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Abstract 

Research question To evaluate the role of endometrial scratching performed prior to an embryo transfer cycle 
on the probability of pregnancy compared to placebo/sham or no intervention.

Design A computerized literature (using a specific search strategy) search was performed across the databases MED-
LINE, EMBASE, COCHRANE CENTRAL, SCOPUS and WEB OF SCIENCE up to June 2023 in order to identify randomized 
controlled trials (RCTs) evaluating the effect of endometrial scratching prior to an embryo transfer cycle on the prob-
ability of pregnancy, expressed either as live birth, ongoing pregnancy or clinical pregnancy (in order of significance) 
compared to placebo/sham or no intervention. Data were pooled using random-effects or fixed-effects model, 
depending on the presence or not of heterogeneity. Heterogeneity was assessed using the I2 statistic. Subgroup 
analyses were performed based on the population studied in each RCT, as well as on the timing and method of endo-
metrial biopsy. Certainty of evidence was assessed using the GRADEPro tool.

Results The probability of live birth was significantly higher in embryo transfer cycles after endometrial scratch-
ing as compared to placebo/sham or no intervention (relative risk-RR: 1.12, 95% CI: 1.05–1.20; heterogeneity: 
 I2=46.30%, p<0.001, 28 studies; low certainty). The probability of ongoing pregnancy was not significantly difference 
between the two groups (RR: 1.07, 95% CI: 0.98–1.18; heterogeneity:  I2=27.44%, p=0.15, 11 studies; low certainty). 
The probability of clinical pregnancy was significantly higher in embryo transfer cycles after endometrial scratching 
as compared to placebo/sham or no intervention (RR: 1.12, 95% CI: 1.06–1.18; heterogeneity:  I2=47.48%, p<0.001, 37 
studies; low certainty).

A subgroup analysis was performed based on the time that endometrial scratching was carried out. When endome-
trial scratching was performed during the menstrual cycle prior to the embryo transfer cycle a significantly higher 
probability of live birth was present (RR: 1.18, 95% CI:1.09-1.27; heterogeneity:  I2=39.72%, p<0.001, 21 studies; moder-
ate certainty). On the contrary, no effect on the probability of live birth was present when endometrial injury was per-
formed during the embryo transfer cycle (RR: 0.87, 95% CI: 0.67-1.15; heterogeneity:  I2=65.18%, p=0.33, 5 studies; low 
certainty).

In addition, a higher probability of live birth was only present in women with previous IVF failures (RR: 1.35, 95% CI: 
1.20-1.53; heterogeneity:  I2=0%, p<0.001, 13 studies; moderate certainty) with evidence suggesting that the more IVF 
failures the more likely endometrial scratching to be beneficial (p=0.004). The number of times endometrial scratching 
was performed, as well as the type of instrument used did not appear to affect the probability of live birth.

*Correspondence:
Christos Venetis
venetis@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12958-023-01141-2&domain=pdf


Page 2 of 46Iakovidou et al. Reproductive Biology and Endocrinology           (2023) 21:89 

Conclusions Endometrial scratching during the menstrual cycle prior to an embryo transfer cycle can lead 
to a higher probability of live birth in patients with previous IVF failures.

PROSPERO registration PROSPERO CRD42023433538 (18 Jun 2023)

Keywords Endometrial scratching, Endometrial injury, In vitro fertilization, Reproductive outcomes, Live birth

Introduction
Success rate following assisted reproductive technolo-
gies (ART) remain low. This has stimulated research-
ers worldwide to investigate the two main factors 
responsible for the achievement of pregnancy, namely 
embryo quality and endometrial receptivity. Regarding 
the latter, a variety of strategies have been proposed to 
enhance endometrial receptivity and thus increase the 
probability of pregnancy after ART.

Endometrial scratching is a procedure undertaken to 
purposely disrupt the endometrium in women aiming 
to get pregnant, since this intervention has been sug-
gested to increase the chance of embryo implantation 
[1]. A considerable number of relevant observational 
and randomized-controlled trials (RCTs) have been 
published. These have been summarized in systematic 
reviews and meta-analyses, which suggested the pres-
ence of a positive effect of endometrial scratching on 
the probability of pregnancy [2, 3].

