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Unlocking the potential of
embryos: insight of systematic
review and meta-analysis into
laser-assisted hatching’s role
In conquering recurrent
implantation failure

Tingting Du, Yang Ma, Zanche Huang, Xiaoxuan Zhao,
Qin Zhang* and Ning Ren*

Department of Medical TCM Gynecology, Hangzhou TCM Hospital of Zhejiang Chinese Medical
University (Hangzhou Hospital of Traditional Chinese Medicine), Hangzhou, Zhejiang, China

Introduction: The journey of assisted reproductive technology (ART) for couples
facing recurrent implantation failure (RIF) is fraught with emotional and physical
challenges. RIF, often characterized by the failure of high-quality embryos to
implant after multiple ART cycles, has directed attention towards interventions
like laser-assisted hatching (LAH). However, discrepancies in the literature
necessitate a comprehensive review of LAH's efficacy and safety.

Materials and methods: Following a thorough search of PubMed, Embase,
Cochrane, and Web of Science databases up to November 2023, retrospective
studies or RCT were considered for inclusion. Summary effect sizes [odds ratio (OR)
or risk ratio (RR) with 95% confidence interval (CI)] were calculated for each outcome.
Results and conclusion: Eight studies comprising 2,634 patients were included.
LAH significantly improved implantation rates (OR: 1.26, 95% ClI: 1.05-1.51).
Clinical pregnancy rates increased in patients who had fresh embryos transferred
(OR: 129, 95% CI: 1.05-158). Notably, LAH was associated with higher
miscarriage rates in frozen embryo transfers (OR: 145, 95% CI: 1.04-2.02). No
significant increase in ectopic or multiple pregnancy rates was observed. For
patients with RIF, especially older women, LAH presents a potential avenue to
improve implantation. Its impact on clinical pregnancy rates is less substantial.
However, its impact on final live birth rates and the increased miscarriage risk in
frozen transfers necessitate a cautious and individualized approach. The
technique's safety, while generally upheld, requires careful application and
consideration of the specific challenges RIF patients face.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO /view/
CRD42024497329, PROSPERO (CRD42024497329).
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Introduction

The journey of assisted reproductive technology (ART) is marked by both remarkable
successes and notable challenges (1), among which repeated implantation failure (RIF)
stands out as a particularly distressing obstacle for many aspiring parents. According to the
current consensus, RIF is generally defined as the absence of clinical pregnancy after three or
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more euploid embryos (2). Based on a meta-analysis of 119 articles,
Polanski et al. proposed that RIF should be defined as failure to
achieve clinical pregnancy after 2 consecutive embryo transfer
failures (1). We also found that most of the clinical studies to
determine the efficacy of LAH interventions have been conducted on
patients with >2 embryo transfer failures. Therefore, in this meta-
analysis, we defined RIF as failure to obtain a clinical pregnancy after
at least 2 ET, and clinical pregnancy was defined as ultrasonographic
confirmation of survival after 20 weeks of gestational age, consistent
with the definition of miscarriage. RIF not only represents a
significant clinical dilemma but also inflicts profound emotional
distress on affected couples (3). This condition, affecting a
considerable proportion of couples undergoing ART, has been a
focus of extensive research and debate within the reproductive
medicine community.

The pathophysiology of RIF is multifaceted, involving factors
such as embryonic aneuploidy, uterine receptivity issues, and
immunological factors (4). However, a particular area of interest
has been the potential role of the zona pellucida (ZP), the outer
glycoprotein layer of the embryo, in impeding embryo hatching
and subsequent implantation (5). This has led to the exploration
of techniques to facilitate embryo hatching, among which laser-
assisted hatching (LAH) has emerged as a promising intervention.

LAH involves the use of a highly focused infrared laser to precisely
thin or create a breach in the ZP, with the aim of facilitating the
embryo’s escape, a critical step for successful implantation (6, 7).
Initial studies into LAH have shown encouraging results,
particularly in enhancing implantation rates in challenging cases
such as those of older women or patients with a history of RIF (8).
However, the literature presents a somewhat conflicting view
regarding the efficacy of LAH. While several studies advocate for
the benefits of LAH in improving clinical outcomes, others report
no significant improvement, bringing into question the universal
applicability and effectiveness of this technique (9, 10).

