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ABSTRACT

At present, the problem of increasing the effectiveness of programs of assisted re-
productive technologies and successful infertility treatment is still relevant. Assisted
hatching used in the devitrificated embryo transfer facilitates the exit of the embryo
from the pellucide zone. Yet the clinical efficacy of assisted hatching is relevant and de-
batable. There are no clear indications for the use of this technology, and no groups
of patients have been identified.

The aim of the study. To assess the effectiveness of laser hatching in the frozen-
thawed embryo transfer programs in patients with tuboperitoneal infertility.
Materials and methods. We examined 300 women with tuboperitoneal infertility
who had theirembryos frozen for transfer. Inclusion criteria: age from 18 to 35 years;
tuboperitoneal infertility; embryos cryopreserved for transfer. Exclusion criteria:
age more than 36 years; other infertility factors. Women were divided into 2 groups:
group 1—women who had a frozen-thawed embryo transfer with preliminary laser
hatching (n = 137); group 2 - control group (n = 163).

Results. There were no differences between the groups in the mean age, body
mass index and the age at menarche. According to the results of the embryological
stage, there were also no differences in the number and quality of frozen embryos.
The pregnancy rate in the group with preliminary laser hatching was 44.5 %, which is
significantly higher than in the control group (42.3 %; p < 0.001). We also found
statistically significant differences in pregnancy outcomes: in the frequency of spon-
taneous miscarriages — 13.1 % and 20.2 % respectively (p < 0.001), in the frequency
of term deliveries — 30.7 % and 22.1 % respectively (p < 0.001).

Conclusion. In our study, the using laser hatching in women with tuboperitoneal
infertility positively affected the embryos implantation in the cryopreservation pro-
tocols. Pregnancy and live birth rates are higher after using hatching technology,
and the frequency of miscarriages up to 12 weeks is lower. This provide an opportunity
to further study the effect of hatching on long-term outcomes, such as gestation
course and childbirth.
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PE3IOME

B Hacmosuwee 8pems npobriema 3¢hhekmusHo20 npeodosieHus 6ecnioous 8 npo-
2pamMmax 3KCMpakopnopaabHO20 onj000mMeopeHUs 0Cmaémcsa No-npexHemy
axkmyasbHoU. TexHO02UA 8CNOMO2amMesibHO20 XAMYUH2d, UCN0/b3yeMdas npu nepe-
Hoce 0esUumpuUUYUPOBAHHO20 3MOPUOHA, HANPAB/IeHA HA 0brie2ueHuUe 8bIC8o-
60x0eHuUsd a3MOpuUoHa u3 brecmsweli 060104KkU. OOHAKO BONPOC €20 KJTUHUYECKOU
3hchekmusHOCMU 0OCMAémcs KpaliHe akmyasibHbIM U NPOMUBOPeYUBbIM.

Lenwb uccnedoeaHnus. OueHka 3¢hepekmusHoCcMuU NpuMeHeHUs 1d3epHO20
X3MYUH2a 8 NPO2PAMMAX C NEPEHOCOM PA3MOPOXEHHO20 IMOPUOHA Y XeHUJUH
C mpy6HO-nepumMoHeasnsbHelM becnioouem.

Mamepuanei u memoOoel. bbisio 06ciedo8aHo 300 xeHWUH, cmpaoarowux mpyo6-
HO-nepumMoHeasbHbIM 6ecnioouem, Komopble UMeu KpUOKOHCep8UPOBAHHbIE
IMOpUOHBI. Kpumepuu 8K/r0YeHUA: 803pacm om 18 0o 35 nem ekouumMesibHo;
mpy6HO-nepumoHeasbHoe becnio0ue; Haauyue KPUOKOHCEPB8UPOBAHHbIX SMOPU-
0HOB 0715 nepeHoca. Kpumepuu uckodeHuUs: 803pacm 36 jiem u cmapule; Hasaudue
opyaux pakmopos becnnoous. Janee 611U chopMupos8aHsl 08e 2pynnsi: 2pynna 1 —
JKEHUWUHbI, Y KOMOPbIX NEPEHOC PA3MOPOXEeHHbIX SMOPUOHOB 8bINOJTHAICA C NPO-
sedeHuUeM Nnpeds8apumesibHo20 /1a3epHo20 xamyuHea (n = 137); epynna 2 - 2pynna
KoHmMpona (n=163).

