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Objective

This study aimed to determine the clinical advantage of spindle-view intracytoplasmic sperm injection (SVICSI; a novel
technology) over conventional intracytoplasmic sperm injection (cICSI) in patients with poor ovarian response (POR)
and previous implantation failure.

Methods

The study included 37 patients who underwent SVICSI followed by fresh embryo transfer (FET) at a single fertility
clinic from January to December 2022, 58 patients who underwent cICSI followed by FET at the same fertility clinic
from January to December 2021 as a control group. All study participants met the Bologna criteria for POR and had at
least three or more previous failed embryo transfers.

Results

The number of blastocyst transfers was significantly higher in the SVICSI group than in the cICSI group. A good-quality
cleavage embryo rate, blastocyst rate, and good-quality blastocyst rate were also significantly higher in the SVICSI
group than in the cICSI group. There were no significant differences in the rates of fertilization, implantation, clinical
pregnancy, or clinical abortion between the two groups.

Conclusion
In patients with POR, those who underwent SVICSI appeared to have better embryos than those who underwent cICSI.
However, whether SVICSI improved clinical outcomes such as implantation and pregnancy rates cannot be proven.
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Introduction
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In 1992, the first healthy baby conceived through intracyto-
plasmic sperm injection (ICSI), a groundbreaking technique
where a single sperm is directly injected into an oocyte, was
born [1]. Since then, ICSI has become the primary treatment
for male factor infertility and is also used in cases of in vi-
tro fertilization (IVF) cycle failure. As of 2012, in the United
States, ICSI accounted for 93.3% of all assisted reproductive
technology (ART) procedures for male factor infertility and
66.9% of all procedures for nonmale factor infertility [2].
However, despite its widespread use and success, there
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are still some limitations associated with the conventional
ICSI (cICSI) procedure. When the ICSI procedure was initially
introduced in clinical practice, a sperm was injected at the 6
o'clock or 12 o'clock position relative to the first polar body
(PB) to ensure that the pipette was as far away as possible
from the meiotic spindle (MS), which was presumed to be
located just beneath the PB [3,4]. However, the MS is not
directly visible in living oocytes, and the use of a microinjec-
tion pipette during ICSI can cause physical and chemical
disruptions that may alter or damage the spindle or other
important organelles inside the mature oocyte [5-8]. The cor-
rect positioning and preservation of the MS are crucial, as
damage to the spindle during ICSI can lead to chromosomal
abnormalities during embryo development and increase the
risk of aneuploidy and subsequent implantation failure [9].

Spindle-view ICSI (SVICSI) is a recently developed technique
to overcome the limitations of cICSI and enable a more ac-
curate and effective ART procedure [10]. A polarized light
microscope (PLM) is a new approach that allows for noninva-
sive visualization of the MS in living oocytes without causing
damage [9,11]. It is expected that if the observed spindle po-
sition is first referenced using PLM and then precise pipetting
is done at the appropriate location, it can prevent spindle
damage, ultimately leading to increased rates of fertilization
and normal embryonic development.

Recent advances in the dynamic views of living cells us-
ing birefringence imaging has also allowed researchers to
investigate the relationship between oocyte morphology and
clinical outcomes. Studies have reported on the importance
of the MS for a successful outcome in ART [9,12-15]. Some
studies have even reported better fertilization rates and em-
bryo quality with SVICSI compared to clICSI [6].

The ovarian response to ovarian stimulation plays a crucial
role in the success of IVF and is a significant factor influenc-
ing prognosis. Patients with poor ovarian response (POR) ex-
hibit an inadequate response to ovarian stimulation, leading
to higher risks of cycle cancellation and difficulty in achieving
pregnancy through IVF [16]. The European Society of Hu-
man Reproduction and Embryology published the Bologna
criteria in 2011 to standardize the definition of POR. These
criteria include an advanced age, a previous poor response
during ART, a low antral follicle count (AFC), and decreased
anti-Mallerian hormone (AMH) levels [16]. Various treatment
options are available to increase clinical outcomes in patients
with POR, but the effectiveness of these treatment options
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is conflicting among studies. Existing evidence shows that
patients with POR consistently show very low pregnancy
rates, even when women undergo natural-cycle IVF or ovar-
ian stimulation using widely accepted treatment protocols
(e.g., the short agonist protocol). In addition, the introduc-
tion of new treatments such as corifollitropin alpha followed
by recombinant follicle-stimulating hormone (FSH), have not
improved the pregnancy rates [17,18].