This discrepancy in research findings underscores the need for a
comprehensive and systematic review of existing studies. Therefore,
this meta-analysis aims to synthesize the available data to provide a
clearer understanding of the role of LAH in improving outcomes
for RIF patients. By assessing the efficacy and safety of LAH, this
study intends to offer valuable insights into its potential as a tool
to enhance ART success rates, especially in the context of RIF.

Search strategy

Two investigators independently searched PubMed, Embase,
Cochrane and Web of Science from inception to Nov. 22, 2023.
All retrievals utilized Medical Subject Headings (MeSH) and free
words; the complete search string is detailed in

-54. We further reviewed the relevant professional
vocabulary of the references in the thematic review to ensure the
inclusion of all pertinent search terms. The search term was
IVF OR ‘ICST, in combination with ‘recurrent implantation
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failure’, in combination with ‘laser assisted hatching’, with no
restriction of countries, region, race, and language.

Inclusion and exclusion criteria

Registration adhered to the Preferred Reporting Program for
Systematic Review and Meta-Analysis (PRISMA) guidelines. The
protocol of our study has been registered in PROSPERO (CRD
42024497329).The inclusion criteria were as follows: (1) Patients
with RIF, while RIF was defined in this study as patients had
experienced at least two or more failed in vitro fertilization (IVF)
or intracytoplasmic sperm injection (ICSI) attempts; (2) Use of
LAH in the intervention group and mechanical hatching (MAH),
chemical hatching (CAH), or non-assisted hatching in the control
group; (3) Provision of odds ratio (OR) and 95% confidence
interval (CI) data on implantation rate, clinical pregnancy rate,
miscarriage rate, live birth rate, and risk ratio (RR) with 95% CI on
multiple pregnancy rate, ectopic pregnancy rate, and adverse
pregnancy events;

The exclusion criteria were as follows: (1) Animal or in vitro
test; (2) Article type: letters, review, meta-analysis, comment, case
report, conference abstract, editorials, expert opinions, etc. (3)
Studies not employing LAH in the intervention group or
utilizing it in the control group. Two investigators established the
inclusion and exclusion criteria, while a third reviewer provided
assistance in achieving consensus when necessary.

Data extraction

The following characteristic information of the included studies
was recorded: (1) Study characteristics: first author, publication time,
repeated failures of transfer, sample size, age range, regimen, embryo
state, embryo per transfer; (2) Study outcomes: clinical pregnancy
rate, abortion rate, implantation rate, risky events, live birth rate.
To make sure that no information was omitted, we also checked
supplement materials of each clinical trial.

Quality assessment

A tool named Risk of Bias In Non-randomized Studies-of
Interventions (ROBINS-I), employing a weighted Cohen’s kappa
coefficient (x), was used to measure agreement, with any
discrepancies between the two investigators being resolved by
consensus. Each study was defined as ‘low risk’, ‘moderate risk’,
‘serious risk’, ‘critical risk’ or ‘no information’ respectively by
considering the following characteristics covering bias due to
confounding; bias in selection of participants; bias in classification
of interventions; bias due to deviations from intended
interventions; bias due to missing data; bias in measurement of
result

outcomes; and bias in selection of the

( ).

reported
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Statistical analysis

Statistical analyses of study outcomes were conducted using
Stata 15. For the included studies, the dichotomous data results
for each of the studies eligible for meta-analysis were expressed
as an odds ratio (OR) with 95% confidence intervals (CI), and as
a relative risk (RR) with 95% CI for risk events. The Chi-square
Q test and I” statistic was used to detect statistical heterogeneity.
(p<o0.10,
I?>50%), a random-effects model would be employed for the

If heterogeneity was observed between studies
combined analysis. Otherwise, the fixed-effects model was used
for the pooled results. Furthermore, subgroup analysis was
implemented to identify the factors contributing risk of bias;
sensitivity analysis was also performed by sequentially excluding
each included trial. Funnel plots, Begg’s and Egger’s tests were
also used to examine potential publication bias. To evaluate the

power, p <0.05 was considered statistically significant.

