re-
ports or literature reviews.

2.2 Methods
2.2.1 Search strategy

The following electronic databases were searched
from their inception to Feb 20th, 2021: PubMed, Em-
base, Cochrane Library, and Web of Science; and man-
ual search was also performed. The search terms were
((“Hysteroscopy”’[Mesh]) OR (Hysteroscop*) OR (Endo-
scop*) OR (mini-hysteroscop*) OR (minihysteroscop*))
AND ( (endometrial biopsy) OR (endometrial injury) OR
(endometrial trauma)) OR (mock embryo transfer) OR (en-
dometrial sampling) OR (endometrial local injury) OR (en-
dometrial priming) OR (endometrial harm) OR (endome-
trial wound) OR (endometrial lesion) OR (endometrial
damage)) AND ((assisted reproducti*) OR (IVF) OR (in
vitro fertili*) OR (in vitro fertil*) OR (ICSI) OR (intracyto-
plasmic sperm injection) OR (embryo* AND transfer*) OR
(blastocyst™ AND transfer*) OR (FET) OR (“Reproductive
Techniques, Assisted”[Mesh])). A total of 912 studies pub-
lished in English were retrieved.

2.2.2 Study selection and data extraction

Study selection and data extraction was conducted by
two reviewers independently. First, they screened the ti-
tle and abstract for potentially relevant studies. Next, they
read through the entire study to evaluate its eligibility for
inclusion. Then, resultant studies from the two reviewers
were compared; any discrepancies between the two review-
ers were resolved through discussion with a third reviewer,
who was an expert in the field. Data were extracted from
each study according to the data extraction table. If there
was any missing data, the corresponding author was con-
tacted to obtain the required information. If a study group
had multiple articles based on similar patients and using the
same measures, only the largest or most recent article was
included. The data extracted comprised the following: (1)
basic information such as name of first author and year of
publication; (2) study design, and parameters for risk of bias
assessment; (3) basic patient characteristics, such as sam-
ple size (treatment/control group), patient age, and nation-
ality; (4) details of intervention strategies, including timing
of hysteroscopy and specific methods of endometrial me-
chanical stimulation; (5) outcome data including live birth
rate (i.e., the ratio between the number of live births beyond
22 weeks of gestation and the total number of transfers);
clinical pregnancy rate (clinical pregnancy defined as the
ultrasound presence of a fetal heartbeat in the gestational
sac); and abortion rate (i.e., the ratio between the number
of early pregnancy losses and the total number of clinical
pregnancies).

2.2.3 Assessment of risk of bias

We utilized the Cochrane risk-of-bias tool [10] to eval-
uate the included RCTs. For non-RCTs, the methodological
index for non-randomized studies (MINORS) [11] was used
to assess risk of bias.
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Database search (n=912), including Cochrane

(n=244) and EMbase (n=371)

Library (n=82), Web of Science (n=215), PubMed

‘ Initial screening by title and abstract (n=629) ‘

‘ Further screening by full text (n=35) ‘

‘ Eligible for inclusion (n=8) ‘

Fig. 1. Flow chart of study selection.

2.3 Statistical analysis

We used Review Manager 5.3 (The Cochrane Collab-
oration, Oxford, UK) [12] to perform meta-analysis. Con-
tinuous variables were presented as mean differences (MD),
while categorical variables were reported as relative risks
(RR). For each outcome measure, point estimates and 95%
confidence intervals (95% CI) were also calculated. Het-
erogeneity across studies was evaluated using the 12 statis-
tic. Statistical significance was set at « = 0.05. If p < 0.05
or I2 > 50%, a random-effect model was applied; other-
wise, a fixed effect model was used. Subgroup analyses
were performed to detect the source of significant clini-
cal heterogeneity. According to the Cochrane Handbook
for Systematic Reviews of Interventions, publication bias
should not be tested by funnel plot asymmetry when fewer
than 10 studies are included in the meta-analysis, because
the power of the tests is too low to distinguish chance from
real asymmetry. In our review, only 8 studies were included
and thus funnel plot was not assessed.

