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Abstract
Purpose To assess the effect of assisted hatching (AH) on live birth rate (LBR) in first cycle, fresh in vitro fertilization (IVF) in
good and poor prognosis patients.
Methods Retrospective cohort using cycles reported to the Society for Assisted Reproductive Technology Clinic Outcomes
Reporting System. Live birth rate was compared in women who underwent first cycle, autologous, fresh IVF cycles with (n =
48,858) and without (n = 103,413) AH from 2007 to 2015.
Results The propensity-weighted LBR was 39.2% with AH versus 43.9% without AH in all patients. The rate difference (RD)
with AH was − 4.7% ([CI − 0.053, − 0.040], P < 0.001) with the calculated number needed to harm being 22. AH affected live
birth in both good prognosis and poor prognosis patients. The propensity-weighted monozygotic twinning (MZT) rate was 2.3%
in patients treated with AH as compared to 1.2% patients that did not receive AH. The RD with AH on MZT in fresh, first IVF
cycles was 1.1% ([0.008, 0.014], P < 0.001).
Conclusion AH may affect LBR across all patients and in poor prognosis patients in fresh IVF cycles. Caution should be
exercised when applying this technology. More prospective research is needed.
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Introduction

Success rates with in vitro fertilization (IVF) continue to im-
prove, yet some embryos still fail to implant. Human embryos
naturally Bhatch^ during the physiologic process of develop-
ment and implantation. Assisted hatching (AH), or artificially
thinning/drilling/breaching the zona pellucida, has been pro-
posed as a technique in assisted reproduction to improve the
capacity for the embryo to implant. Avariety of AH techniques

have been employed in the past including mechanical, chemi-
cal, and laser-assisted hatching [1].

Data regarding AH and its effect on live birth rate (LBR) is
limited. There have only been a few studies looking at LBR
and AH with just 255 live births reported from these small
trials [2]. In a Cochrane Review from 2012, even though the
clinical pregnancy rate was improved with AH, the LBR was
not different [3]. ASRM concluded in 2014 that due to a
limited number of studies, there is insufficient evidence at this
time to conclude that AH improves LBR [2]. A recent review
highlighted that many adjuncts used in the IVF laboratory,
including AH, are utilized in the absence of evidence based
medicine and often at an additional fee [4].

Some studies have shown an improvement in clinical preg-
nancy rate with AH specifically in poor prognosis patients [3].
These poor prognosis patients have been defined as those that
have 2 or more failed IVF cycles, poor embryo quality, 38 years
of age or older, elevated follicle-stimulating hormone (FSH)
value, and/or have a diagnosis of diminished ovarian reserve
(DOR) [3, 5, 6]. The Cochrane review identified 4 randomized
control trials with 567 women with poor prognosis patients and
found that there was no significant difference in LBR in those
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that underwent AH and those that did not (OR 1.46, 95% CI
0.99–2.15, P = 0.6) [3]. More recent data has shown that AH in
first cycle autologous frozen cycles is not beneficial and may
actually decrease LBR, especially in patients 38 and older [7].
The ASRM and SART practice committee opinion states that
Buntil data about LBR are available and in the context of in-
creased risk of multiple pregnancy, it is premature to recom-
mend AH in all patients with poor prognosis.^ [2].

Here, we describe, in a large retrospective series, the effect
of AH on LBR in first cycle, fresh IVF in all patient popula-
tions and specifically in poor prognosis patients. We aim to
add to the literature in AH to help physicians deliver evidence-
based care.

Methods

Ethical approval

The study was reviewed by the Institutional Review Board at
the University of Texas Health Science Center and was deter-
mined to be exempt.

Data source and outcome measures

Data used in this study was obtained from the Society for
Assisted Reproductive Technology Clinic Outcomes
Reporting System (SART CORS) between 2007 and 2015
and was approved by the SART research committee. The
SART CORS contains comprehensive data from more than
90% of clinics performingART in the US. The data is reported
to the Centers for Disease Control and Prevention, in compli-
ance with the Fertility Clinic Success Rate and Certification
Act of 1992 (Public Law 102- 493) and is validated annually
[8]. All data was de-identified.