Due to these initial findings, endometrial scratch-
ing was implemented as a standard procedure prior to 
IVF in many fertility clinics throughout the world [4]. 
However, a large RCT published in 2019 suggested no 
benefit from the procedure [5], and this led the sci-
entific community to revisit the idea of endometrial 
scratching [6]. The most recent Cochrane systematic 
review and meta-analysis published in 2021 included 
38 trials and suggested that the effect of endometrial 
injury on the probability of live birth and clinical preg-
nancy among women undergoing IVF is unclear [7]. 
In the same year, a large multi-centered randomised 
controlled trial (SCRaTCH) suggested, marginally non-
statistically significant, but clinically important dif-
ferences of endometrial scratching on live birth rates 
[8, 9]. This once again fuelled the controversy regard-
ing the potential benefit of endometrial scratching, 
pointing to the need for further evaluation [10]. In 
the presence of additional RCTs published after 2021, 
this systematic review and meta-analysis will attempt 
to clarify the contentious role of endometrial scratch-
ing prior to in  vitro fertilization on the probability of 
pregnancy, expressed as live birth, ongoing or clinical 
pregnancy in specific subgroups, depending on the 
population studied and the method of endometrial 
scratching used.

Materials and methods
Search strategy
A computerized literature search in MEDLINE, 
EMBASE, Cochrane CENTRAL, Scopus and Web of Sci-
ence covering the period until June 2023 was performed 
independently by two reviewers (MCI and CAV) aiming 
to identify RCTs that evaluated the following research 
question: does endometrial scratching undertaken prior 
to an IVF cycle increase the probability of live birth com-
pared to or placebo/sham or no intervention?  For this 
purpose, the free-text search terms [(endometr*) AND 
(scratch* OR injur* OR traum* OR biops* OR sampl* OR 
damag* OR activat* OR stimulat*)] AND [(in vitro ferti-
lization) OR (in vitro fertilisation) OR IVF OR ICSI OR 
(intracytoplasmic sperm injection) OR (assisted reprod-
uct*) OR (assisted conception)] AND [(random* OR 
(clinical trial) OR placebo OR sham)] were used. Addi-
tionally, the citation lists of relevant publications and 
previous systematic reviews were hand-searched. In case 
of overlapping reports (i.e. reports of the same RCT), the 
more extensive one was included.

No language limitations were applied. Authors of this 
article report no conflict of interest with any commercial 
entity, whose products are described, reviewed, evalu-
ated, or compared in this study.

Selection of studies
Criteria for inclusion/exclusion of studies were estab-
lished prior to the literature search and the pro-
tocol was published to the PROSPERO registry 
(CRD42023433538). Studies had to fulfill the follow-
ing criteria for eligibility: a) randomized controlled tri-
als comparing patients who underwent endometrial 
scratching prior to embryo transfer compared with those 
who did not, regardless of the type of procedure used 
to scratch the endometrium and the protocols of ovar-
ian stimulation for IVF and/or endometrial preparation. 
Selection of the studies was performed independently by 
two of the reviewers (MCI and CAV). Any disagreement 
was resolved by discussion.

Data extraction
The following data were extracted from each of the eli-
gible studies: demographic (type of study, citation data, 
country, study period, number of patients included, 
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methodological (randomization method, allocation con-
cealment, blinding, whether power analysis was per-
formed, primary outcome assessed, whether there was 
financial support for the trial, whether there was a proto-
col registration) (Table 1), procedural (inclusion criteria, 
exclusion criteria, type of embryo transfer (fresh/ frozen), 
method of endometrial injury, timing of intervention, 
instrument used, control/ type of intervention, timing 
of control intervention, other interventions, definitions 
of pregnancy outcomes) (Table  2), outcome data (live 
birth rate per randomized patient, ongoing pregnancy 
per randomized patient, clinical pregnancy rate per ran-
domized patient, cumulative live birth rate, miscarriage 
rate, ectopic pregnancy rate, multiple pregnancy rate, 
pain during the procedure using Visual Analogue Scale 
(VAS) measures, adverse events [e.g., infection, uterine 
perforation, uterine adhesions, bleeding]). Any disagree-
ment was resolved unanimously by discussion. An effort 
was made to contact the authors of the eligible stud-
ies to retrieve missing or additional information, where 
necessary.