Literature search and patients
characteristics

According to the proposed search strategy, 5,959 publications
were retrieved. After removing duplicates, 4,781 articles remained.
Then, by screening title and abstract only, 57 articles were assessed
for eligibility. Finally, after assessing the full text of the remaining
articles, 8 studies (11-18) were included in qualitative synthesis.
The specific selection steps are summarized in

Of the eligible eight studies, four studies were randomized
controlled trials (RCTs), while the other four were retrospective
studies. A total of 2,634 patients were enrolled in our study. The age
of participants ranged from 28 to 42 years across seven studies, only
one remaining study did not report the age. Two studies used Zona
thinning as an intervention measure, the other six studies used Zona
drilling. The regimen of control groups included no assisted hatching
and chemical hatching. Six studies reported embryo per transfer. The
main characteristics and results are shown in

Quality assessment

), Debrock et al. (16), Lu et al. (14),
Artar et al. (13), Pan et al. (12)) was rated as moderate based on the
ROBINS-I tool ( ). The left three studies (Lee
et al. (17), Choi et al. (15), Curfs et al. (11)) was labelled as low.

demonstrates moderate to high inter-rater

Five studies (Petersen et al (

agreement for risk of bias assessments, with & values ranging from
0.60 to 1.00 across domains.

Efficacy
Implantation rate

Four studies investigated the impact of LAH on Implantation
rate. Compared with the control group, the success rate of
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implantation rate in the LAH group (OR: 1.26, 95% CI: 1.05-
1.51) ( ) significantly increased, no heterogeneity was
found (I* = 0%, p = 0.608).

Clinical pregnancy rate

Eight studies observed that the clinical pregnancy rate in the
LAH group was improved, but there was no significant difference
(OR: 1.12, 95% CI: 0.98-1.28) (
(I* =25.1%, p =0.229).

), with no heterogeneity

Abortion rate

Seven studies investigated the impact of LAH on abortion
rate. Compared with the control group, the LAH group showed a
higher miscarriage rate, but there was no significant difference
(OR: 1.21, 95% CI: 0.92-1.59) (
(I* =28.3%, p=0.212).

), with no heterogeneity

Live birth rate

Six studies investigated the effect of LAH on live birth rate, and
the results showed LAH brought significant increase (OR: 1.07,
95% CI: 0.92-1.24) (
difference, and no heterogeneity was found (I* = 0%, p = 0.432).

). But the result showed no significant

Subgroup analysis

Subgroup analysis of efficacy was performed across predefined
subgroups ( ). A benefit in implantation rate was observed
among patients aged >38 years (OR: 2.10, 95% CI: 1.20-3.69). In
contrast, patients under 38 years failed to achieve an improved
implantation rate (OR: 1.00, 95% CI: 0.74-1.36) (

). Moreover, a trend favoring LAH was evident in
clinical pregnancy rates for patients with fresh embryo transfers
(OR: 1.29, 95% CI: 1.05-1.58); however, no improvement was
observed in patients with frozen embryo transfers (OR: 1.02, 95%
CI: 0.86-1.21) ( ). Additionally, LAH
showed no significant difference inlive birth rates for patients
with either fresh (OR: 1.26, 95% CI: 0.93-1.70) or frozen
embryos transfers (OR: 1.01, 95% CI: 0.85-1.20) (

). Besides, patients carried LAH were more likely to
experience miscarriage with frozen embryo transfers (OR: 1.45,
95% CI: 1.04-2.02), yet less likely with fresh embryo transfers,
though this difference was not statistically significant (OR: 0.85,
95% CI: 0.53-1.37) ( ).