The primary outcome measure was LBR. Secondary out-
comes were pregnancy rate (PR), spontaneous abortion rate,
and the rate of monozygotic twinning (MZT) [9]. Data analy-
sis included all fresh, autologous first IVF cycles where trans-
fer occurred between 2007 and 2015. We choose to use first
cycles to yield the purest evaluation of the effect of AH on
pregnancy outcomes. Outcomes of ART are multifactorial
with multiple cycles and embryo transfers adding confound-
ing variables. Primary and secondary outcomes were com-
pared in the embryo groups that all received AH versus those
groups without AH (no-AH). IVF cycles where AH data was
not entered or AH on only some embryos were excluded.
Cycles with an incomplete data set, defined as missing a co-
variate described below, or those that included preimplanta-
tion genetic testing (PGT) were also excluded from the anal-
ysis. A total of 48,694 cycles were excluded with AH, and
98,689 cycles that received AH. The covariates with the most

missing data included body mass index (BMI), parity, and
maximum FSH.

Primary and secondary outcomes were calculated separate-
ly in poor prognosis and good prognosis patients. Poor prog-
nosis patients included patients with one of the following poor
prognosis criteria defined by: age 38 years or older, no history
of a live birth, or poor-quality embryos. Good prognosis pa-
tients included patients with all of the following: age 37 years
and younger, history of a live birth, and no poor-quality em-
bryos. Embryo quality was based on morphologic features
recorded in the SART database. To evaluate the most recent
year-specific effects of AH, primary outcomes were also com-
pared per year in the last 5 years in the data set (2011–2015).

Statistical methods

Factors associated with receiving AH, such as age and etiolo-
gy of infertility, were associated with cycle outcomes. To ac-
count for these confounding factors, we conducted inverse
probability of treatment weighting using the covariate
balancing propensity score methodology, which balances the
means of covariates in the propensity-weighted data [10]. The
effect of receiving AH on each cycle outcome was measured
by the average treatment effect (ATE). For this study, the ATE
compares the probabilities of two counterfactual cycle out-
comes of the recipients that would have been observed if all
the recipients had been treated with and without AH. The
propensity score was defined as the probability of receiving
AH given the following covariates: reporting year, prior birth
history, etiology of infertility, age at retrieval, day 3 or day 5
transfer, maximum FSH level, BMI, total embryos transferred,
and quality of embryos. Therefore, the ATEs estimated with
propensity score weights represent the causal effects of AH on
cycle outcomes with the above covariates being controlled. In
addition, using all patients, the ATEs were estimated per year
from 2011 to 2015. Logistic regression models were used to
estimate the propensity score. The data set used for estimating
the propensity was summarized in terms of demographics and
confounding factors as described before. AH and no-AH
groups were compared with chi-squared tests for categorical
variables, t tests for continuous variables, and standardized
mean differences. Standardized mean differences (SMD) are
an indication of how closely potential confounding variables
are balanced between intervention and comparison groups. To
assess effect modification by prognosis status, separate pro-
pensity score analyses were conducted for good and poor
prognosis groups as described above. Theses stratifications
were motivated from the study of Kissin [5]. Regarding
LBR, analysis of diagnosis of DOR and day of transfer were
performed separately. R software (R Foundation for Statistical
Computing, Vienna, Austria) was used for all analyses and the
threshold for significance was a two-sided P value of 0.05.
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Results

Demographics

The study population from 2007 to 2015 included 152,271
fresh, autologous, first IVF cycles. Overall, AH occurred in
48,858 cycles and no-AH occurred in 103,413 cycles. The
AH versus no-AH study groups were statistically different in
terms of age at retrieval, race, gravidity, parity, prior birth his-
tory, infertility diagnosis, andmarkers of ovarian reserve (FSH).
The AH group was older at time of retrieval, less parous, with a
higher FSH compared with the no-AH group. The AH group
also had a higher number of embryos transferred and more day
3 transfers as compared with the no-AH group (Table 1). The
embryo quality and prognosis were also different between the
study groups with the AH group having a higher percentage of
poor prognosis patients compared to the no-AH group
(Table 2). Due to differences in demographics and prognostic
indicators, propensity score analysis was performed, and stan-
dard mean differences were evaluated.

Pregnancy outcomes in all patient populations

The propensity-weighted LBR was 39.2% with AH versus
43.9% without AH in all patients. The rate difference (RD)
with AH was − 4.7% ([CI − 0.053, − 0.040], P < 0.001) with
the calculated number needed to harm being 22 (Table 3). The
RD with AH on pregnancy rate was − 5.0% ([CI − 0.057, −
0.044], P < 0.001). AH did not change spontaneous abortion
rate (7.7% AH compared to 7.7% no-AH, RD − 0.001 [CI −
0.004, 0.003], P = 0.772). Pregnancy outcomes with AH com-
pared to no-AH without adjusting for confounders have a
larger rate difference (Supplemental Table 1).

