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ABSTRACT

OBJECTIVE: The objective of this study was to investigate the effect of total or partial assisted hatch-
ing on the clinical pregnancy rates in assisted reproduction technology.

STUDY DESIGN: This was a case-control study conducted from the beginning of January 2016 to the
end of June 2017. A total of 404 cycles were included in this case-control study. Study population was
divided into 3 groups: Group 1: Partial assisted hatching (n=118), Group 2: Total assisted hatching
(n=81) and Control group (n=205).

RESULTS: In women of all ages, clinical pregnancy rates were similar between groups with total or par-
tial assisted hatching compared to control group (p>0.05). The rates were also similar in subgroups of
women with blastocyst or cleavage stage embryo transfers (p>0.05). Partial or total embryo hatching did
not result in favorable outcome compared to the control group either in women over 35 or younger than
35 years of age (p>0.05). In whole study group, pregnancy rate was significantly higher in the group with
blastocyst stage embryo transfers (22.4 % versus 48.8%, p<0.05).

CONCLUSION: Partial or total assisted hatching do not have any impact on the clinical pregnancy rates,
no significant impact was determined in the subgroup of women either.

Keywords: Assisted hatching, Intracytoplasmic sperm injection, Implantation, In vitro fertilization, Partial
and total assisted hatching
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technology (ART) outcome (1-3). It was proposed that the
elasticity of the ZP might be lost secondary to the long-term
exposure of embryos to the in-vitro culture (4). Following the
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first report of pregnancy after assisted hatching (AH), several
approaches have been introduced to improve pregnancy rates
in ART (5-7). With the pool of evidence, the restricted group
of cases were proposed to have a favorable outcome with the
AH (8-10). As a consequence, two meta-analyses demon-
strated that AH has a positive impact on cycle outcome for the
patients with repeated implantation failures (11,12). Some dif-
ferent techniques for AH have been introduced up to date in-
cluding chemical, mechanical, enzymatic, piezo-micromanip-
ulation or laser. As a result, the technique with laser was
shown to have some advantages over chemical or mechanical
drilling procedures (13-18).

In addition to the best technique, the effect of the size of
AH was also questioned in several studies, a partial hatching
was shown to result in a higher implantation rate (19). Another
study showed a higher implantation rate in the group with
blastocyst stage embryo transfer and partial assisted hatching
in this group resulted in a favorable outcome (20). However,
there is still no clear evidence indicating the role of AH on the
outcome of cases without known poor prognosis with their
first fresh cycles (21).
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The objective of this study was to investigate the effect of
total versus partial assisted hatching on the clinical pregnancy
rates in ART in cases without known poor prognosis with their
first fresh cycles.

Material and Method

The prospective comparative non-randomized study was
conducted in the Zeynep Kamil Maternity and Children
Education and Research Hospital Reproductive Endocrinology
and ART department Istanbul-Turkey. Permission was ob-
tained from the Institutional Ethics Committee for the conduct
of this study. Written informed consent was obtained from all
study participants. The study period was between the begin-
ning of January 2016 to the end of June 2017.

A total of 404 cycles were included in the present study.
ICSI patients assigned to one of the 3 groups: Group 1: Cycles
with partial AH (n=118), Group 2: Cycles with total AH (n=81)
and control group consisted of cycles without AH (n=205).

Participants

In all patients, artificial reproductive techniques were indi-
cated for unexplained infertility. Unexplained infertility was di-
agnosed when a patient was infertile with normal ovulatory and
tubal functions, and her partner had a normal sperm count pa-
rameters (22). These were determined by menstrual cycle regu-
larity, hysterosalpingography and semen analysis, respectively.

Exclusion criteria include; cycles without grade 1 em-
bryos, frozen embryo or donor embryo transfers.

Ovarian stimulation protocols

For all participants with the first cycle without known
poor prognosis, a gonadotropin-releasing hormone antagonist
protocol was used for in vitro fertilization/intracytoplasmic
sperm injection (IVF/ICSI) (23). On the second day of the
menstrual cycle, 150-300 IU of recombinant follicle-stimu-
lating hormone (r-FSH) (Gonal-F™, Merck-Serono, Geneva,
Switzerland) were administered, and mean follicular growth
was monitored via two-dimensional transvaginal sonography
(TVS). The daily dosage of r-FSH was adjusted from day 5 of
stimulation according to ovarian response. The antagonist
(Cetrorelix™, Merck-Serono, Geneva, Switzerland) was ad-
ministered at a dose of 0.25 mg/day when follicular size
reached 12 mm (24). When follicular size reached 18 mm,
250 peg recombinant human chorionic gonadotropin (hCG)
(Ovitrelle™ 250 ug/0.5 mL Merck-Serono, Geneva,
Switzerland) was administered subcutaneously, and the ovum
pick was performed 34-36 hours afterward. ICSI was applied
for each oocyte obtained by follicular puncture. Subsequently
8% wvaginal progesterone gel (Crinone™ Merck-Serono,
Geneva, Switzerland) was applied twice daily, and continued
until 10 weeks in patients who became pregnant.