3. Results
3.1 Study selection

A total 0of 912 relevant studies were initially retrieved.
After careful screening, 8§ studies [6,8,13—18] met the el-
igibility criteria including 5 RCTs [8,13,14,16,18] and 3
prospective non-randomized simultaneous controlled ex-
perimental studies [6,15,17]. Totally 1494 patients were in-
cluded for analysis. The search process and the number of
studies obtained in each step were presented in a flow chart
in Fig. 1.
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‘ Removal of duplicate studies (n=283) ‘

Exclusion of irrelevant studies
» (n=570), case reports (n=15), and
animal experiments (n=9)

| Exclusion of other study type (n=11),
and incomplete outcome data (n=16)

3.2 Basic characteristics and quality assessment

Tables 1,2 (Ref. [6,8,13—18]) presented the basic char-
acteristics of the included studies. A total of 1494 patients
from 8 countries or regions were included; of the 8 articles,
2 [17,18] had impact factors greater than 3 points, while the
quality of the other articles was relatively low. Fig. 2 pre-
sented the assessment of risk of bias for the included RCTs.
All RCTs described the process of random sequence gener-
ation, and all were of low risk; 3 RCTs [8,13,14] used sealed
envelopes for allocation concealment and were rated as low
risk, while the other 2 RCTs [16,18] did not mention allo-
cation concealment and were rated as uncertain risk; only 1
RCT [13] achieved double-blindness and was rated as low
risk, while the other RCTs were rated as high risk because
blinding was not feasible; no loss to follow-up was reported
in 3 RCTs [8,13,14], and the loss to follow-up rate was
lower than 20% in the other 2 RCTs [16,18], so all RCTs
were rated as low risk in terms of data integrity; the study
protocol was not available in all RCTs, and thus the risk of
selective reporting was considered as uncertain; all RCTs
appeared to be free of other sources of bias, and were re-
garded as low risk. The methodological quality assessment
of non-RCTs was presented in Table 3 (Ref. [6,15,17]). All
non-RCTs scored at least 12, and therefore all could be in-
cluded in our meta-analysis.
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Table 1. Basic characteristics of the included studies.

Study

Study design Study quality

Country

No. of patients (T/C)

Mean age

Interventions

(T/C, years)

T

Outcome measures

Berntsen, S 2020 [16] RCT

Timur Giirgan 2019 [18] RCT

Dejan Miti¢ 2018 [6]a Prospective

Dejan Miti¢ 2018 [6]b Prospective

Charalampos Siristatidis

Prospective
2017 [15]

Ahmad Mahran 2016 [8] RCT
RCT

Amal Shohayeb 2012 [13]

Narvekar, Sachin A
2010 [14]

RCT

Huang, S. Y. 2011 [17] Prospective

IF 1.868

IF 3.218

MIN 22

MIN 22

MIN 22

IFO

IF 1.868

IF O

IF 3.235

Denmark

Turkey

Serbia

Serbia

Greece

Egypt

Egypt/Saudi Arabia

India

Taiwan

95/95

124/115

40/151

40/41

51/52

200/200

100/100

49/51

6/24

34.0 £4.5/34.7 £ 4.0

hysteroscopy + endometrial injury in

the follicular phase of the cycle before

ovulation induction

34.31 + 3.83/33.64 = 4.25 hysteroscopy + endometrial injury in

the follicular phase of the cycle before

ovulation induction

32.78 £4.12/33.61 &+ 3.65 hysteroscopy + endometrial injury in

the follicular phase before ovulation
induction

none

none

none

32.78 4+ 4.12/34.00 £ 3.49 hysteroscopy + endometrial injury in hysteroscopy alone

36 (27-42)/36 (28-41)

31.4+£0.7/30 £ 0.7

30.7 £ 4.5/30.6 = 4.5

32.16 £3.4/32.36 +3.3

34 £3.0/35 4.1

the follicular phase before ovulation

induction

hysteroscopy + endometrial injury in
the follicular phase of the cycle before

implantation

none

hysteroscopy + endometrial injury in hysteroscopy alone

the follicular phase of the cycle before

implantation

hysteroscopy + endometrial injury in hysteroscopy alone

the follicular phase of the cycle before

implantation

follicular-phase hysteroscopy +
intraoperative endometrial injury +
luteal-phase endometrial injury before
implantation
hysteroscopy + endometrial injury in
the follicular phase before ovulation
induction

hysteroscopy alone

none

@O0

OO0

OOO®

OOO®

VO]

ORB®B®

OB

OO0

OO

Notes: RCT, randomized controlled trial; prospective, prospective non-randomized simultaneous controlled experimental study; IF, impact factor; MIN, methodological index for non-randomized studies;
T, treatment group; C, control group; a, in the study of Dejan Miti¢ 2018, the intervention group included 40 patients who received LEI (local endometrial injury) during hysteroscopy, and the control group
included 151 patients who did not receive hysteroscopy or LEI; b, in the study of Dejan Miti¢ 2018, the intervention group included 40 patients who received LEI during hysteroscopy, and the control group

included 41 patients who received hysteroscopy without LEL
(Dembryo implantation; @biochemical pregnancy; Gclinical pregnancy; @live birth; Gabortion; ®multiple pregnancy.
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3.3 Results of meta-analysis
3.3.1 Live birth rate