Outcome parameters
The main outcome measures were live birth rate per 
randomized patient, ongoing pregnancy (positive fetal 
heartbeat on ultrasound at 10-12 weeks of gestation) per 
randomized patient and clinical pregnancy rate (presence 
of gestational sac on ultrasound at a gestational age of 
6-7 weeks) per randomized patient. Additional outcome 
measures were cumulative live birth rate (pregnancy 
achieved within 6 months after randomization), miscar-
riage rate, ectopic pregnancy rate, multiple pregnancy 
rate (presence of more than one gestational sac on trans-
vaginal ultrasound), pain during the procedure using 
visual analogue scale (VAS) and adverse events (i.e. infec-
tion, dizziness, fever).

Quality of included studies
The methodological characteristics of included stud-
ies were extracted and appraised while the risk of bias of 
individual RCTs was formally assessed using RoB-2 [49].

Quantitative data synthesis
The dichotomous data results for each of the eligible 
for meta-analysis studies were expressed as risk ratio 
(RR) with 95% confidence intervals (CI) and they were 
analyzed according to the intention-to-treat principle. 
These results were combined for meta-analysis using 
the Mantel/Haenszel model when using the fixed effects 
model and the restricted maximum likelihood method 
with Hartung-Knapp-Sidik-Jonkman correction [50, 51] 
when using the random effects model (in case of high 
heterogeneity, i.e.  I2≥50%). All results were combined 

for meta-analysis with the STATA Software (StataCorp. 
2021. Stata Statistical Software: Release 17. College Sta-
tion, TX: StataCorp LLC.). Statistical heterogeneity was 
estimated with the  I2 statistic [52].

Prespecified subgroup analyses for live birth (being the 
most clinically important of the main outcomes) were 
performed according to a) the device used to perform 
endometrial scratching, b) the timing of the endome-
trial scratching, c) whether single or double endometrial 
scratching was performed, d) whether the population 
studied had previous failed IVF cycles or not, and d) the 
minimum number of previous failed IVF cycles of the 
population analyzed. This latter factor was also explored 
through meta-regression [53].

Statistical significance was set at a p level of 0.05. Pub-
lication bias was explored using the Harbord test [54]. A 
sensitivity analysis was performed for live birth, ongo-
ing pregnancy and clinical pregnancy by excluding stud-
ies judged to be overall at high risk of bias according to 
RoB-2.

The certainty of evidence was assessed using the GRA-
DEpro GDT (GRADEpro Guideline Development Tool 
[Software]. McMaster University and Evidence Prime, 
2022. Available from  gradepro.org) (Supplementary 
Table  1). For outcomes where a beneficial effect was 
suggested by the evidence, the number-needed-to treat 
(NNT) (i.e. number of patients required to receive the 
endometrial scratch in order for an additional person to 
either incur or avoid the event of interest) was also calcu-
lated to illustrate the impact and efficacy of endometrial 
injury.

Results
The literature search yielded 879 potentially relevant 
reports (Fig. 1). Subsequently, the titles of these manu-
scripts were examined, resulting in 222 potentially eli-
gible publications. The abstracts of these studies were 
then examined and eventually 96 manuscripts that 
could provide data to answer the research question 
were identified. The full text of these studies was exam-
ined thoroughly, resulting in the inclusion of 40 pub-
lications, that represent 39 RCTs [5, 8, 11–45, 47, 48] 
(one report [46] contained post-hoc analyses of a pre-
viously published RCT [41] (Table 1). It should also be 
noted that Liu et al., [29] included four groups in their 
study (intervention and no intervention during the fol-
licular and the luteal phase of the cycle preceding IVF) 
and therefore, we analyzed the follicular and the luteal 
phase arms of the study separately. Characteristics of 
the reports included in the systematic review appear in 
Tables 1 and 2. Eligible studies were published between 
2008 and 2022. Randomization method was reported 
in 34 of the publications included, while allocation 
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concealment method was reported in 19 of the studies 
included (Table 1). Most studies did not state clearly if 
the participants or those involved in the analysis were 
blinded to the type of intervention. Only 3 studies were 
reported to be single-blind and 3 were reported to be 
double-blind. Financial support was declared in 20 
studies (Table 1). The largest study published so far on 
this issue was by Lensen et  al. in 2019 [5]. The risk of 
bias assessment of the eligible studies is presented in 
Table 3. Overall, 9 studies [11–13, 15, 16, 23, 27, 28, 37] 

were deemed to be at high risk of bias (Supplementary 
Figures 1 & 2).