Pesynemamel. [pynnel cpasHeHus He pasuyaaucb no cpedHemy 8o3pacmy,
UHOeKCy Maccol mesia, 803pacmy meHapxe. [1o pe3ysibmamam 3m6puosio2u4ecko20
3Mana makxxe He 8blA8/1eHbl PAs/IU4UsA NO KOJIUYeCmay U Ka4ecmay 3aMOpPOXEHHbIX
3MbpuoHos. Yacmoma HacmynieHus bepeMeHHOCMU 8 2pynne ucc1e008aHUA
C NposedeHUeM /1d3epHO20 XaMUUH2a cocmasuna 44,5 %, Ymo cmamucmuyecku
3HA4YuUMO 8bllle, YeM 8 2pynne KOHMposs (42,3 %; p < 0,001). Takxe Hamu bbiiu
8blA8JIeHbI CMAMUCMUYECKU 3HaYUMble pasziuyus 8 ucxodax bepemeHHocmel:
84dcmome camonpou380J1bHbIX 8bIKUObIWEU — 13,1 % u 20,2 % coomeemcmeeHHO
(p <0,001), cpoyHbIx podos — 30,7 % u 22,1 % coomseemcmeeHHo (p < 0,001).
3aknmoyenue. BHawem uccie008aHUU NpUMeHeHUe Ia3epHO20 XamMYuHaa 671a20-
NpuUAMHO NOBJIUAIO HA UMNIAHMAyuto 8 Kpuonpomokosax. OOHAKO C853b Mex0y
X3MYUH20M U 00J120CPOYHBIMU UCXO0AMU, MAKUMU KaK medyeHue bepeMeHHoCmu
U podsl, mpebyem OasnbHeliuiezo Uy4yeHus.

Knioueawlie cnoea: scnomozamesibHbie penpodyKmugHbie mexHo102uu, Kpuo-
NPOMOKOJI, PAa3MOPOXeHHbIU SMOPUOH, KPUOKOHCep8ayus, 8CnoMo2amestbHbili
XaMmyuHe
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RELEVANCE

At present, the problem of increasing the efficiency
of programs of assisted reproductive technologies and
successful infertility treatment is still relevant. Data pub-
lished in the 26th annual report of the Register of Assisted
Reproductive Technologies (ART) of the Russian Associa-
tion of Human Reproduction (RAHR) show that the preg-
nancy rate in in vitro fertilisation (IVF) programs in 2020 was:
per cycle - 28.9 % (in 2019 -32.3 %), per puncture — 30.0 %
(in 2019 - 33.3 %), per embryo transfer — 34.8 % (in 2019 -
38.5 %) [1]. In programs with frozen-thawed embryo trans-
fer, the pregnancy rate per cycle was 41.3 % (41.8 % in 2019)
and per embryo transfer was 42.1 % (43.0 % in 2019) [1].
Despite significant progress in the field of assisted repro-
ductive technologies, it is impossible to improve the out-
come of ART programs without studying the mechanisms
of implantation.

The outcome of ART programs is influenced by many
factors. The main ones are endometrial condition, em-
bryo quality and delivery to the implantation site [2, 3].
However, during the preimplantation development stage,
the embryo is inside a glycoprotein shell, which is called
the zona pellucida (pellucid zone) [4, 5]. Failure of the em-
bryo to emerge from the zona pellucida often results
in failure in ART programs and spontaneous pregnancy
does not occur.

The human oocyte is surrounded by the zona pellu-
cida shell composed of specific glycoproteins. After fer-
tilization, blocking mechanisms are triggered in the zona
pellucida and plasma membrane of the oocyte to prevent
the penetration and fusion of additional spermatozoa
[6, 7]. After fertilization, the zona pellucida shell persists
and surrounds the developing human embryo for a few
more days. Then, the embryo emerges from the shell
and establishes cell contacts between the trophecto-
derm and the endometrial epithelium for subsequent
implantation [8]. In embryology, the term «hatching» re-
fers to the emergence of an embryo from the zona pel-
lucida shell: spontaneous hatching occurs at the blasto-
cyst stage, when the shell ruptures and the blastocysts
emerge through the resulting gap. The zona pellucida rup-
ture is caused by the following factors: release of proteo-
lytic enzyme - cathepsin — by the cells of trophectoderm,
which in turn dissolves the area of the shell; mechanical
rupture of the zona pellucida by a blastocyst due to anin-
crease in size [9, 10].

At the embryological stage, various factors may affect
a blastocyst, such as the composition of the culture me-
dium, intracellular zinc concentration in the oocyte, im-
paired synthesis of metalloproteinases and the use of cry-
opreservatives for the embryo freezing, leading to thicken-
ing of the zona pellucida, which necessitates preliminary as-
sisted hatching [11-13].