Six studies were included for this analysis [8,13—
16,18]. Due to sufficient homogeneity across studies [p =
0.81, I? = 0%], a fixed-effect model was applied. The live
birth rate was significantly higher in the treatment group
compared with that of the control group [RR = 2.15, 95%
CI (1.78, 2.60), p < 0.00001] (Fig. 3). Similar results
were obtained in all subgroup analyses stratified by RCT
vs. non-RCT, and prior history of failed cycles. A sig-
nificantly higher live birth rate was noted in the treatment
group compared with that of the control group in both RCTs
[RR = 2.14, 95% CI (1.76, 2.60), p < 0.00001] and non-
RCTs [RR =2.29, 95% CI (1.10, 4.80), p = 0.003] (Fig. 4).
Hysteroscopic endometrial mechanical stimulation signifi-
cantly improved the live birth rate both in patients with at
least one failed cycle [RR = 1.90, 95% CI (1.41, 2.56), p <
0.0001] and in patients undergoing their first IVF/ICSI cy-
cle [RR =2.39, 95% CI (1.88, 3.05), p < 0.00001] (Fig. 5).

Blinding of outcome assessment (detection bias)

Selective reparting {reparting bias)

Ahmad Mahran2016

=

Amal Shohayeb2012

~ | @ | @ | Alocation concealment (selection bias)

. o
® O O O | O ncomplets outcome data (attrition bias)
(8]

=

Berntsen, 32020

Marvekar, Sachin AZ010

v @

® © ® ® @ sindingofpaticipants and personnel (performance hias)

® @ ® @ O  Rrandomseguence generation (selection hias)
(8]
® D O O O otherbias

Tirnur Glrgan2014

Fig. 2. Assessment of risk of bias for the included RCTs.

3.3.2 Clinical pregnancy rate

Eight studies were included for this analysis [6,8,13—
18]. Due to significant heterogeneity across these studies [p
< 0.00001, I? = 84%], a random-effect model was used. A
significant difference in clinical pregnancy rate was noted

&% IMR Press

between the treatment group and the control group [RR =
1.95, 95% CI (1.28, 2.98), p = 0.002] (Fig. 6). Similar re-
sults were obtained across all subgroup analyses stratified
by timing of stimulation (follicular and/or luteal phases),
RCT vs. non-RCT, and prior history of failed cycles. En-
dometrial mechanical stimulation administered in the luteal
phase was associated with a significantly higher clinical
pregnancy rate when compared with the control group [RR
=7.00, 95% CI (4.63, 10.58), p < 0.00001] (Fig. 7). A sig-
nificantly higher clinical pregnancy rate was observed in
the treatment group than that of the control group in both
RCTs [RR =2.36, 95% CI (1.18, 4.72), p = 0.02] and non-
RCTs [RR=1.53,95% CI(1.21, 1.94), p=0.0005] (Fig. 8).
Hysteroscopic endometrial mechanical stimulation signifi-
cantly improved the clinical pregnancy rate in patients with
at least one failed cycle [RR = 1.77, 95% CI (1.41, 2.23), p
< 0.00001], those in their first IVF/ICSI cycle [RR = 7.00,
95% CI (4.63, 10.58), p < 0.00001] and those undergo-
ing their first/second IVF cycle [RR = 1.35, 95% CI (1.01,
1.80), p < 0.04] (Fig. 9).

3.3.3 Abortion rate

Five studies were included for this analysis [8,13,15,
17,18]. Due to statistical homogeneity across studies (p
= 0.89, I? = 0%), a fixed-effect model was applied. The
abortion rate was significantly lower in the treatment group
compared with that of the control group [RR = 0.54, 95%
CI(0.35,0.86), p=0.009] (Fig. 10). According to subgroup
analyses stratified by RCT vs. non-RCT, and prior history
of failed cycles, significant differences favoring the treat-
ment group were found in RCTs and in patients undergoing
their first IVE/ICSI cycle, whereas the differences were not
statistically significant in non-RCTs and in patients with at
least one failed cycle. A significantly lower abortion rate
was noted in the treatment group compared with that of the
control group in RCTs [RR = 0.51, 95% CI (0.3, 0.88), p
= 0.02], but only numerically lower in non-RCTS [RR =
0.62, 95% CI (0.27, 1.43), p = 0.26] (Fig. 11). A signif-
icantly lower abortion rate was observed in the treatment
group compared with that of the control group in patients
undergoing their first IVE/ICSI cycle [RR = 0.45, 95% CI
(0.22, 0.90), p = 0.02], but only numerically lower in those
with at least one failed cycle [RR = 0.62, 95% CI (0.34,
1.14), p = 0.12] (Fig. 12).