Meta‑analysis
Live birth
A significantly higher probability of live birth was 
present in embryo transfer cycles after endometrial 
scratching as compared to placebo/sham or no inter-
vention (risk ratio-RR: 1.12, 95% CI: 1.05– 1.20; fixed 
effects model; heterogeneity:  I2=46.30%, 28 studies, 

Fig. 1 PRISMA Flow Chart
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29 datasets, 7425 patients; low certainty; NNT: 30) 
(Fig.  2). Publication bias did not seem to be pre-
sent (p=0.727). A sensitivity analysis excluding stud-
ies at high risk of bias [13, 15, 16, 23, 27, 37] did not 
materially change the results obtained (RR: 1.13, 95% 
CI: 1.05-1.21; fixed effects model; heterogeneity: 
 I2=29.87%, 22 studies, 23 datasets; moderate certainty; 
NNT: 28) (Supplementary Figure 3).

Ongoing pregnancy
A higher, but not significantly so, probability of ongoing 
pregnancy was present in embryo transfer cycles after 
endometrial scratching as compared to placebo/sham or 
no intervention (RR: 1.07, 95% CI: 0.98– 1.18; fixed effects 
model; heterogeneity:  I2=27.44%, 11 studies, 11 datasets, 
4515 patient; low certainty) (Fig.  3). Publication bias did 
not seem to be present (p=0.494). A sensitivity analysis 

Table 3 Risk of Bias assessment of included studies (using RoB-2)

Study Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall

Karim Zadeh 2008 [11] Some concerns High risk High risk Low risk Some concerns High risk

Karim Zadeh 2009 [12] Some concerns Some concerns Low risk Low risk Some concerns High risk

Karimzadeh 2010 [13] Low risk Low risk Low risk Low risk Some concerns High risk

Narvekar 2010 [14] Low risk Low risk Low risk Low risk Some concerns Some concerns

Safdarian 2011 [15] Some concerns Some concerns Some concerns Low risk Some concerns High risk

Baum 2012 [16] Some concerns Some concerns Low risk Low risk Some concerns High risk

Inal 2012 [17] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Shohayeb 2012 [18] Low risk Some concerns Low risk Low risk Some concerns Some concerns

Nastri 2013 [19] Low risk Low risk Low risk Low risk Low risk Some concerns

Guven 2014 [20] Low risk Some concerns Low risk Low risk Low risk Some concerns

Yeung 2014 [21] Low risk Low risk Low risk Low risk Low risk Low risk

Gibreel 2015 [22] High risk Low risk Low risk Low risk Low risk Some concerns

Singh 2015 [23] Some concerns Low risk Low risk Low risk Some concerns High risk

Xu 2015 [24] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Zhang 2015 [25] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Aflatoonian 2016 [26] Some concerns Some concerns Low risk Low risk Some concerns Some concerns

Shahrokh-Tehraninejad 2016 [27] Some concerns High risk Some concerns Low risk Some concerns High risk

Zygula 2016 [28] Some concerns Some concerns High risk Low risk Some concerns High risk

Liu 2017 [29] Some concerns Low risk Low risk Low risk Some concerns Some concerns

Mak 2017 [30] Low risk Low risk Low risk Low risk Low risk Low risk

Tk 2017 [31] Low risk Low risk Low risk Low risk Some concerns Some concerns

Maged 2018 [32] Low risk Low risk Low risk Low risk Low risk Low risk

Pecorino 2018 [33] Some concerns Low risk Low risk Some concerns Some concerns Some concerns

Sherif 2018 [34] Some concerns Low risk Low risk Some concerns Low risk Some concerns

Eskew 2019 [35] Low risk Low risk Low risk Low risk Some concerns Some concerns

Frantz 2019 [36] Low risk Some concerns Low risk Low risk Low risk Some concerns

Gurgan 2019 [37] Some concerns High risk High risk Low risk Some concerns High risk