Laser assisted hatching technique
Assisted hatching was performed 1 h before embryo trans-
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fer for both total and partial zona dissection. Procedure was
applied under an Olympus inverted microscope IX-70 (x4, 10,
20, and 40 objectives) by Fertilase Microsurgical Laser Unit
(MMT Medical Technologies) and a display monitor (MMT
Medical Technologies, Montreux SA, Switzerland) (25). Type
of AH was determined in non-randomized manner by the em-
bryologist blinded for the patient characteristics, stimulation
outcome, and number of oocytes retrieved.

Embryo Transfer Protocol

Embryo transfer (ET) was performed on day 3 under ul-
trasound guidance using a Wallace catheter (Marlow/Cooper
Surgical, Shelton, CT, USA). After the visualization of the
cervix at the dorsal lithotomy position, and the removal of cer-
vical mucus gently with an aspiration catheter, the ET was per-
formed under the guidance of transabdominal sonography
(Logic 200.5 MHz transabdominal probe, General Electric,
USA) with the partly filled bladder using a soft transfer
catheter (Prodimed ZI, France), In all cases, an elective single
grade 1 cleavage or blastocyst stage embryo was transferred.

Clinical Outcomes

The serum levels of beta-subunit of hCG (B-hCG) were
measured after two weeks. If they were more than or equal to
normal levels (5 mIU/mL), the patient was considered to have
a successful implantation. The primary outcome measure was
the clinical pregnancy rate. All clinical pregnancies (i.e., those
with an intrauterine sac) were defined by ultrasound visualiza-
tion: Sac=intrauterine sac at >5 weeks, Fetus 7+=viable fetus
at >7 weeks with the positive fetal heartbeat.

Statistical analysis

Analyses were carried out by SPSS version 15.
Continuous variables were not normally distributed and were
given as median (range), unless indicated. Statistical compar-
ison was carried out by Student-t, Mann-Whitney, and chi-
square tests. Multivariate regression analysis was used to de-
termine adjusted associations. Where appropriate, a p-value
(two-tailed) of <0.05 was considered significant.

Subgroup analyses was undertaken to compare the two AH
techniques in women with blastocyst or cleavage stage embryo
transfers, and cases <35 years or older than 35 years of age.

Results

Table 1 summarizes the demographic, and clinical charac-
teristics of the whole study population who underwent 404 cy-
cles with an indication of unexplained infertility.

There were significant differences between groups with
cleavage versus blastocyst stage embryo transfers in terms
of age, number of total, and metaphase II oocytes (p<0.05,
table 2).

There were significant differences regarding the age,
serum FSH, total gonadotropin dose, number of total and
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metaphase Il oocytes among groups with partial, total or no
AH (p<0.05, table 3). Pregnancy rates were similar among
partial, total or no AH in the whole study population (25.4%,
25.9 %, 24.9 %; respectively, p>0.05).

Pregnancy rates were similar among groups with partial,
total and no assisted hatching in subgroup of cases with cleav-
age stage embryo transfers (25.4%, 19.7%, 21.5%; respectively,
p>0.05). Partial assisted hatching was associated with the low-
est pregnancy rate in the group with blastocyst stage embryo
transfers but the difference did not reach statistical significance
(25%, 53.3%, 50%; respectively p>0.05). Furthermore, partial
or total embryo hatching did not result in a favorable outcome
compared to a control group either in women over 35 (23.7%,
22.9%, 24.6%) or younger than 35 years of age (28.6%, 30.3%,
25.0%, p>0.05). In the whole study group, pregnancy rate was
significantly higher in the group with blastocyst stage embryo
transfers (22.4% versus 48.8 %, p<0.05)

Regression analysis
A model of multivariate regression analysis was created
including variables of age, serum FSH, number of total
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oocytes, groups of different AH, and the stages of transferred
embryos, analysis revealed that only the stage of embryo
transferred (beta coefficient = 0.175, p=0.001) was shown to
be significantly associated with clinical pregnancy rate after
adjustment for the other variables.