4. Discussion

Endometrial mechanical stimulation is a procedure
that is easy to perform. In 2003, Barash ef al. [4] pro-
posed that endometrial mechanical stimulation might im-
prove endometrial receptivity and thus facilitate embryo
implantation. Since then, a series of related studies have
been published, in which endometrial mechanical stimu-
lation was achieved by curette scratching, pipelle biopsy,
hysteroscopy, or hysteroscopy combined with surgical in-
strumentation. Given its simplicity, it may become a very
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Intervention Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Timur Girgan2019 a7 124 14 114 132% 1.79[0.99, 3.24] 1

Marvekar, Sachin A2010 11 449 g 51 4.4% 22910086, 6.11] %
Charalampos Siristatidis2017 18 51 a 52 72% 2290110, 4.800

Berntsen, 52020 20 g2 13 92 11.8% 1.54[0.81,2.81] woa o

Armal Shohayeb2012 28 100 14 100 127% 2000112, 3.87] = & =
Ahmad Mahran2016 134 200 56 200 A07% 2.39101.88, 3.09] —ik—

Total (95% CI) 616 610 100.0%  2.15[1.78, 2.60] ~afis-

Total events 238 110

Heterogeneity: Chit=2.29, df=5 (P =081}, F=0% 'EI.2 DTS ﬁ 5'

Testfor overall effect Z=7.92 (P < 0.00001) Control group effect Intervention group effect

Fig. 3. Comparison of live birth rate between intervention group and control group.

Intevention group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed. 95% CI
3.2.1 RCT study
Ahrmad Mahran2016 134 200 56 200 A07% 2.391[1.88, 3.09] ——
Arnal Shohayeh2012 28 100 14 100 127% 2000112, 3.57] . R
Berntsen, 52020 20 92 13 92 11.8% 1.54 [0.81,2.891] T
Mareekar, Sachin AZ010 11 49 5 51 4.4% 2.29[0.86, 6.11]
Tirnur Glrgan2019 7 124 14 115 13.2% 1.79[0.99, 3.24] o ®——=
Subtotal (95% CI) 565 558 92.8%  2.14[1.76, 2.60] -
Total events 220 102
Heterogeneity: Chi*= 227, df= 4 (P =068, F=0%
Test for overall effect: 7= 7.60 (F = 0.00001}
3.2.2 non-RCT study
Charalampos Siristatidis2017 18 51 ] 52 Ti% 2290110, 4.80] e
Subtotal (95% CI) 51 52 T2%  2.29[1.10, 4.80] ——eaiae—
Total events 18 g
Heterogeneity; Mot applicahle
Test for overall effect Z=2.21 (P=0.03)
Total (95% CI) 616 610 100.0%  2.15[1.78, 2.60] -
Total events 238 110
Heterogeneity: Chi®= 2.28, df= § (P = 0.81); = 0% n’z 0’5 2 5

Test for overall effect Z=7.92 (P = 0.00001)

Testfor subaroun differences: ChiF= 0.03. df= 1 (P = 0.86). IF= 0% Control group effect  Intevention group effect

Fig. 4. Subgroup analysis of live birth rate between intervention group and control group stratified by RCT vs. non-RCT.

Intervention group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 =1 previous failed cycles
Armnal Shohayeh2012 28 100 14 100 12.7% 2000112, 3.57]
Eerntzen, 52020 20 92 13 92 11.8% 1.54 [0.81, 2.81] ) I T
Charalampos Siristatidis2017 18 51 a 52 T.2% 2290110, 4.80] & =
Marvekar, Sachin A2010 11 49 ] 51 4.4% 2.29[0.86, 6.11]
Timur Gargan20149 27 124 14 115 13.2% 1.79[0.89, 3.24] I o= . =
Subtotal (95% CI) 416 410 49.3%  1.90 [1.41, 2.56] il
Total events 104 a4

Heterogeneity: Chi®= 0.88, df= 4 (P =083}, F=0%
Testfor overall effect: £= 4.22 (F = 0.0001)

3.3.2 First NFACSI

Ahmad Mahran2016 134 200 56 200 50.7% 2.391.88, 3.09] ——
Subtotal (95% CI) 200 200 50.7%  2.39[1.88, 3.05] i
Total events 134 a6

Heterogeneity: Mot applicable
Testfor overall effect: Z=7.05 (F = 0.00001})

Total (95% CI) 616 610 100.0%  2.15[1.78, 2.60] S
Total events 238 110

Heterogeneity: Chi*= 2.28, df= 5 (F = 0.81); F= 0% u’z DIS 2 5
Testfor overall effect: £=7.92 (F = 0.00001}) ' So. 2 G . .
Testfor subaroub differences: Chi= 137, df=1 (P = 0.24). F= 26.9% Cantral g mupaTEL H nEmant o faup:aTect

Fig. 5. Subgroup analysis of live birth rate between intervention group and control group stratified by prior history of failed

cycles.
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Table 2. Treatment-related details of the included studies.