Hilton 2019 [38] Low risk Low risk Low risk Low risk Low risk Low risk

Lensen 2019 [5, 6] Low risk Low risk Low risk Low risk Low risk Low risk

Olesen 2019 [39] Low risk Low risk Low risk Some concerns Low risk Some concerns

Berntsen 2020 [40] Some concerns High risk Some concerns Low risk Low risk Some concerns

Izquierdo 2020 [41] Some concerns Low risk Low risk Low risk Low risk Low risk

Mackens 2020 [42] Low risk Some concerns Low risk Low risk Low risk Some concerns

Tang 2020 [43] Low risk Some concerns Low risk Low risk Some concerns Some concerns

Van Hoogenhuijze 2020 [8, 9] Low risk Low risk Low risk Low risk Low risk Low risk

Metwally 2021 [44] Low risk Low risk Low risk Low risk Low risk Low risk

Zahiri 2021 [45] Some concerns Some concerns Low risk Some concerns Low risk Some concerns

Noori 2022 [47] Low risk Low risk Low risk Some concerns Some concerns Some concerns

Turktekin 2022 [48] Some concerns Some concerns Low risk Low risk Some concerns Some concerns
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Fig. 2 Forest plot presenting the risk ratio of live birth between women who had endometrial scratching prior to their embryo transfer and those 
who had a placebo/sham procedure or no intervention

Fig. 3 Forest plot presenting the risk ratio of ongoing pregnancy between women who had endometrial scratching prior to their embryo transfer 
and those who had a placebo/sham procedure or no intervention
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excluding studies at high risk of bias did not materially 
change the results obtained (RR: 1.07, 95% CI: 0.97-1.18; 
fixed effects model; heterogeneity:  I2=0.00%, 8 studies, 8 
datasets; moderate certainty) (Supplementary Figure 4).

Clinical pregnancy
A significantly higher probability of clinical pregnancy 
was present in embryo transfer cycles after endometrial 
scratching as compared to placebo/sham or no interven-
tion (RR: 1.12, 95% CI: 1.06– 1.18; fixed effects model; 
heterogeneity:  I2=47.48%, 37 studies, 38 datasets, 8804 
patients; low certainty; NNT: 27) (Fig. 4). Publication bias 
did not seem to be present (p=0.514). A sensitivity analy-
sis excluding studies at high risk of bias did not materially 
change the results obtained (RR: 1.12, 95% CI: 1.05-1.19; 
fixed effects model; heterogeneity:  I2=21.88%, 21 studies, 
22 datasets; moderate certainty; NNT: 25) (Supplemen-
tary Figure 5).

Cumulative live birth
A higher, but not significantly so, probability of cumula-
tive live birth was present in embryo transfer cycles after 
endometrial scratching as compared to placebo/sham or 
no intervention (RR: 1.11, 95% CI: 0.99–1.24; fixed effects 
model; heterogeneity:  I2=0%, 2 studies, 1298 patients; 
very low certainty) (Supplementary Figure  6). Publica-
tion bias could not be assessed due to the small number 
of available studies.

Miscarriage
No significant difference in the probability of miscarriage 
was present in embryo transfer cycles after endometrial 
scratching as compared to placebo/sham or no interven-
tion (RR: 0.89, 95% CI: 0.75–1.06; fixed effects model; 
heterogeneity:  I2=0%, 24 studies, 25 datasets, 2568 
patients; low certainty) (Supplementary Figure 7). Publi-
cation bias did not seem to be present (p=0.432).

Ectopic pregnancy
No significant difference in the probability of ectopic 
pregnancy was present in embryo transfer cycles after 
endometrial scratching as compared to placebo/sham 
or no intervention (RR: 1.02, 95% CI: 0.46– 2.27; fixed 
effects model; heterogeneity:  I2=0%, 8 studies, 9 data-
sets, 1219 patients; very low certainty) (Supplementary 
Figure  8). Publication bias did not seem to be present 
(p=0.148).

Multiple pregnancy
No significant difference in the probability of multiple 
pregnancy was present in embryo transfer cycles after 
endometrial scratching as compared to placebo/sham or 
no intervention (RR: 1.11, 95% CI: 0.92–1.35; fixed effects 

model; heterogeneity:  I2=25.68%, 17 studies, 18 datasets, 
1974 patients; low certainty) (Supplementary Figure  9). 
Publication bias did not seem to be present (p=0.482).