Pregnancy outcomes in subgroups by patient
prognosis

From 2007 to 2015, there were 42,020 fresh, autologous, first
IVF cycles with a good prognosis (AH in 9591 and no-AH in
32,429) and 110,251 fresh, autologous, first IVF cycles with a
poor prognosis (AH in 39,267 and no-AH in 70,984). AHwas
performed in 35.6% of the poor prognosis group and 22.8% of
the good prognosis. After adjusting for confounders, LBRwas
47.35% in the good prognosis group and 39.47% in the poor
prognosis group. In good prognosis cycles, the RD with AH
on LBR was − 4.3 ([CI − 0.056, − 0.030], P < 0.001). In poor
prognosis cycles, the RD with AH on LBR was − 4.9% ([−
0.057, − 0.042], P < 0.001) (Table 3).

AH analysis per year

From the most recent years 2011 to 2015, AH consistently had
a negative effect on LBR when other factors were controlled

(Fig. 1). In the most recent analysis year (2015) including
15,525 cycles, the rate difference with AH was − 4.0% ([CI
− 0.060, − 0.021], P < 0.001). On average, in the past recent 5
years, the rate difference with AH was − 6.0% ([CI − 0.089, −
0.032], P < 0.001), which did not differ significantly from the
− 4.5% rate difference ([CI − 0.055, − 0.034], P < 0.001), in
the previous years (2007–2010) (P = 0.32). AH also signifi-
cantly decreased PR across these years and did not affect
spontaneous abortion rate (data not shown).

Monozygotic twinning

The propensity-weightedMZT rate was 2.3% in patients treat-
ed with AH as compared with 1.2% patients that did not re-
ceive AH. The RD with AH onMZT in fresh, first IVF cycles
was 1.1% ([0.008, 0.014], P < 0.001). AH increased the MZT
rate in both good and poor prognosis patients (Table 3).

Day of transfer

Even though day of transfer was a variable controlled by pro-
pensity scores, a further analysis of AH and LBR was com-
pleted according to day of embryo transfer. AH consistently
affected live birth outcomes with both day 3 and day 5 embryo
transfers when other factors were controlled across all pa-
tients, both good and poor prognoses. Across all patients un-
dergoing day 3 transfers, AH reduced LBR by 3.8% (rate
difference (RD) − 0.038 [CI − 0.045, − 0.03], P < 0.001).
Across all patients undergoing day 5 transfers, AH reduced
LBR by 5.3% (rate difference (RD) − 0.053[CI − 0.063, −
0.043], P < 0.001) (Table 4).

Diagnosis of diminished ovarian reserve

Another analysis was performed based on the diagnosis of DOR
as reported to SART. AH consistently affected LBR in both
patients with and without a diagnosis of DOR. Across patients
with a diagnosis of DOR, AH reduced LBR by 5.2% (rate
difference (RD) − 0.052 [CI − 0.067, − 0.037], P < 0.001). In
patients without a diagnosis of DOR,AH reduced LBR by 5.1%
(rate difference (RD) − 0.051 [CI − 0.058, − 0.044], P < 0.001).

Discussion

We found that AH is still being used and more women in the
poor prognosis category had AH than those without AH. The
use of AH in first, autologous fresh IVF cycles may affect
live birth outcomes in both good and poor prognosis pa-
tients. Usage of AH continues despite the lack of definitive
data supporting and directing its use [7]. This analysis high-
lights the need for more prospective data on the use AH as
an adjunct in IVF.
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This study offers a more recent analysis of AH and preg-
nancy outcomes. In previous studies, Kissin et al. analyzed
AH in a large retrospective analysis of the National Assisted
Reproductive Technology Surveillance System from 2000 to
2010 and showed that AH was not associated with improved
outcomes [5]. We did a sub-analysis of the most recent 5 years
available in SART (2011–2015) and found that AH was con-
sistently not beneficial. This 5-year period was chosen to eval-
uate the time period since the analysis by Kissin et al. [5].