Study Specific methods Participants Embryo transfer
Berntsen, S 2020 [16] Hysteroscopic biopsy forceps stimulate poste- >1 previous failed cycles FET
rior uterine wall.
Timur Giirgan 2019 First on the fundus by cutting transversally into >3 previous failed cycles FET or TET
[18] the endometrium. Later, three or four vertical according to the
incisions were performed 0.5 cm apart, on the patient’s
anterior and posterior walls of the uterus, 1-1.5 indications
cm away from the fundus and with one cut for
cach lateral wall by scissors.
Dejan Miti¢ 2018 [6]  10-15 mm in length throughout the whole en- First/second IVF FET
dometrial thickness in a transversal direction
with a springle bipolar electrode.
Charalampos  Sirista- Three cuttings of 0.5 cm on the front endome- >2 previous failed cycles FET
tidis 2017 [15] trial wall, 1 cm lower of the endometrial fundus
level.
Ahmad Mahran 2016 Pipelle endosampler catheter scratching of fun- first IVF/ICSI FET
[8] dus and posterior wall of uterine cavity was
done three times.
Amal Shohayeb Curettage of the fundus and posterior wall once >2 previous failed cycles FET
by Novak curette.
2012 [13]
Narvekar, Sachin A Pipelle endosampler catheter was rotated 360 >1 previous failed cycles FET
2010 [14] degrees and moved up and down four times af-
ter withdrawing the piston.
Huang, S. Y. 2011 [17] A local injury on the posterior endometrium at >2 transfers of good-quality embryos FET

mid-line 10-15 mm from the fundus by a claw

forceps, the depth and width of the injured site

was 2 X 2 mm.

FET, fresh embryo transfer; TET, thawing embryo transfer; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.

Intervention group  Control group Risk Ratio Risk Ratio
Study or Subaroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Ahmad Mahran2016 147 200 pal 000 11.9% 7.00[4.63,10.58] — % &
Amal Shohayeb2012 a2 100 18 100 11.3% 1.78[1.07, 2.95] T B
Berntsen, 52020 21 92 15 92 106% 1.40[0.77, 2.54] N -
Charalampos Siristatidis2017 20 51 12 52 106% 1.70[0.93,3.10] I PR R
Dejan Mitic2018a 21 40 52 151 12.2% 1.52 [1.08, 2.20] —m
Dejan Mitic2018h 21 40 19 41 11.7% 1.13[0.73,1.76] T TR
Huang, 5. ¥.2011 & B 1 24 11.6% 2.02[1.28, 3.24] I
Marvekar, Sachin A2010 16 49 7 a1 9.1% 2.3801.07, 5.28]
Timur Glrgan20149 32 124 18 115 11.2% 1.65[0.98, 2.77] ! FE T T
Total (95% CI) 702 826 100.0% 1.95[1.28, 2.98] “‘"‘
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Heterageneity: Tau®= 0.35; Chi®= 51,50, df= 8 (P < 0.00001); F= 84% u=1 u=2 u=5 ; 2 5 1=n

Test for overall effect: Z= 311 (P=0.002)

Control group effect Intervention group effect

Fig. 6. Comparison of clinical pregnancy rate between intervention group and control group.

promising clinical approach to improve pregnancy out-
comes in patients undergoing IVF/ICSI. However, its role
in ART is controversial. Some believe that it should be used
with caution because this is an invasive procedure and may
cause pain and discomfort, higher cost and increase the risk
of endothelial injury leading to Asherman syndrome [7].
But others argue that there is evidence supporting the ef-
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ficacy of endometrial mechanical stimulation in improving
the implantation rate and live birth rate and reducing the
miscarriage rate [8]. Recent meta-analyses [19,20] also re-
ported mixed results on the role of endometrial mechanical
stimulation. For this reason, we performed a meta-analysis
to assess the impact of endometrial mechanical stimulation
on IVF/ICSI outcomes in patients with normal
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Table 3. Assessment of risk of bias for the included non-RCTs.