Considering the relatively low number of oocytes obtained
after ART in patients with POR, treatment options that
improve the fertilization rate of retrieved oocytes and the
quality of fertilized embryos is important for these patients
because it can help improve ART outcomes in pregnancy.
SVICSI could be a promising alternative treatment option for
these patients. However, given that the SVICSI is a new tech-
nology, there is limited research and data on the technology.
Moreover, only few studies have examined outcomes beyond
fertilization and cleavage stages [5,6], and limited data exists
on clinical pregnancy rates and live birth rates, especially in
Korea.

Therefore, this study was conducted to compare the clinical
outcomes related to ART between patients who underwent
SVICSI or clCSI to determine the potential clinical advantage
of SVICSI over cICSI in patients with POR with previous im-
plantation failure.

Materials and methods

1. Patients

We selected patients with POR who met at least two of the
following three criteria [16,17]: 1) advanced maternal age
(40 years) or any other risk factor for POR; 2) a previous
POR (cancelled cycles or <3 oocytes retrieved with a con-
ventional protocol); and 3) an abnormal ovarian reserve test
(AFC <7 follicles or AMH level <1.1 ng/mL). Two episodes of
POR after maximal stimulation are also sufficient to define a
patient as poor responder in the absence of advanced mater-
nal age or an abnormal ovarian reserve test. Among patients
with POR, those who had at least three episodes of previous
failed embryo transfer (implantation failure) were included
in this study. This retrospective study was approved by the
Institutional Review Board of a fertility hospital (HR-2023-46-
02), which waived the obligation to provide informed patient
consent for the study.
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Participants who underwent SVICSI for the first time and
had fresh embryo transfers (FETs) between January and De-
cember 2022 were included in the SVICSI group. The cICSI
group included patients who met the same criteria and
underwent cICSI followed by FETs between January and De-
cember 2021. In both the groups, patients who underwent
all embryo cryopreservation after oocyte retrieval were ex-
cluded from the study. A total of 37 patients in the SVICSI
group and 58 patients in the cICSI group were included in
the study.

Oocyte retrieval was conducted in two ways: either natu-
rally or following controlled ovarian hyperstimulation. Hy-
perstimulation was achieved using recombinant FSH such as
Gonal-F® (Serono, Istanbul, Turkey), Follitrope® (LG Life Sci-
ence, Seoul, Korea) or Menotrophin (IVF-M HP®, LG Life Sci-
ence). The stimulation protocols encompassed either a long
protocol involving a gonadotropin-releasing hormone (GnRH)
agonist or a short protocol utilizing a GnRH antagonist [19].
When the cohort of ovarian follicles reached maturity, final
oocyte maturation was triggered using recombinant human
chorionic gonadotropin (Ovidrel®, Merck KGaA, Darmstadt,
Germany) or GnRH agonist (Decapeptyl®, Ferring, Malmo,
Sweden). In order to increase the fertilization rate of all the
retrieved oocytes, only ICSI was used as the IVF method for
oocytes collection from all the participants.

Basal serum AMH levels were measured using the AMH
Gen Il assay (Beckman Coulter Inc., Brea, CA, USA), and

basal serum FSH levels were measured using an Elecsys FSH
assay (Roche Diagnostics Corp., Indianapolis, IN, USA). In
compliance with the Declaration of Helsinki guidelines, blood
samples were obtained from all the patients. The serum AMH
levels showed intra- and inter-assay coefficients of variation
of <5.0%.