Adverse events

Pain Five studies [4, 8, 19, 36, 44] reported pain in the 
endometrial scratching group with VAS scores ranging 
from 3.5 to 6.4. Only one study (158 patients) provided 
VAS scores both in the endometrial scratching group and 
the control group (sham procedure) indicating higher 
pain scores (6.42, SD (2.35) vs 1.82, SD (1.52); P < 0.001) 
in women who had the endometrial scratching [19].

Bleeding In patients allocated to endometrial scratch-
ing, bleeding was reported in a proportion of them in 
four studies [5, 8, 33, 42], while in further 8 studies [13, 
19, 23, 29, 38, 39, 41, 43] no patients experienced bleed-
ing after endometrial scratching The remaining studies 
did not report on this adverse event.
Infection In patients allocated to endometrial scratch-
ing no infections were observed in 11 studies [5, 8, 13, 19, 
23, 29, 38, 39, 41–43], while the remaining studies did not 
report on this adverse event.

Dizziness In patients allocated to endometrial scratch-
ing, dizziness was not observed in 10 studies [8, 13, 19, 
23, 29, 38, 39, 41–43] while in a single study [5] 7 out of 
690 patients (~1%) who underwent endometrial scratch-
ing experienced this adverse event.

Fever In patients allocated to endometrial scratching, 
fever was not observed in 10 studies [5, 13, 19, 23, 29, 39, 
41–43] while in a single study [8] 3 out of 742 patients 
(0.6%) who underwent endometrial scratching experi-
enced this adverse event.

Subgroup analyses
Type of instrument used to perform the endometrial injury
Pipelle-type catheters were used for endometrial 
scratching in 29 trials, while Novak curette was the 
tool of choice in 3 trials. A variety of other instruments 
were used for endometrial injury in the remaining stud-
ies (Table  2). The type of instrument used to perform 
endometrial scratching did not appear to be associated 
with the effect size observed (test for subgroup differ-
ences: p=0.13).

Timing of the endometrial injury
Endometrial scratching was performed during the cycle 
preceding IVF treatment in 33 RCTs (Table 2). In a single 
study, endometrial scratching was performed from day 3 
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Fig. 4 Forest plot presenting the risk ratio of clinical pregnancy between women who had endometrial scratching prior to their embryo transfer 
and those who had a placebo/sham procedure or no intervention
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of the cycle preceding embryo transfer until day 3 of the 
treatment cycle [5]. In 3 of the eligible RCTs, endometrial 
scratching was performed during the follicular phase of 
the cycle, while in further 3 RCTs it was performed on 
the day of oocyte retrieval (Table 2).

A subgroup analysis based on the time endometrial 
scratching was performed (in the preceding cycle, in 
the actual embryo transfer cycle or in either of the two) 
suggested significant difference between the subgroups 
(p=0.04) (Supplementary Figure 10). Studies in which the 
endometrial scratching was performed during the pre-
ceding cycle showed a pooled RR: 1.18 (95% CI:1.09-1.27; 
moderate certainty; NNT: 21), whereas studies in which 
the endometrial scratching was performed during the 
embryo transfer cycle showed a pooled RR: 0.87 (95% CI: 
0.67-1.15; low certainty).

Single of double endometrial injury
Single or double endometrial scratching was performed 
in 34 and 5 of the eligible RCTs, respectively (Table  2). 
A subgroup analysis between studies with single and 
those with double endometrial scratching did not sug-
gest a significant difference in the probability of live birth 
(p=0.27).

History of previous failed IVF cycles
A subgroup analysis according to whether the population 
evaluated in each study had experienced previous IVF fail-
ures or not suggested a significant difference between sub-
groups (p<0.001). The highest effect size was observed in 
studies which randomized patients with previous IVF fail-
ures (RR: 1.35, 95% CI: 1.20-1.53, fixed effects model, het-
erogeneity:  I2=0.06%, 13 studies, 13 datasets, 2627 patients; 
moderate certainty; NNT: 14) (Supplementary Figure 11).