Non-comparative study

Follow-up period

Study A clearly Inclusion of Prospective collection Endpoints appropriate Unbiased assessment appropriate to the Loss to follow-up Prospective calculation

stated aim consecutive patients of data to the aim of the study of the study endpoint less than 5% of the study size

aim of the study

Dejan Miti¢ 2018 [6]a 2 2 2 2 2 2 2 0 /
Dejan Miti¢ 2018 [6]b 2 2 2 2 2 2 2 0 /
Charalampos Siristatidis 2017 [15] 2 2 2 2 2 2 2 0 /
Huang, S. Y. 2011 [17] 2 2 2 2 2 1 2 0 /
Additional criteria in the case of comparative study
Study An adequate control group Contemporary groups Baseline equivalence of groups Adequate statistical analyses Score
Dejan Miti¢ 2018 [6]a 2 2 2 2 22
Dejan Miti¢ 2018 [6]b 2 2 2 2 22
Charalampos Siristatidis 2017 [15] 2 2 2 2 22
Huang, S. Y. 2011 [17] 2 2 2 2 21

Notes: a, in the study of Dejan Miti¢ 2018, the intervention group included 40 patients who received LEI (local endometrial injury) during hysteroscopy, and the control group included 151 patients who
did not receive hysteroscopy or LEI; b, in the study of Dejan Miti¢ 2018, the intervention group included 40 patients who received LEI during hysteroscopy, and the control group included 41 patients who

received hysteroscopy without LEIL
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Intervention Control
Study or Subgroup

2.4.1 Mechanical stimulation of endometrium in follicular phase

Amal Shohayeh2012 32 100 18 100 11.3%
Berntzen, 52020 il g2 15 92 106%
Charalampos Siristatidis2017 20 a1 12 52 106%
Dejan Mitic2018a il 40 52181 12.1%
Diejan Mitic2018h il 40 14 41 11.7%
Huang, 5.%.2011 G g 11 4 118%
Timur Glrgan2 014 3z 124 18 118 11.2%
Subtotal (95% CI) 453 575 79.0%
Tatal events 143 145

Heterogeneity: Tau*=0.00; Chi*= 369, df =6 (F=0.72); F=0%

Testfor averall effect Z=4.79 (P = 0.00001;

2.4.2 Mechanical stimulation of endometrium in luteal phase

Ahmad Mahran2016 147 200 21200 11.9%
Subtotal (95% CI) 200 200 11.9%
Total events 147 21

Heterogeneity: Mot applicahble
Test for averall effect 7= 9.23 (P = 0.00001)

2.4.4 Mechanical stimulation of endometrium both in follicular phase and hteal phase

Marvekar, Sachin A2010 16 49 ¥ 51 91 %
Subtotal (95% CI) 49 51 9.1%
Total events 16 7

Heterogeneity: Mot applicahble

Testfor overall effect Z=213(P=0.03)

Total (95% CI) F02 826 100.0%
Total events 6 173

Heterogeneity: Tau®= 0.35; Chi®= 51.50, df= 8 (F = 0.00001}; F=84%
Test for averall effect Z=3.11 (P = 0.002)
Testfor subaroun diferences: Chi®= 42.67. df= 2 (P < 0.000013. F= 95.3%

Evenis Total Ewvents Total Weight M-H, Random, 95% CI

Risk Ratio Risk Ratio
M-H, Random, 95% CI
1.78[1.07, 2.95] ——
1.40 [0.77, 2.54] —_1
1.70[0.83,2.10] —
1.52 [1.08, 2.20] =
113[0.73,1.76] s BT
2.02 [1.26, 3.24] —_—
165 [0.88, 2.77] —
1.56 [1.30, 1.87] L 2
7.00 [4.63, 10.58] —
7.00 [4.63, 10.58] e
2.38 [1.07, 5.28] e
2,38 [1.07, 5.28] ——eaE——
1.95[1.28, 2.98] R e
01 02 05 1 2 5 10

Contral group effect Intervention group effect

Fig. 7. Subgroup analysis of clinical pregnancy rate between intervention group and control group stratified by timing of stimu-

lation.

hysteroscopic findings, so as to provide more evidence for
real-world clinical practice.

In contrast to prior studies [20], only patients with
normal hysteroscopic findings were included in our study,
and this homogeneity of participants may provide targeted
guidance for clinical management of such patients. Our
analyses indicated that endometrial mechanical stimulation
might improve live birth rate, clinical pregnancy rate and
reduce abortion rate in patients with normal hysteroscopic
findings.