2. Procedures

In SVICSI, PB-aligned oocytes were transferred into 6 plL of
warm ICSI media (MRC#ICSI, MARIA Research Center, Seoul,
Korea) during microinjection. A sperm cell was placed in a
4 uL polyvinylpyrrolidone solution (SAGE BioPharma, Trum-
ball, CT, USA) in the center of a glass-bottom dish (Matsu-
nami, Osaka, Japan) immediately before sperm injection; and
oocytes were placed under an inverted microscope (IX73,
Olympus, Tokyo, Japan) with a heated stage at 37.0°C+0.5°C
and observed at 400x magnification. Oocytes were imaged
using an Olympus IX73 (Olympus) inverted PLM in combina-
tion with a IX73-ICSI components computerized image analy-
sis system. For SVICSI, a sterile, disposable glass-bottom dish
during spindle localization and microinjection were required
for the IX73-ICSI components were used. For enhanced visu-
alization of the spindle and the PB, the oocytes were rotated
by using a holding and injection pipette. Additionally, the
maximum portion of the spindle-shaped area within the oo-
cyte was captured. After imaging, ICSI was conducted with
the spindle in the 0 o’clock position. Following microinjection

-

Fig. 1. Spindles in living human metaphase Il oocytes imaged by using the inverted method according to the angles of deviation with re-
gard to the position of the polar body. (A) 0 o’clock, (B) 1 o'clock, (C) 2 o’clock, (D) 3 o'clock, (E) 4 o'clock, (F) 5 o'clock, (G) 6 o'clock, and
(H) spindle invisible. PB, polar body.
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Fig. 2. Meiotic spindle distribution according to the angles of deviation based on the position of the polar body. A, 0 o'clock; B, 1 o'clock; C,
2 o'clock; D, 3 o'clock; E, 4 o'clock; F, 5 o'clock; G, 6 o'clock; and H, spindle invisible.

and imaging, oocytes from both the groups were transferred
to individually equilibrated 1 mL culture media (MRC#ID16,
MARIA Research Center) in a sterile plastic dish in an incuba-
tor supplied with 5% CO, at 37°C. If the spindle was not
visible in the oocyte, ICSI needle was inserted at the 3 o'clock
position with the PB in the 0 o'clock position.

Fig. 1 shows the living human metaphase Il oocytes im-
aged by using the inverted PLM according to the angles of
deviation of the MS with regard to the position of the PB. In
Fig. 1, the MS was located between 0 o’clock and 6 o'clock
relative to the PB in metaphase Il oocytes. Fig. 2 illustrates
the distribution of MS positions according to angles of devia-
tion with regard to the position of the PB, and it shows that
the proportion of MSs located at 0 o'clock was the highest
at 35.1% (65/185).

In cICSI, mature oocytes (defined by the presence of the
first PB) were injected 4-6 hours after egg retrieval, with the
first PB either at the 0 o'clock or 6 o'clock position. At the 3
o'clock position, the ICSI needle was inserted. One sperma-
tozoon was then aspirated into the cytoplasm, drawn back
into the pipette, and ultimately expelled back into the oo-
Cyte.

3. Measures of ART-related clinical outcomes
The rates of fertilization, cleavage, good-quality cleavage
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embryos, blastocysts, good-quality blastocysts, implantation,
clinical pregnancy, and clinical abortion were compared be-
tween the two groups. The fertilization rate was calculated
as the percentage transformation of microinjected oocytes
into two pronuclei. The cleavage rate was defined as the
total number of day 3 embryos divided by the total number
of fertilized oocytes. A good-quality cleavage embryo was
defined as an embryo with more than five regular blasto-
meres with less than 10% fragmentation on day 3. A good-
quality cleavage embryo rate was defined as the number of
good-quality cleavage embryos on day 3 divided by the total
number of fertilized oocytes. The blastocyst rate was defined
as the number of embryos that reached the blastocyst stage
divided by the total number of fertilized oocytes. A good-
quality blastocyst was defined as a blastocyst with an expan-
sion grade >3 and both inner cell mass and trophectoderm
grade A or B on day 5 or 6 according to the Gardner and
Schoolcraft grading system [20] grading system. A good-
quality blastocyst rate was defined as the number of good-
quality blastocysts divided by the total number of fertilized
oocytes.

To calculate the implantation rate, the number of gesta-
tional sacs confirmed through transvaginal ultrasonography
were divided by the number of embryos that were trans-
ferred. A clinical pregnancy was considered confirmed when

307



Obstetrics & Gynecology Science
Vol. 67, No. 3, 2024

a gestational sac was visible during transvaginal ultrasound
examination. The clinical pregnancy rate was calculated by
dividing the total number of cases where at least one ges-
tational sac was evident by the overall number of transfer
cycles. The clinical abortion rate was determined by dividing
the total number of clinical pregnancy losses, including ecto-
pic pregnancies occurring before the 20th week of gestation,
by the overall number of clinical pregnancies [19].