AH usage has increased and there has also been a change in
the type of hatching method over time [5, 11]. Laser-mediated
technology has been more widespread in the last 10 years as
compared to mechanical or chemical procedures [11].
Although SART does not differentiate the type of AH proce-
dure, our recent analysis is more reflective of current tech-
niques. Our sub-analysis of the most recent 5 years available
in SART (2011–2015) did not show any difference in rate of
harm as compared to previous years (2007–2010) suggesting
that althoughAH techniques have changed, the outcome is not
improving LBR as intended. In addition to a more recent
analysis, this analysis includes embryo morphology in poor
prognosis patients. SART morphologic grading system re-
ports overall grade of the embryo at time of transfer.
Grading is a subjective assessment of the overall quality of
the embryo as good, fair, or poor, and is based on the assess-
ment of the embryo, such as fragmentation, symmetry, inner
cell mass quality, or trophectoderm quality. SART CORS
morphological measures of embryos have been previously
shown to be predictive of live birth after IVF [12]. Previous
analyses have used a lack of embryos left for cryopreservation
as a surrogate marker for embryo quality in poor prognosis
patients [5]. However, it has since been shown that not having
cryopreservation did not reliably indicate poor quality [13].
We choose to use SART morphologic embryo grading as a
more accurate marker for poor-quality embryos as compared
to just utilizing lack of embryos for cryopreservation.
Therefore, our subgroup analysis of poor prognosis patients
included either increased age, patients without a history of live
birth, or poor embryo quality as depicted in SART. Although
this definition of poor prognosis does not include patients with
failed prior IVF cycles, it does allow one to consider the pop-
ulation that presents for their first IVF cycle with these patient
characteristics.

Although definitions for poor prognosis have varied, it has
been proposed that AH is most beneficial in this patient sub-
group. However, our analysis shows that poor prognosis pa-
tients reap no benefit from AH and in fact, AH does not im-
prove LBR in this patient population. The risk difference with
AH is less in poor prognosis patients compared to good prog-
nosis patients, yet it still affects both groups. Based on this
data, we do not recommend patients with a poor prognosis be
targeted as a group that would benefit from AH. These con-
clusions do not extend to frozen/thawed embryos; however,T
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this was recently published in separate analysis which did not
find a benefit to AH in frozen embryo cycles [7].

Increased manipulation of the embryo, such as with AH,
may be harmful to the embryo. This may offer an explanation
to the reduction in live birth. Specifically, the created hole, by
AH, in the zona pellucida may decrease protection of the
embryo from toxins. It has also been speculated that
interrupting the natural hatching process of the blastomeres
may impair implantation [14].

Whether AH is associated with an increased risk for MZT
continues to be controversial and may vary based on the type

of embryo transfer. Previous data supports that AH increases
the risk for MZT, especially in fresh transfers and day 2–3
transfers [15, 16]. Conversely, analysis of frozen embryo
transfers (FET) and AH from the SART database did not re-
veal an increased risk [7]. Whether there is only an increased
risk of MZT with AH in fresh cycles as compared to FET is
still not clear due to limited studies. Because of the possible
associated risk, use of AH for all patients undergoing IVF,
including those with poor prognosis, is not recommended by
ASRM [2]. Based on our analysis, there may be an increased
risk, although the risk is still small, for MZT in fresh, first

Table 3 Pregnancy outcomes and assisted hatching

Group (sample size) AH No-AH Rate difference [CI] P value

A. Pregnancy rate and AH

All patients (152,271) 56.51% 61.55% − 0.050 [− 0.057, − 0.044] < 0.001

Poor prognosis (110,251) 54.37% 59.65% − 0.053 [− 0.06, − 0.045] < 0.001

Good prognosis (42,020) 62.17% 66.88% − 0.047 [− 0.059, − 0.035] < 0.001

B. Spontaneous abortion rate and AH

All patients (152,271) 7.66% 7.72% − 0.001 [− 0.004, 0.003] 0.772

Poor prognosis (110,251) 7.83% 7.76% 0.001 [− 0.003, 0.005] 0.723

Good prognosis (42,020) 7.18% 7.48% − 0.003 [− 0.001, 0.004] 0.380

C. Live birth rate and AH

All patients (152,271) 39.16% 43.85% − 0.047 [− 0.053, − 0.040] < 0.001

Poor prognosis (110,251) 36.97% 41.90% − 0.049 [− 0.057, − 0.042] < 0.001

Good prognosis (42,020) 45.16% 49.49% − 0.043 [− 0.056, − 0.030] < 0.001

D. Monozygotic twinning and AH

All patients (76,759) 2.29% 1.22% 0.011 [0.008, 0.014] < 0.001

Poor prognosis (53,194) 2.26% 1.14% 0.011 [0.007, 0.015] < 0.001

Good prognosis (23,565) 2.41% 1.43% 0.01 [0.004, 0.015] < 0.001

P value < 0.05 denotes a difference in groups; AH, assisted hatching; CI, confidence interval