Assisted hatching is an embryological technique
that aims to increase the embryo implantation rate by elim-
inating the cause of incomplete hatching. Several types
of assisted hatching are used in embryological practice:
mechanical, laser-assisted, chemical or enzymatic. During
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mechanical hatching, the zona pellucida shell is pierced
with a micro-needle, but there is a risk of rupture or loss
of blastomeres and there may be an increased incidence
of multiple pregnancies [12-14]. During chemical hatch-
ing, an acid is applied to the shell, which if the tech-
nique of the procedure is not followed can be destructive
to the blastomeres adjacent to the hole made. The zona
pellucida shell dissolves on contact with acid, so the em-
bryo is immediately removed and washed several times
to remove any traces of acid [14].

The laser is ideal for microsurgical procedures be-
cause the energy is easily focused on the target area, cre-
ating a controlled and precise orifice that is coordinated
between operators. Using an optical lens, the laser beam
is directed tangentially to the embryo through the zona
pellucida in non-contact mode or touches the embryo
and performs hatching in contact mode [14]. Femtosec-
ond laser pulse technology is currently used in cell sur-
gery. According to the study of M.M. Rakityansky et al.,
the use of femtosecond laser pulses allows for preci-
sion perforation of the zona pellucida without affecting
its cells. A femtosecond laser scalpel-tweezers are used
to perform laser-assisted hatching. An optical mamma-
lian embryo biopsy technique has been developed. It al-
lows non-contact isolation of material from the embryo
for preimplantation diagnosis of its condition. The re-
sults of the study show that about 90 % of embryos sub-
jected to such operations retained the ability to devel-
op to the blastula stage [15].

A. Alteri et al. who compared mechanical, chemi-
cal and laser-assisted hatching reported the superiority
of the latter [16]. In the study by C. Liu et al. use of laser-as-
sisted hatching during transfer of a single frozen-thawed
blastocyst shows higher rates of implantation, pregnancy
and live birth [171].

Despite the large number of existing embryolog-
ical techniques, the issue of clinical efficiency of pro-
grams of cryopreserved embryo transfer remains high-
ly relevant and controversial. Considering the above ar-
guments, the aim of the study was to evaluate the effi-
ciency of laser hatching in programs with frozen-thawed
embryo transfer among female patients with tuboperi-
toneal infertility.

MATERIALS AND METHODS

The study was conducted at the ART department
of the Regional Perinatal Center of the State Budgetary
Healthcare Institution «Irkutsk Regional Clinical Hospi-
tal, winner of the “Mark of the Honor” award from 2018
to 2021. A total of 300 women receiving ART treatment
for tuboperitoneal infertility (ICD-10: N97.1) were exam-
ined. After the IVF program, the patients’ embryos were vit-
rified for further transfer. The inclusion criteria were: age
range from 18 to 35 years inclusive; tuboperitoneal infer-
tility; embryos vitrified for transfer. Exclusion criteria: age
36 years and older; other infertility factors; endometrio-
sis; uterine anomalies; absence of vitrified embryos; male



infertility; use of donor material (donor oocytes, sperm
and embryos).

Patients with cryopreserved embryos were divid-
ed into two groups depending on the use of laser-assist-
ed hatching: group 1 — women who had a frozen-thawed
embryo transfer with preliminary laser hatching (n = 137);
group 2 - control group which consisted of women
who had a frozen-thawed embryo transfer without hatch-
ing (n = 163). All patients gave a voluntary informed con-
sent to participate in the study. The work with the patients
was carried out in accordance with the ethical standards
of the World Medical Association Declaration of Helsinki
(ed. 1964, 2012). The conduct of this study was approved
by the local ethical committee of the Irkutsk State Medi-
cal Academy of Postgraduate Education — Branch Campus
of the Russian Medical Academy of Continuing Profession-
al Education of the Ministry of Health of Russia (Minutes
No. 12 dated 14.11.2017).

Clinical and medical history data, IVF program and em-
bryological stage, cryopreservation protocol and pregnan-
cy rate of the compared groups were studied after the per-
formed manipulations.

Controlled ovarian stimulation in IVF cycles was per-
formed according to a protocol with gonadotropin-releas-
ing hormone antagonists. The average doses of gonadotro-
pins used were not statistically different between groups.
The ovulation trigger is chorionic gonadotropin at a dos-
age of 6500 IU. The method of fertilization is IVF or intracy-
toplasmic sperm injection (ICSI).