4. Statistical analyses

Data are expressed as meansstandard deviation. Statistical
analyses were performed using IBM SPSS Statistics version
25.0 (IBM Corp., Armonk, NY, USA). An unpaired t-test was
used to compare the means of variables between the SVICSI

group and the cICSI group, and a chi-square test or Fisher's
exact test was used to compare the frequencies of the cat-
egorical variables between the two groups. P-values <0.05
were considered significant for all analyses.

Results

Comparisons of the clinical parameters were compared be-
tween the SVICSI group and the cICSI group are shown in
Table 1. The percentage of blastocyst transfer was higher
in the SVICSI than in the cICSI group (35.1% vs. 8.6%;
P=0.001). The number of previous failed embryo transfers
was significantly higher in the SVICSI than in the cICSI group

Table 1. Comparison of clinical parameters between the spindle-view intracytoplasmic sperm injection group and the conventional intra-

cytoplasmic sperm injection group

SVICSI (n=37) cICSI (n=58) P-value

Age (yr) 35.68+3.90 36.11%3.97 0.127%
Parity 0.08+0.28 0.09+0.28 0.931?
Body mass index (kg/m?) 22.80+2.86 22.66+3.67 0.836”
Basal AMH levels (ng/mL) 0.90+0.74 0.86+0.94 0.833?
Basal FSH levels (mIU/mL) 13.17+£9.14 15.02+9.08 0.351?
Other infertility factors

Tubal factor 3/37 (8.1) 5/58 (8.6) 1.000”

Stage IV endometriosis 5/37 (13.5) 8/58 (13.8) 1.000”

Male factor 2/37 (5.4) 1/58 (1.7) 0.558”
Number of previous failed embryo transfers 6.89+3.22 5.33+2.47 0.009?
Total gonadotropin dosage 2,789.19+1,277.43 2,617.93+1,206.76 0.511?
Endometrial thickness on the trigger day (mm) 8.78+1.69 8.38+1.41 0.228”
Retrieved oocytes 6.81+5.18 6.66+6.08 0.898”
Transferred embryos 1.76+0.68 1.90+0.79 03777
Superovulation methods 1.000”

Natural 2/37 (5.4) 3/58 (5.2)

Controlled ovarian hyperstimulation 35/37 (94.6) 55/58 (94.8)
Premature LH surge prevention 0.413?

GnRH agonist 11/37 (29.7) 22/58 (37.9)

GnRH antagonist 26/37 (70.3) 22/58 (62.1)
Percentage of blastocyst transfer 13/37 (35.1) 5/58 (8.6) 0.001¢

Values are presented as meanzstandard deviation or number (%).
SVICSI, spindle-view intracytoplasmic sperm injection; cICSI, conventional intracytoplasmic sperm injection; AMH, anti-Mdllerian hormone;
FSH, follicle-stimulating hormone; LH, luteinizing hormone; GnRH, gonadotropin-releasing hormone.

Value by unpaired t-test.
®Walue by Fishers’ exact test.
NValue by chi-square test.
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Table 2. Comparison of laboratory and clinical outcomes between the spindle-view intracytoplasmic sperm injection group and the con-

ventional intracytoplasmic sperm injection group

SVICSI clcsl P-value
Fertilization rate 140/185 (75.7 209/266 (78.6) 0.470°
Cleavage rate 137/140 (97.9 208/209 (99.5) 0.306”
Good-quality cleavage embryo rate 96/140 (68.6 113/209 (54.1) 0.007%
Blastocyst rate 51/140 (36.4 34/209 (16.3) <0.001?
Good-quality blastocyst rate 30/ 140 (21.4 9/209 (4.3) <0.001?
Implantation rate 7/66 (10.6 9/110 (8.2) 0.588?
Clinical pregnancy rate 7/37 (18.9 8/58 (13.8) 0.504?
Clinical abortion rate /7 (42.9 2/8 (25.0) 0.608”

Values are presented as number (%).