Safety

Only two studies have reported the rates of ectopic pregnancy
). The study observed that the
ectopic pregnancy rate in the LAH group was lower than that in

and multiple pregnancies (

the control group, but there was no statistically significant
(RR: 0.68, 95% CIL 0.36-1.26) (
). Meanwhile, patients in the LAH group tended to

difference

have a lower multiple pregnancy rate, which was also not
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FIGURE 1

J

Identification

Records identified through database searching:
Cochrane Library (n=217). PubMed (n=1738). Web
of Science (n=955), Embase (n=3049)
(n=5959)

Additional records
identified through other
sources
(n=12)

[

Screening

Eligibility

Included

Records after duplicates removed

(n=4781)

Records screened via title
and abstract (n=57)

Trials with results assessed
for eligibility (n=8)

Records excluded with reasons
(n=4724)
Inconsistent interventions: 44
Mismatch study object: 3614
Review/report/other-study
designs: 332
Animal trials: 734

Studies included in
qualitative synthesis
(0=8)

Studies included in
quantitative synthesis
(meta-analysis)
(0=8)

Trials excluded, with reason
m=49)
No outcome of interest: 18
Without available data: 21
Inappropriate criteria: 10

Articles retrieved nnand assessed for eligibility. After screening process, 8 articles met the including criteria and were included in ultimate analysis.

TABLE 1 Characteristic of included studies.

Study type

Group

Mean + SD age (years)

Sample size

Embryo per transfer (Mean + SD)

Petersen et al. (18) RCT 1 35.7+3.8 40 3.0+09
C 353+5.1 40 29+0.8
Lee et al. (17) RCT I 37.6+42 48 31+1.1
C 36.6+4.1 79 31+1.1
Debrock et al. (16) Retrospective study 1 33.7+45 53 2.02+0.31
C 33.8+4.1 86 1.93 £0.48
Choi et al. (15) RCT 1 NA 22 2.6+0.1
C NA 20 2.7+0.1
Lu et al. (14) Retrospective study 1 320+34 225 2.1+0.6
C 31.6£3.1 190 22+04
Artar et al. (13) Retrospective study 1 32.8+52 100 NA
C 34.7+52 215 NA
Pan et al. (12) Retrospective study 1 30.6+2.6 390 1.94 £0.31
C 309+2.8 534 1.97 £0.24
Curfs et al. (11) RCT 1 342+43 297 NA
C 343+44 295 NA

Abbreviations: RCT, randomized controlled trial; I, intervention; C, comparator; AH, assisted hatching.
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FIGURE 3
Forest plot of the meta-analysis of clinical pregnancy rate.
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TABLE 2 Selected subgroup analysis of pregnancy outcomes.

10.3389/frph.2025.1581529

Variables Implantation rate Clinical pregnancy rate Live birth rate Abortion rate
OR(95% ClI) OR(95% ClI) OR(95% ClI) OR(95% Cl)
Embryonic status Fresh / 1.29 (1.05-1.58) 1.26 (0.93-1.70) 0.85 (0.53-1.37)
Frozen / 1.02 (0.86-1.21) 1.01 (0.85-1.20) 1.45 (1.04-2.02)
Embryonic phase Cleavage-stage / / / /
Blastocyst / / / /
Age >38 2.10 (1.20-3.69) / / /
<38 1.00 (0.74-1.36) / / /

TABLE 3 Treatment-related common high-risk pregnancy events in this
meta-analysis.

High-risk pregnancy events RR(95% Cl)

Ectopic 0.68 (0.36-1.26) \
| Multiple 0.82 (0.65-1.02) |
statistically ~ significant (RR: 0.82, 95% CL  0.65-1.02)

(Supplementary Figure S10B).

Publication bias and sensitivity analysis

Begg’s Test and Egger’s test were carried out to access publication
bias in this study. No publication bias was found with Begg’s test and
Egger’s test for implantation rate (Egger’s test p =0.241, Begg’s Test
p=0.308) (Supplementary Figures S2A-C), live birth rate (Egger’s
test p=0.18, Begg’s Test p=1.0) (Supplementary Figures S4A-C),
(Egger’s test p=0.978, Beggs Test p=0.368)
S5A-C). slight
publication bias in clinical pregnancy rate (Egger’s test p=0.012,
Begg’s Test p=0.063) (Supplementary Figures S3A-C).