At the cleavage stage, embryo quality was assessed
according to the classification of J. Lens et al,, at the blas-
tocyst stage - according to the classification of D. Gard-
ner et al. (1999). Embryos were vitrified (ultra-fast cryo-
preservation) using Kitazato reagent kit (Japan). Thawing
was carried out according to the manufacturers’ recom-
mendations. Preparation of the endometrium for thawed
embryo transfer was performed with step-by-step admin-
istration of estrogen and progesterone preparations ac-
cording to the days of embryo culturing. In all cases, trans-
fer of one or two embryos of excellent and good quali-
ty was performed when endometrial thickness of 8 mm
or more was achieved. The efficiency of this method was as-
sessed by pregnancy rate and long-term outcomes (spon-
taneous abortion and term birth).

Statistical processing was carried out with prelim-
inary assessment for compliance with the normal dis-
tribution (the Gaussian distribution), then by nonpara-
metric methods using the Statistica v. 10.0 basic pack-
age (StatSoft Inc., USA). The parametric Student’s test
(t-test) was used to test the statistical hypothesis of equal-
ity of two independent samples in the case of normal-
ly distributed continuous variables. The nonparamet-
ric Mann — Whitney test was used for pairwise compari-
son of groups in the case of distribution of values differ-
ent from the normal distribution. The ¥ test, the x? test
with Yates’s correction for continuity and the two-tailed
Fisher exact test were used in the analysis of 2 x 2 con-
tingency tables. Differences were considered statistical-
ly significant at p < 0.05.
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RESULTS AND DISCUSSION

At the first stage, we analyzed the clinical and medical
history data. The comparison groups did not differ in the pa-
tients’ average age, body mass index and age at menarche.
The average duration of infertility in the studied patients also
had no statistical differences and was 5.1-5.9 years (p = 0.6).
A history of pelvic inflammatory diseases was found in more
than 95 % of cases (group 1-95 % of cases; group 2 - 96.6 %
of cases; p=0.9); reconstructive surgeries on fallopian tubes
were performed in more than 70 % of cases (group 1-77 %
of cases; group 2 — 77.5 % of cases; p = 0.5), but no statisti-
cally significant differences were found.

In the study groups, secondary infertility was more fre-
quent than primary infertility: in group 1, primary infertility
was registered in 47.7 % and secondary infertility in 52.3 %
of cases; in group 2, in 38 % and 62 % of cases, respective-
ly. One third of all women studied had a history of child-
birth (31.1 % and 32.7 %, respectively). Half of the wom-
en had medical abortions (50.9 % and 51.7 % respectively).
It is important to note that half of the subjects had a histo-
ry of ectopic pregnancies (55.2 % and 53.2 %, respectively;
p =0.4), which led to fallopian tube surgery, but the differ-
ences were not statistically significant.

Hormonal panel analysis (Table 1) showed that hormone
values were within reference values, but the control group
had statistically higher levels of follicle-stimulating hormone
(FSH) and progesterone than the assisted hatching group
(72 £ 1.9 and 6.3 £ 1.9 mlU/ml, respectively (p = 0.012);
31.2+22.1and 24.5 £ 16.3 nmol/L, respectively (p = 0.012)).
The control group also differed statistically significantly
in low Anti-Mullerian hormone (AMH) levels (3.2 + 1.5 ng/ml)
from the assisted hatching group (5.4 + 2.6 ng/ml; p <0.001)
and had a statistically significantly lower number of antral fol-
licles (6.1 + 2.4 and 8.6 + 3.9, respectively; p < 0.001), but all
women studied had adequate ovarian reserve and number
of embryos for cryopreservation.

Embryological stage and pregnancy outcomes were fur-
ther analyzed in our study and the data are presented be-
low (Table 2). Spontaneous abortions were defined as preg-
nancies that ended before 12 weeks. Term birth was defined
as birth from 37 weeks onwards.

According to the results of the embryological stage (Ta-
ble 2), the comparison groups did not differ in the number
of cryopreserved and thawed embryos and embryo qual-
ity. Optimal endometrial thickness at the time of embryo
transfer was also achieved in the study groups, but the dif-
ferences were not statistically significant.