SVICSI, spindle-view intracytoplasmic sperm injection; cICSI, conventional intracytoplasmic sperm injection.

Value by chi-square test.
"Value by Fishers’ exact test.

(6.89+3.22 vs. 5.33+2.47; P=0.009). The other variables
were not significantly different between the two groups.

Comparisons of the laboratory and clinical outcomes are
shown in Table 2. The good-quality cleavage embryo rate
was significantly higher in the SVICSI than in the cICSI group
(68.6% and 54.1%, respectively; P=0.007). The blastocyst
rate (36.4% and 16.3%, respectively; P<0.001) and the
good-quality blastocyst rate (21.4% and 4.3%, respectively;
P<0.001) were also significantly higher in the SVICSI than
in the cICSI group. However, there were no significant dif-
ferences in the fertilization rate, cleavage rate, implantation
rate, clinical pregnancy rate, or clinical abortion rate between
the two groups. The clinical pregnancy rate seemed to be
higher in the SVICSI group than in the cICSI group, but the
difference was not statistically significant (18.9% vs. 13.8%,
P=0.504).

Discussion

An increase in maternal age at first pregnancy has led to an
age-related decline in fertility, resulting in a higher demand
for and frequency of IVF procedures [21]. Therefore, markers
that can predict the developmental potential of oocytes has
become one of the most extensively researched and crucial
aspects in ART [22]. In particular, efforts are made to improve
embryo quality and increase pregnancy rates in women of
advanced maternal age with POR [23]. The morphology of
oocytes is used to assess oocyte quality [8,24]. Oocyte mor-
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phology can be evaluated using noninvasive PLM, based on
which MS can be classified as normal or abnormal [25]. MS
normality is significant for predicting the potential of a spe-
cific oocyte to result in a successful pregnancy. Several stud-
ies have established that a higher rate of normal MS within
the oocytes is associated with better fertilization rates and
embryo development [9,26,27]. Although the reasons for
limited embryo development in oocytes with abnormal MS
are not yet fully understood, Wang et al. [9] argued that one
of the contributing factors could be an increased risk of dam-
age to the MS during ICSI due to inaccuracies in predicting
spindle positions (with the PB). If MS normality indeed affects
the outcomes of IVF procedures, it is crucial to prevent any
potential damage to the MS during the procedure. Based on
this theory, a novel ICSI technique called SVICSI has emerged.
SVICSI aims to minimize the risk of damaging the MS during
injection by referencing the observed spindle’s position for
precise pipette insertion. The expectation is that by avoiding
potential MS damage during pipette insertion, SVICSI could
lead to higher fertilization rates and normal embryo develop-
ment rates.

Our study aimed to compare the outcomes of SVICSI and
clCSlin patients with POR with previous implantation failure.
The results of our study showed that a good-quality cleavage
embryo rate (68.6% vs. 54.1%), the blastocyst rate (36.4%
vs. 16.3%), and the good-quality blastocyst rate (21.4%
vs. 4.3%) were significantly higher in the SVICSI than in the
clCSI group. However, despite significantly better quality of
embryos generated during ART in the SVICSI group (com-
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pared with the cICSI group), there were no statistically sig-
nificant differences observed in the implantation and clinical
pregnancy rates between the two groups. Considering that
better embryo quality and the higher blastocyst rate are ex-
pected to lead to higher implantation rates and clinical preg-
nancy rates in general, these findings are hard to explain.
Several possible factors could underlie these findings. First,
SVICSI was conducted in a sample size of 37 patients and
clCSIin 58 patients, which made it difficult to reach a suf-
ficient sample size to verify our findings. Further, the patients
who underwent SVICSI had a significantly higher number of
previous failed embryo transfers (with a mean of 6.89+3.22)
compared to the patients who underwent cICSI (with a mean
of 5.33+2.47 failed embryo transfers). This retrospective
study was conducted on patients admitted at a single fertility
hospital. At this fertility hospital, the introduction and appli-
cation of SVICSI was started in 2022. The control cICSI group
comprised of patients who underwent the procedure in
2021. Thus, it appears that participants in the SVICSI group
may have experienced more implantation failures than those
in the cICSI group, which may have negatively affected the
implantation and pregnancy outcomes in the SVICSI group.
As mentioned above, the application of SVICSI was limited to
patients with POR who previously hadfailed embryo transfers
due to the additional time, labor, and cost incurred for per-
forming this procedure in this hospital. Therefore, the control
group was naturally selected from among patients with the
same criteria who underwent cICSIin 2021 when SVICSI had
not yet been introduced.