                     Live birth

Year

2011

2012

2013

2014

2015

Sample size

21554

22337

18742

14224

15525

Rate difference

−0.076 [−0.111, −0.041]

−0.052 [−0.069, −0.034]

−0.043 [−0.063, −0.024]

−0.027 [−0.048, −0.005]

−0.04 [−0.06, −0.021]

P value

<0.001

<0.001

<0.001

0.018

<0.001

0−0.01−0.02−0.03−0.04−0.05−0.06−0.07−0.08
Reduced live birth

Fig. 1 Effect of AH on LBR per
year. AH consistently decreased
LBR from 2011 to 2015
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cycle IVF cycles with AH. Larger prospective, multicenter
studies are needed in the future to confirm this finding.

Using retrospective data is a limitation but allows us to
look at large groups of certain patient subsets that we could
not otherwise do prospectively. The SART database is de-
signed to enter patients prospectively during their cycle to
limit any misclassification of exposure or recall bias; howev-
er, there is still a potential source of bias. SART tracks clinics
instead of specific patients, so it is possible that a patient was
not truly going through their first cycle, but had switched
from a different clinic after a failed cycle. Although there
are limitations to the database, SART collects information
from > 95% of IVF cycles in the US and has been instrumen-
tal in supplying the data and feedback leading to well docu-
mented improvements in quality and care [17]. The lack of
information on method of AH in SART limits our ability to
be more specific in analysis and subsequent recommenda-
tions as we are forced to consider AH as a homogenous
technique. Moreover, clinical outcomes could be affected by
culture condition or differences in biopsy technique utilized
in each lab. Selection bias could have impacted our results
because patients with a poor prognosis were more likely to
have AH. Even with propensity score weighting, residual
confounds could have affected the results. Evidence of
MZTwas assumed as number of fetal heart beats greater than
the number of embryos transferred as described in previous
papers [18]. This methodology does have some limitations as
recently described; although the large majority of twins after
single embryo transfer are monozygotic, not all are [19]. The
SART database is a reporting system for IVF cycles in the
United States (US), and therefore results may not be general-
izable to IVF patients outside of the US.

Other limitations include those intrinsic to using the SART
database as discussed previously, including missing data [9].
The number of cycles excluded due to missing data was large,
but necessary to best assess the effect of AH by the use of
propensity weighting using the covariates. Propensity
weighting was used to account for more poor prognosis pa-
tients receiving AH and the multiple covariates that influence

prognosis. Using this statistical method allowed for a more
balanced comparison of outcomes from an intervention.

Conclusion

AHmay affect live birth outcomes in all patient populations in
fresh IVF cycles. Lower live birth rates are seen in good and
poor prognosis patients that received AH. These findings are
consistent with previously published studies; however, AH is
still being performed. Caution should be exercised when lib-
erally applying this technology as a major tool to improve
clinical outcomes.
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Table 4 Live birth rate and assisted hatching in propensity-weighted populations with day 3 and day 5 embryo transfer

Group (sample size) AH AH Rate difference [CI] P value

Day 3 transfer

All patients (74,625) 31.54% 35.33% − 0.038 [− 0.045, − 0.03] < 0.001

Poor prognosis (56,754) 29.32% 33.3% − 0.04 [− 0.048, − 0.031] < 0.001

Good prognosis (17,871) 38.2% 43.57 − 0.054 [− 0.073, − 0.035] < 0.001

Day 5 transfer

All patients (77,646) 46.46% 51.74% − 0.053 [− 0.063, − 0.043] < 0.001

Poor prognosis (53,497) 44.58% 50.77% − 0.062 [− 0.074, − 0.05] < 0.001

Good prognosis (24,149) 50.8% 53.92% − 0.031 [− 0.05, − 0.012] < 0.001

P value < 0.05 denotes a difference in groups; AH, assisted hatching; CI, confidence interval
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