A further subgroup analysis according to the mini-
mum number of previous IVF failures (0,1,2 and 3) also 
confirmed a significant difference between subgroups 
(p=0.04), with the largest effect size observed in studies 
that included patients with at least 3 failed IVF cycles 
(RR: 1.70, 95% CI: 1.14-2.54, fixed effects model; het-
erogeneity:  I2=49.75%, 3 studies, 547 patients; low cer-
tainty; NNT: 12) (Supplementary Figure  12). Finally, a 
meta-regression performed using the minimum number 
of previous failed as an independent variable, suggested 
a positive significant association with the risk ratio of live 
birth in the included studies (coeff: 0.18, 9% CI: 0.06-0.31; 
p=0.004).

Discussion
The aim of this review was to evaluate the impact of 
endometrial scratching on reproductive outcomes in 
women undergoing IVF compared to no intervention 

or sham intervention and to clarify if certain subgroups 
of patients could benefit more from it. Following the 
pooled analysis of 39 RCTs including ~9000 patients, 
this updated systematic review and meta-analysis sug-
gests that endometrial scratching, compared to no or 
a sham intervention, can improve live birth and clinical 
pregnancy rates after IVF by a relative increase of 12%. 
This finding persisted in the sensitivity analysis per-
formed where studies deemed to be at high risk of bias 
were excluded. On the other hand, this systematic review 
could not detect a significant positive effect on ongoing 
pregnancy rates, however, that analysis included only 11 
RCTs and therefore a type II error cannot be excluded.

The most recent Cochrane systematic review and 
meta-analysis has reviewed 37 studies published by June 
2020 and eventually pooled data only from eight studies 
deemed to be at low risk of bias including in total 4402 
patients. Regarding live birth, their pooled analysis did 
not detect a significant effect of endometrial scratching 
on live birth rates (odds ratio: 1.12, 95% CI: 0.98-1.28). 
Nevertheless, given the effect size observed, which sug-
gests a potential (non-significant) benefit, the authors 
concluded that it is unclear whether a benefit truly exists. 
It should be noted that the lack of statistical significance 
could represent a type II error given the limited num-
ber of studies analyzed, which was a post-hoc decision 
and a departure from the review protocol. This post-hoc 
decision creates methodological challenges when inter-
preting the results of the Cochrane review, particularly 
since the Cochrane Handbook for Systematic Reviews of 
Interventions suggests that sensitivity analyses are used 
to check the robustness of results by excluding studies 
at high risk of bias [55]. The present systematic review 
and meta-analysis has reviewed and analyzed the entire 
body of available evidence published until 2023 following 
established guidelines on dealing with potential bias.

Furthermore, the present systematic review has ana-
lyzed several potential effect moderators via subgroup 
analyses and meta-regression. These analyses suggested 
that the pooled effect size of studies where the endo-
metrial injury was performed in the cycle before the 
embryo transfer was higher than that observed in stud-
ies where endometrial injury was performed for some or 
all patients during the actual embryo transfer cycle. The 
most recent Cochrane review, due to the restriction of 
the analysis to 8 RCTs, was not able to perform such a 
comparison. The implications of this finding can be sig-
nificant as it has been argued [8, 10] that the timing of 
the biopsy is a clinically important variable.

Another important finding of the subgroup analyses 
is the potential significance of the type of population 
included in the eligible RCTs. The subgroup analysis 
comparing studies where patients recruited had previous 
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failed IVF cycles or not (or there was a mix of both), 
strongly suggested that the intervention is far more 
likely to have a beneficial effect on patients with pre-
vious failed IVF cycles. This finding was confirmed in 
further subgroup analyses based on the minimum num-
ber of previous failed IVF cycles and the relevant meta-
regression, both of which suggested that the higher the 
number of previous failed IVF cycles, the higher the risk 
ratio observed, implying a stronger benefit of endome-
trial scratching. The explanation of this finding could lie 
in the progressively better selection of poorer prognosis 
patients, more likely to have an endometrial issue who 
can benefit from the intervention, as it was suggested 
in the original report by Barash et al [1]. Other authors 
have also supported that hysteroscopy combined with 
endometrial injury is beneficial for patients with repeated 
IVF failures [56, 57]. The beneficial effect of endometrial 
injury in patients with prior failed embryo transfers has 
also previously been reported in a meta-analysis pub-
lished in 2018 [3]. The latest Cochrane systematic review 
did not identify an association with previous IVF failures, 
however, the limited number of studies analyzed could 
once again have limited the statistical power of this test.