According to subgroup analyses stratified by timing
of stimulation, endometrial mechanical stimulation given
in the follicular and/or luteal phase was associated with
higher clinical pregnancy rates, and the benefit was even
greater when given in the luteal phase. It has been shown
that mechanical stimulation in the presence of progestins in
the luteal phase may induce more effective decidualization
response [21]. And endometrial mechanical stimulation on
days D21-24 of menstrual cycle may trigger an inflamma-
tory response characterized by an influx of macrophages
and an increase in pro-inflammatory cytokines, which is
positively correlated with pregnancy outcomes [22]. Be-
sides, endometrial mechanical stimulation administered in
the luteal phase may relieve patient discomfort [23]. Thus,
endometrial mechanical stimulation in the luteal phase is a
promising approach for clinical use. However, as only one
study involving endometrial mechanical stimulation in the
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luteal phase was included in this meta-analysis, more stud-
ies are needed to clarify whether stimulation in the luteal
phase is superior to that given in the follicular phase.
Moreover, subgroup analyses stratified by study type
(RCT vs. non-RCT) indicated that, significantly higher live
birth rate and clinical pregnancy rate were noted in the treat-
ment group compared with those of the control group in
both RCTs and non-RCTs, and a significantly lower abor-
tion rate was also found in the treatment group in RCTs, but
not in non-RCTs. Due to the low incidence of abortion and
the small sample size of studies reporting abortion rate, it
may be insufficient to identify statistically significant dif-
ference in abortion rate, and more relevant RCTs or non-
RCTs are needed to confirm the reliability of this finding.
Besides, we also performed subgroup analyses strat-
ified by prior history of failed cycles. Hysteroscopic en-
dometrial mechanical stimulation significantly improved
the live birth rate and clinical pregnancy rate both in patients
undergoing their first IVF/ICSI cycle and in those having at
least one failed cycle. The clinical pregnancy rate was even
higher in patients in their first IVF/ICSI cycle. A signifi-
cantly lower abortion rate was found in patients undergo-
ing their first IVF/ICSI cycle, but not in those with at least
one failed cycle. It has been reported that hysteroscopic en-
dometrial mechanical stimulation may improve pregnancy
outcomes in patients who have failed previous cycles [24].
In our study, for the first IVF/ICSI cycle, luteal-phase me-
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Intervention group  Control group

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% CI

2.3.0 RCT study

Ahmad Mahran2016 147 200 1 200 11.9% 7.00[4.63,10.58] T TR
Amal Shohayeh2012 32 100 18 100 11.3% 1.78[1.07, 2.95] CHE A
Berntsen, 52020 21 92 14 92 10.6% 1.40[0.F7, 2.54] RN PO R
Marvekar, Sachin A2010 16 44 T a1 91% 2.381.07,5.28] ORI
Timur Girgan2019 32 124 18 118 11.2% 1.64[0.98, 2.77] .= =
Subtotal (95% CI) 565 558 54.0% 2.36 [1.18,4.72] = fEaE—
Total events 248 74

Heterogeneity: Tau® = 0.54; Chi®= 32.55, df=4 (P = 0.00001); F= 88%

Test for overall effect: Z=2.42 {F = 0.02)

2.3.1non-RCT study

Charalampos Siristatidis2017 20 51 12 52 106% 1.70[0.93,3.10] 7 R T
Dejan Mitic2018a 21 40 52 181 12.2% 1.521.06, 2.20] T = =

Dejan Mitic2018h 21 40 19 41 11.7% 1.13[0.73,1.76] TR TR

Huang, 5.7.2011 G B 1 24 11.5% 2.021.26,3.24] o
Subtotal (95% CI) 137 268  46.0% 1.53[1.21, 1.94] <

Taotal events loE:] a4

Heterageneity: Tau®= 0.01; Chi*= 331, df=3{P=035); F= 4%

Test for overall effect: = 3.50 (P = 0.0005)

Total (95% CI) 702 826 100.0% 1.95[1.28, 2.98] e

Total events MG 173

Heterogeneity; Tau®= 0.35; Chi*= 51.50, df= 8 (P < 0.00001); F= 84% 051 052 055 2 5 150

Test for overall effect: Z=3.11 (P = 0.002)
Test for subaroun differences: Chif=1.33. df=1 (P=025). F= 25.1%

Control group effect Intervention group effect

Fig. 8. Subgroup analysis of clinical pregnancy rate between intervention group and control group stratified by RCT vs non-RCT.