Sensitivity analysis was conducted to evaluate the impact of

abortion rate

(Supplementary ~ Figures However, there was

individual research findings on overall outcomes (Supplementary
Figures SIA-D). Most of the literature show significant statistical
changes in the overall results after exclusion, which indicated a
certain degree of bias in the meta-analysis.

Discussion

In our study, outcomes from eight studies were critically analyzed
and compared. Consistent with the meta-analysis by Zeng et al.,, our
research confirms that laser-assisted hatching (LAH) enhances
clinical pregnancy and implantation rates, indicating its potential in
improving early reproductive outcomes. This partially overlaps with
and contradicts our results, as we found that implantation rates were
more significant in older women and clinical pregnancy was related
to the transfer of fresh embryos. Furthermore, both studies observed
that LAH does not significantly increase live birth rates, suggesting
its benefits may be limited to the initial stages of pregnancy.
However, LAH is also associated with an increased likelihood of
miscarriage in frozen embryo transfers. Additionally, both studies
highlight the increased risk of multiple pregnancies associated with
LAH, underscoring the need for meticulous patient counseling,
although this risk was not statistically significant in our study.

Frontiers in Reproductive Health

Patients with RIF often struggle with embryos that fail to implant
after multiple cycles. With advancing maternal age, the zona pellucida
tends to become thicker and harder. This change can impede the
natural hatching process, and makes it more difficult for embryos
to implant in the uterine lining (19, 20). LAH can overcome this
barrier, thereby improving the odds of successful implantation and
clinical pregnancy (21, 22). And for successful implantation, the
timing of embryo hatching needs to be synchronized with the
window of endometrial receptivity. LAH might improve the
synchronization between the embryo’s readiness to implant and the
endometrial receptivity, a crucial factor for patients with a history
of implantation failures. This synchronization is particularly
beneficial for older women whose endometrial receptivity might be
more variable (19, 23). Recent studies and meta-analyses have also
provided more insights into the efficacy of LAH, especially in the
context of older women. These studies have started to elucidate the
specific scenarios in which LAH might be most beneficial,
including cases involving older women with previous implantation
failures (24, 25). In addition, we strongly advocate for the adoption
of more stringent criteria in future research and recommend
further validation of LAH’s efficacy specifically in rigorously defined
RIF populations, with particular emphasis on long-term pregnancy
outcomes in advanced-age cohorts.

Despite the overall analysis not showing a significant
improvement in clinical pregnancy rates, it's noteworthy that a
distinct improvement was observed in cases with fresh embryos,
while no statistical difference was found for frozen embryos. For
fresh embryo transfers, LAH may better synchronize the timing
between embryo readiness and endometrial receptivity. The fresh
transfer cycle might present a more synchronized environment for
the embryo to implant, and the LAH’s facilitation of hatching could
align well with this natural timeline (23). Fresh embryos are
generally considered to be of better quality than frozen ones as they
have not been subjected to the potential stresses of freezing and
thawing. The better initial quality of fresh embryos might mean that
they are more capable of benefiting from the improved implantation
conditions facilitated by LAH (25). As for frozen embryos, they
would undergo stress during the freezing and thawing processes,
which can lead to sub-lethal damages that aren’t immediately
apparent but might affect the embryo’s ability to implant and
develop, even after successful hatching facilitated by LAH (21).
What’s more, the cycles for frozen embryo transfers often involve
hormone replacement therapy to prepare the endometrium, which
might not mimic the natural cycle’s endometrial receptivity as
closely as fresh transfer cycles do. This could mean that even if the

frontiersin.org
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embryo is ready to implant due to LAH, the endometrial environment
might not be optimally receptive (20).
As discussed above, the initial damage brought by the process of
freezing and thawing imposes stress on the cells of the embryo (26,
), and harder zona pellucida of frozen-thawed embryos, though
thinned or driller by LAH, would affect the embryo’s ability to
expand and grow post-implantation, potentially leading to an
). Often, the best quality
embryos are selected for fresh transfer, while the remaining viable