The pregnancy rate and outcomes deserve special at-
tention: pregnancy occurred in 44.5 % of cases in the study
group with laser-assisted hatching, in the control group
- in 42.3 % of cases (p < 0.001); spontaneous abortion
rates were 13.1 % and 20.2 %, respectively (p < 0.001).
Ingroup 1,30.7 % of pregnancies ended in birth, in the con-
trol group - 22.1 %; the differences were statistically signif-
icant (p < 0.001). Therefore, preliminary assisted hatching
increased the pregnancy rate in the study group and fa-
vorably influenced the pregnancy outcome compared
to the control group.



TABLE 1

CLINICAL AND ANAMNESTIC CHARACTERISTICS IN THE STUDIED GROUPS

Indicators

Baseline FSH, mIU/ml

Baseline LH, mIU/ml

Baseline progesterone, nMol/L

Baseline AMH, ng/ml

Left ovary volume, cm?

Right ovary volume, cm?

Number of antral follicles

Note. LH - luteinizing hormone; * — p < 0.05.

TABLE 2

Group 1 (n=137)

Group 2 (n=163)

M £ SD; Me (25th; 75th percentiles)

6.3+1.9
6.3 (0.6;9.1)

6.7 £4.3;
6.1(0.9; 15.6)

245+ 16.3;
16.1 (0.1; 160)

54+2.6;
49(1.2;12.9)

83+7.3;
7.1(1.9;13.4)

11.1+7.7;
8.3(0.5; 14)

86+3.9
9.0 (5.5;12.0)

CRYOPRESERVATION PROTOCOL PARAMETERS IN THE STUDIED GROUPS

Indicators
Vitrification on the 3t day of cultivation, n (%)
Vitrification on the 4t day of cultivation, n (%)
Vitrification on the 5t day of cultivation, n (%)

Number of thawed embryos, M + SD;
Me (25th; 75t percentiles)

Thawing percentage, M + SD; Me (25t; 75t percentiles)

«Day-to-day» cryotransfer, n (%)

Completing of cryopreserved embryo growing, n (%)
Cryotransfer of 4-day old embryos (morula), n (%)
Cryotransfer of 5-day old embryos (blastocyst), n (%)
Good quality embryos (for transfer), n (%)

Fair quality embryos, n (%)

Poor quality embryos, n (%)

Endometrial thickness at the time of transfer, M + SD;
Me (25th; 75t percentiles)

Pregnancy rate, n (%)
Spontaneous abortions, n (%)

Term births, n (%)
Note. *—p<0.05.

Group 1 (n=137)
20 (14.6 %)
49 (35.8 %)
68 (49.6 %)

1.8+04;
2(1;2)

85.4+20.9;
100 (33.3; 100)

67 (48.9 %)
70 (51.1 %)
8 (5.8 %)
129 (94.2 %)
60 (43.8 %)
75 (54.7 %)
2(1.5%)

10.2+1.4;
10(8;12)

61 (44.5 %)
18 (13.1 %)

42 (30.7 %)
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72£19;
7(2.7;9.4)

59+28;
5.4(1.3;11.5)

31.2+22.7;
30.6 (0.2; 84)

3.2+15;
3.3(0.8;9.6)

74 +45;
6.7 (1.9; 16.6)

8.1t4.1;
7.6(0.7;13.8)

6.1+24
5.5(4.5;7.0)

Group 2 (n=163)
21 (129 %)
74 (45.4 %)
68 (41.7 %)

1.8+0.3;
2(1;2)

80.3 +23.1;
83.4(33.3;100)

61(37.4 %)
102 (62.6 %)
8 (4.9 %)
155 (95.1 %)
56 (34.4 %)
103 (63.2 %)
4 (2.5 %)

10.2+1.1;
10(8.3;12)

69 (42.3 %)
33(20.2 %)

36 (22.1 %)

p value

0.012*

0.4

0.012*

<0.0001*

0.1

0.1

<0.001

p value
0.7
0.2

0.4

0.4

0.5

0.2
0.2
0.7
0.9
0.2
0.4

0.5
0.3

<0.0001*
<0.0007*

<0.0001*



CONCLUSION

Despite the successful development of methods of as-
sisted reproductive technologies (ART), the issues of im-
proving the efficiency of infertility treatment remain rel-
evant. The search for new solutions leads to the introduc-
tion of new techniques into routine embryological prac-
tice. Currently, laser-assisted hatching is widely used in cry-
opreservation protocols, but the need and indications
for it are not fully studied.

In our study, preliminary laser-assisted hatching in-
creased implantation in cryopreservation protocols and fa-
vorably influenced the course of pregnancy and birthamong
patients with tuboperitoneal infertility. However, the cor-
relation between hatching and long-term outcomes such
as pregnancy course and birth requires further study.
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