Discussion

Our data analyses showed that, partial or total AH had no
significant effect on the clinical implantation rate neither in
cases with cleavage stage embryo transfers nor the blastocyst
stage. Additionally, AH was not found to result in significant
difference neither in women over 35 nor the cases <35 years of
age. AH is a procedure usually applied to mimic the normal
hatching stage of embryonic development, this procedure was
shown to have a significant impact on the cycle outcome espe-
cially in a subset of cases with poor prognosis (i.e. at least two
ART cycles, who are 38 years or older, or have poor-quality
embryos). In addition to the inconsistent results regarding the
favorable effect, the best technique has not yet been deter-
mined. Some methods have been suggested for AH such as me-
chanically, by laser energy, or chemically, by acid solution

Table 1: Summary of the demographic characteristics of the studied population

Mean +SD Range
(min-max)

Age (Years) 34.1x4.2 24.0-37
FSH (mIU/mL) 6.8+1.7 4-10
Estradiol (pg/mL) 47.1+15.3 23-80
Total gonadotropin dose (units) 2597.6+1168.7 1000-6100
Duration of stimulation (days) 8.86+1.7 6-15
Number of total oocytes 8.1+£3.2 5-24
Number of mature oocytes 6.51£2.6 5-20

FSH: Follicle - stimulating hormone

Table 2: Comparison of the demographic characteristics of the groups with cleavage versus blastocyst stage embryo transfers

Cleavage (n:361) Meant SD *p value
versus Blastocyst (n:43)

Age (Years) Cleavage 34.9+4 1

Blastocyst 32.9+4 .4 0.003
FSH (mIU/mL) Cleavage 7.01£2.05

Blastocyst 6.5+1.5 0.134
Estradiol (pg/mL) Cleavage 47.5£15.5

Blastocyst 43.2+14.8 0.101
Total dose (units) Cleavage 2618.2+1171.6

Blastocyst 2425+1143.4 0.306
Duration of stimulation (days) Cleavage 8.8+1.6

Blastocyst 8.8+1.8 0.189
Number of total oocytes Cleavage 7.8+£3.1

Blastocyst 10.4+£3.9 <0.001
Number of mature oocytes Cleavage 6.312.4

Blastocyst 8.4+3.4 <0.001

FSH: Follicle-stimulating hormone, *p<0.05
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Table 3: Comparison of the demographic characteristics among groups with partial, complete or no assisted hatching

n Mean+SD Range Lower Upper P
(min-max) Bound Bound value
Age (Years) Partial(118) 37.1+2.1 35.0-43.0 36.6 374
Total(81) 36.5+1.8 35.0-43.0 36.1 36.9 <0.001
Control(205) 32.614.7 24.0-44.0 31.9 33.3
Total(404) 34.7+4.2 24.0-44.0 34.2 35.1
FSH (mIU/mL) Partial 7.61£2.2 4-10 7.2 8.07
Total 6.1£2.1 4-10 5.7 6.6 <0.001
Control 6.8+1.6 4-10 6.6 7.08
Total 6.9+2.01 4-10 6.7 71
Estradiol (pg/mL) Partial 49.5+16.4 23-83 46.5 52.5
Total 41.7+14.4 21-75 38.5 44.9 0.001
Control 47.8+14.9 10-79 45.7 49.9
Total 471155 10-83 45.6 48.6
Total gonadotropin Dose (Units)  Partial 2872.5+1240.4 1100-5850 2646.4 3098.7
Total 2512.3+1035.3 1050-5850 2283.4 2741.2 0.009
Control 2473.1+£1154.7 1000-6100 2314 .1 2632.1
Total 2597.6+1168.7 1000-6100 2483.3 2712
Duration of stimulation (days) Partial 8.80+1.6 6-13 8.5 9.09
Total 9.10+1.8 6-15 8.6 9.5 0.054
Control 8.80+1.6 6-14 8.5 9.04
Total 8.86+1.7 6-15 8.6 9.03
Number of total oocytes Partial 6.7+1.1 5-10 6.5 6.9
Total 6.8+1.1 6-9 6.6 71 <0.001
Control 9.3+1.1 6-24 7.7 8.4
Total 8.1+1.1 6-24 7.7 8.4
Number of mature oocytes Partial 5.6+1.1 5-9 5.4 5.8
Total 5.8+1.2 5-9 5.5 6.1 <0.001
Control 7.4+3.3 5-20 6.9 7.9
Total 5.38+3.5 5-20 5.03 5.73