Intervention group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
2.2.1 =1 previous failed cycles
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Heterogeneity: Tau® = 0.00; Chi®=1.56, df=5 (P =0.91);, F= 0%
Test for overall effect: 2= 4.93 {F < 0.00001)
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2.2.3 First / second WF
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Dejan Mitit2018h 21 40 14 41 11.7% 1.13[0.F73,1.76] TR P T
Subtotal (95% CI) 80 192  23.9% 1.35[1.01, 1.80] -
Total events 42 Il
Heterogeneity: Tau®= 0.00; Chi®=1.03, di=1{F =031}, F= 2%
Test for overall effect: Z= 2.05 (P =0.04)
Total (95% CI) 702 826 100.0% 1.95[1.28, 2.98] i
Total events 316 173
Heterageneity: Tau®= 0.35; Chi*= 51.560, df= 8 (P < 0.00001); F= 84% 051 u’z u’s : 2 150

Test for overall effect: Z= 311 (F = 0.002)
Test for subaroun differences: Chi®=43.64. df= 2 (P = 0.00001%. F=95.4%

5
Control group effect Intervention group effect

Fig. 9. Subgroup analysis of clinical pregnancy rate between intervention group and control group stratified by prior history of

failed cycles.

chanical stimulation, which was given after endometrial le-
sions had been excluded by hysteroscopy, dramatically im-
proved clinical pregnancy rate. Therefore, hysteroscopy
combined with luteal-phase mechanical stimulation may be
considered prior to the first IVF/ICSI cycle. However, as
only one study involving luteal-phase endometrial mechan-
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ical stimulation in patients undergoing their first IVF/ICSI
cycle was included in this meta-analysis, more studies are
required to better define its role in clinical practice.

We acknowledge that our analysis has several limi-
tations. Firstly, as some patients declined to receive the
intervention, complete randomization was sometimes not

&% IMR Press


https://www.imrpress.com

Intervention

Control Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ahmad Mahran2016 13 147 14 1 45.4% 0.45[0.2%, 0.80] ——
Amal Shahayeb2012 4 32 4 18 12.3% 0.56 [0.16, 1.98]
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Total (95% CI) 268 170 100.0%  0.54 [0.35, 0.86] e
Total events 29 35
ity: Chi== = ] R= } } } t } }
Heterogeneity: Chi#=1.15,df=4 (F=0.83), F=0% 01 0= 05 ] 5 : 10

Testfor overall effect: Z= 2.62 (P = 0.009)

Fig. 10. Comparison of abortion rate between intervention group and control group.
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Fig. 11. Subgroup analysis of abortion rate between intervention group and control group stratified by RCT vs non-RCT.
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Fig. 12. Subgroup analysis of abortion rate between intervention group and control group stratified by prior history of failed

cycles.

feasible and three non-RCTs were included in our analysis,
which may compromise the level of evidence. Secondly, no
interventions were given in the control group of some RCTs,
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and thus blinding of participants was not feasible. And dif-
ferent stimulation methodologies were used in the included
studies, such as different instruments (hysteroscopic scis-
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sors, biopsy forceps, bipolar electrodes, Novak curette or
pipelle tube), sites (the posterior wall of the uterus alone;
the fundus, anterior/posterior walls and both sides; or the
fundus and posterior wall), as well as length, width, depth
and quantity of stimulation. As these differences may in-
duce variable endometrial responses and then have differ-
ent effects on pregnancy outcomes, performance bias may
exist. Most published studies were performed in patients
with abnormal hysteroscopic findings and the incidence of
unexpected hysteroscopic lesions was up to 45.1% [25];
the presence of hysteroscopic abnormalities may confound
the baseline characteristics of participants, and such studies
cannot be included in our analysis. And thus, only a small
number of studies were included, which may cause a lack
of effective way to guide the method for endometrial me-
chanical stimulation. Thirdly, fresh embryo transplantation
was performed in 7 of the 8 included studies, and only in
the Timur Giirgan 2019 [18] study fresh or thawed embryo
transplantation was performed according to patient’s pref-
erences. Thus, our findings have limited implications for
patients undergoing frozen-thawed embryo transplantation.
Finally, only one study assessing luteal-phase endometrial
mechanical stimulation prior to the first IVF/ICSI cycle in
patients with normal hysteroscopic findings was included
in this meta-analysis, and the stability of our findings may
be affected by the large sample size and high weights of this
study. Thus, more high-quality studies are needed.

5. Conclusions

In conclusion, based on the available evidence, en-
dometrial mechanical stimulation may improve live birth
rate, clinical pregnancy rate and reduce abortion rate in pa-
tients with normal hysteroscopic findings who are under-
going IVF/ICSI. The benefits may be even greater if this
therapy is given in the luteal phase and in patients who are
in their first IVF/ICSI cycle in patients with normal hystero-
scopic findings. However, due to the limited quantity and
quality of the included studies, more high-quality RCTs are
required to confirm these findings and further define the ap-
propriate indications, optimal timing, instrument, site and
extent of endometrial mechanical stimulation.
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