The subgroup analysis depending on whether endo-
metrial scratching was performed once or twice on the 
same patient did not show any difference between the 
two subgroups compared. Moreover, the subgroup anal-
ysis depending on the type of device used to perform 
endometrial scratching did not suggest that this is impor-
tant for the probability of live birth. The most recent 
Cochrane review did not address the same clinical ques-
tions, although it did compare higher with lower inten-
sity of endometrial injury and failed to detect a difference 
in the effect sizes between the two methods. These find-
ings suggest that performing endometrial scratching 
once with a pipelle catheter is likely to be sufficient for a 
beneficial effect to be elicited.

In terms of the remaining secondary outcomes, the 
present systematic review and meta-analysis did not find 
a difference in ectopic pregnancy, miscarriage and mul-
tiple pregnancy rates between women who had embryo 
transfer after endometrial scratching and those who had 
not. This is in agreement with what has been previously 
reported [7]. Other important outcomes in the evalua-
tion of endometrial scratching are adverse events such as 
pain, bleeding, dizziness, infection and fever. A compara-
tive assessment of the incidence of such adverse events 
would only be possible in studies that performed a sham 
procedure in the control group. In the present systematic 
review only one study [19] provided such data indicating 
higher pain experienced in women who had endometrial 
scratching compared to those who had the sham proce-
dure. However, what might be of more clinical relevance 

is the incidence of such adverse events in women under-
going endometrial scratching. The incidence of pain and/
or bleeding varied widely in the included studies from 0% 
to 75%, likely reflecting differences in the methodologies 
used to capture these adverse events. Reassuringly, infec-
tion, dizziness and fever after endometrial biopsy was 
reported to be rare, with only one out of the eleven stud-
ies reporting dizziness [5] or fever [8] at a rate of ~1%, 
while the remaining 10 studies reported that none of the 
patients experienced these adverse events.

An individual participant data meta-analysis (IPD-MA) 
on the potential benefit of endometrial injury was recently 
published confirming that live birth rates are higher after 
endometrial injury compared to no scratch/sham pro-
cedure (odds ratio: 1.29, 95% CI: 1.02-1.64). Despite the 
obvious methodological advantages of an IPD-MA, the 
researchers were only able to include 13 RCTs (n=4112 
participants) which is <50% of the sample size included 
in the present meta-analysis. This might explain why a 
significant interaction effect with the number of previ-
ous failed embryo transfers was not detected in the IPD-
MA, something the present meta-analysis has been able 
to show by analyzing the total body of published evidence.

It should be noted that the present systematic review is 
also characterized by limitations such as the clinical het-
erogeneity in the eligible studies regarding the population 
studied and the method used to implement endometrial 
scratching that should be taken into consideration when 
interpreting the results obtained. To facilitate this inter-
pretation several subgroup analyses have been performed 
to identify the potential moderating effect of these fac-
tors. The quality of the eligible studies also varied with 
some studies being graded as at high risk of bias. A sen-
sitivity analysis was performed by excluding these stud-
ies and the results obtained were not materially different 
to the main analysis. Finally, most of the included studies 
did not seem to capture the adverse effects of endome-
trial scratching, and this information is important when 
counselling patients about the potential benefits and risks 
of the intervention.

The present systematic review and meta-analysis rep-
resents an updated critical appraisal of an intervention 
that has been extensively used in clinical practice during 
the last decade. Its results are able to inform clinicians 
and patients regarding important questions including, 
which patients might benefit from endometrial scratch-
ing, what is the optimal method of endometrial scratch-
ing and when it should be performed. Nevertheless, it 
is also evident from the present work that further data 
is required to confirm or rebut its findings and based 
on this systematic review future clinical research should 
focus on endometrial scratching during the cycle prior 
to IVF in patients with multiple previous IVF failures. 
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Concurrently, future basic research needs to identify 
a plausible mechanism through which endometrial 
scratching exerts its observed beneficial effect.

In conclusion, the present systematic review and meta-
analysis suggests that endometrial scratching during the 
menstrual cycle prior to IVF can lead to a higher prob-
ability of live birth in patients with previous IVF failures 
and that this effect seems to be greater in patients with 
more IVF failures.
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