FSH: Follicle-stimulating hormone

methods (22). Following the introduction of the best technique
to be laser AH, studies started to investigate the partial or total
zona hatching on the ART outcome (23-26). Additional studies
on the frozen-thawed embryo cycles revealed variable results
(27,28). Age also has been an issue and assessed in several fur-
ther studies to determine whether there is an optimal age group,
who would benefit from AH, again these studies showed vari-
able results (29-31). Some other variable results have been re-
ported for the cases with recurrent implantation failure (31,32).
There are also studies that have been conducted to determine
the impact of ZP features on reproduction, among one of these
studies, ZP thickness variation was not shown to be associated
with implantation after day 3 transfer and AH did not have sig-
nificant impact either (33). Additionally, different rates of the
size of the ZP thinning area by laser-assisted hatching were as-
sessed in a previous study. Study compared group of embryos
at cleavage stages that were not zona-manipulated, group with
a quarter of the ZP was thinned using laser-assisted, half of ZP
was thinned in one of the other group and in the third group,
two-thirds of the ZP was thinned. Analyses of the data revealed

that in vitrified-warmed embryo transfers at the cleavage-stage,
the two-thirds ZP thinning group demonstrated a significantly
decreased blastocyst formation rate compared with the control
group, while the half ZP thinning group demonstrated a sig-
nificantly increased complete hatching rate compared with the
control group, authors suggested this result to have a high
value in clinical application (34). Contrary to this finding, ac-
cording to our data, we had cases with cleavage stage embryo
transfers with partial or total AH, data analysis showed similar
clinical pregnancy rates, this result showed us that total or par-
tial AH do not result in decreased blastocyst formation.
Although AH was not shown to have a favorable effect in our
study, in a meta-analysis of 36 randomized controlled trials
with 6459 participants, AH was shown to be associated with an
increased chance of achieving clinical pregnancy and multiple
pregnancies. Authors pointed out the lack of data regarding
whether AH significantly changes live birth and miscarriage
rates (35). Due to the inconsistent results, studies have been
conducted to assess efficacy of AH in some subgroup of
women, the efficacy of laser assisted hatching of embryos on
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implantation, and pregnancy rates was assessed in a subgroup
of women if they fell in either one or more of the following cat-
egories: (i) Patients over 37 years of age undergoing either [VF
or ICSI treatment cycles; (ii) patients with more than 2 previ-
ous treatment cycle failures; (iii) patients undergoing frozen
embryo replacement cycles, and (iv) women who were consid-
ered to be poor responders. Subjects were divided into 3 groups
as: total LAH; group 1, partial LAH; group 2 and the quarter
LAH; group 3. Analyses of the data showed that pregnancy and
clinical pregnancy rates arising from quarter LAH were higher
in comparison with partial, and total LAH (19). Another study
concentrated on subgroup of women with recurrent implanta-
tion failure, in their study partial assisted hatching was shown
to be superior over total hatching in terms of implantation, clin-
ical pregnancy and live birth rates under 38 years old (36). AH
was also assessed in another subgroup of women with en-
dometriosis, authors of this study concluded that “That laser-
assisted hatching by thinning of the zona pellucida may be a
suitable method to improve the ICSI-ET outcomes, in term of
the implantation and the pregnancy rates, in cases of en-
dometriosis” (37). Studies have been published up-to-date on
the impact of AH with conflicting results, however among all
the indications, most consistently proposed indication that the
procedure had a beneficial effect was the AH in cases with re-
peated failures of embryo implantation. However, previous
study suggested that the potential value of AH for indications
other than repeated failure has to be weighed carefully to make
sure that AH does not reduce the chances of implantation (38).

Additionally, in another study, AH was shown to result in
favorable outcome especially in women with poor prognosis
including those with prior failed IVF cycles (39). We con-
ducted this study due to the paucity of data indicating the role
of AH on the outcome in cases without known poor prognosis
with their first fresh cycles (21).

To the best of our knowledge, this is the first study com-
paring different assisted hatching techniques on the cycle out-
come on normoresponders, in our study randomization was
not provided by a well-defined randomization technique, this
may be accepted as a drawback in this study.

In conclusion, among the cases without known poor prog-
nosis, and with their first fresh cycles, partial or total assisted
hatching do not have any impact on the clinical pregnancy
rates, no significant impact was determined in subgroup of
women either.
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