increased risk of miscarriage (21,

ones are frozen for future use. This selection bias might inherently
lead to a higher miscarriage rate in frozen embryo transfers as they
might be of slightly lower quality or resilience compared to those
chosen for fresh transfer (28, 29). Also, altered microenvironment
by preparation protocols for frozen embryo transfers might also
affect the success of implantation and ongoing pregnancy (19, 29).
Besides, embryos with chromosomal abnormalities are more likely
to miscarry. While LAH may assist in implantation, it doesn’t
rectify underlying genetic issues that may be more prevalent in
embryos that have undergone the stress of freezing and thawing
(30, 31). While the observed increase in miscarriage rates for
frozen embryos as compared to fresh embryos post-LAH is
concerning, it’s important to consider the multifaceted nature of
these findings. Freezing embryos is a crucial aspect of ART,
particularly for fertility preservation and reducing the risk of
ovarian hyperstimulation syndrome (OHSS), the potential for
increased miscarriage rates needs careful consideration (23, 32).
The lack of a statistically significant difference in final live birth rates
with the use of LAH suggests that while LAH may influence earlier stages
of embryo development or implantation, its impact does not extend to
increasing the overall likelihood of a successful birth. Patients with RIF
represent a heterogeneous group with various underlying causes
contributing to their implantation failures. The inherent quality of the
embryo is a crucial determinant of successful live birth. While LAH
may assist in the hatching process, it does not enhance the genetic
quality or the developmental potential of the embryo, which are critical
for a successful full-term pregnancy (22). LAH is primarily a
mechanical intervention designed to assist the embryo in breaking
through the zona pellucida. While this may facilitate implantation, it
does not necessarily improve the embryo’s ability to develop and grow
throughout the entire pregnancy (19, 20). Pregnancy and live birth are
multistage processes influenced by various factors beyond initial
embryo implantation. Factors such as genetic embryo viability (33, 34),
maternal health (35,
unforeseen complications (37-39) during pregnancy all play significant
roles in determining successful live birth (Shapiro et al., 2018). And
only limited data in this paper was included in our paper, which may

), uterine environment (37), and other

make the results less comprehensive, particularly large, well-designed
randomized controlled trials, is necessary to clarify the role of LAH in
influencing final live birth rates. Future studies should aim to identify
specific patient subgroups that may benefit most from LAH (22, 24).

Safety

The safety of LAH can be assessed by looking at associated risks
like ectopic pregnancy and multiple births. While LAH improves
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implantation and pregnancy rates, it may also increase the chances
of multiple pregnancies, which carry higher risks for both the
mother and babies. However, current data, including from meta-
analyses, doesn’t suggest a significant increase in ectopic pregnancy
rates. While LAH is generally considered safe, there is a potential
risk of physical damage to the embryo if not performed correctly.
For RIF patients, any additional risk needs careful consideration
given their already challenging path to successful pregnancy.
Ongoing research is needed to ensure the long-term safety of LAH,
including any potential impacts on offspring health.

Strengths and limitation

Our study’s strength lies in its focused analysis on a specific
demographic (women with RIF), providing valuable insights into
the efficacy of LAH in this group. The study’s focus on subgroups,
such as older women and different embryo types (fresh vs. frozen),
provides valuable insights into where LAH might be most effective.
Despite its strengths, there are some weaknesses in our meta-
analysis. The study’s limitation is the small sample size, large RCT
is needed in the future. Besides, potential publication bias was
spotted in clinical pregnancy rate. The included studies span more
than a decade, from 2005 to 2023. The development of assisted
reproduction technologies over this decade is rapid, and the impact
of technological differences on outcomes should be considered.
However, our inclusion and expulsion process are rigorous, and
the biphasic evaluation is reliable.

For patients with RIF, LAH improves implantation rates in RIF
patients and shows a trend towards improved clinical pregnancy
rates, albeit without affecting live birth rates. The technique’s safety
profile is substantiated by the absence of increased ectopic or multiple
pregnancies. However, the higher abortion rate with frozen transfers
warrants cautious patient selection and personalized treatment
strategies. Ongoing research and a comprehensive treatment strategy
are essential for optimizing outcomes for these patients.
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