All the study patients met the Bologna criteria for POR.
However, by selecting a different protocol to obtain more
oocytes from patients and applying superovulation using a
higher or maximum dose of gonadotropins, a relatively large
number of eggs were obtained compared to previous at-
tempts (6.81£5.18 in SVICSI group and 6.66+6.08 in cICSI
group, respectively).

Asa et al. [6] compared fertilization rates and embryo cleav-
age rates between a control group and a spindle-aligned
group with oocytes randomly assigned to both groups. In
this study, the spindles were aligned in the 6 o'clock and 12
o'clock directions in the spindle-aligned group. The results
showed that the spindle-aligned group had higher fertiliza-
tion and embryo development rates than the control group.
Another study by Woodward et al. [5] evaluated spindle
imaging before ICSI procedures and blindly assessed spindle
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positions for the impact of the spindle positions on oocyte
quality and embryo development, and concluded that the
spindle position did not influence oocyte quality or embryo
development. The highest rates of successful fertilization
and good-quality embryos were observed when the spindles
were located at or near the 3, 4, 8, and 9 o’clock positions.
Thus, even when the injection was given in close proximity to
the MS, it did not affect the fertilization rate or early embryo
development. However, the previous studies showed that
normal fertilization was more frequently observed in oocytes
where MS was present. Studies have focused only on embryo
quality and development stages, but not on other clinical
outcomes such as implantation rates and clinical pregnancy
rates, which are crucial for assessing the ultimate success of
IVF procedures.

There is a lack of research comparing the critical clinical
ART outcomes such as pregnancy rates and conception rates,
between SVICSI and cICSI procedures. Oh et al. [28] re-
ported that patients who underwent SVICSI had significantly
higher clinical pregnancy rates than those who underwent
clCSI among patients over 40 years old (21.1% vs. 6.7%);
P<0.001). These findings are contradictory to our study find-
ings. The fertilization rate in SVICSI and cICSI procedures
(66.7% vs. 61.9%) and good-quality embryo rate (59.2%
vs. 56.0%) were not significantly higher in their study, which
is also contrary to our study findings. One significant point
in the study by Oh et al. [28] was that in patients aged over
40 years, the position of the MS was more than 30 degrees
different compared to that of the PB. In other words, the MS
showed a higher degree of misalignment (>30°) in patients
over 40 years old. This suggests that directly confirming the
position of the MS with PLM and conducting SVICSI could
be advantageous and SVICSI could become more beneficial
with increasing maternal age at first pregnancy. On the other
hand, for patients aged under 40 years, there was no differ-
ence in the embryo quality, fertilization rate, or pregnancy
rate between the two ICSI methods. It is important to note
that in the study by Oh et al. [28], unlike our present study,
they did not specifically target patients with three or more
episodes of failed embryo transfer.

Mahfoudh et al. [29] conducted a study to analyze the
clinical pregnancy rate as a function of the pre-ICSI oocyte
spindle angle. They stated that embryos resulting from oo-
cytes with pre-ICSI spindle angles between 0° and 29° were
associated with better blastocyst rate, pregnancy rate, live
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birth rate, and miscarriage rate when compared to oocytes
that had no visible spindle. That study also showed that MS
of oocytes located between 0° and 29°, in relation to the
first PB, is a positive predictor for blastocyst development.
These findings are partially consistent with that reported by
Oh et al. [28] which showed better clinical outcomes when
SVICSI was performed in patients aged over 40 years due to
a higher degree of MS misalignment (>30°) in patients aged
over 40 years. However, as already mentioned, our study was
a retrospective study conducted on patients at a single fertil-
ity clinic, and at this institution, embryo transfers were per-
formed without distinguishing each embryo according to the
angle difference between PB and MS or based on visibility of
MS, so we could not conduct a subgroup analysis for analyz-
ing the impact of these factors on the clinical outcomes.

This study has several strengths. First, although there are
numerous studies on the relationship among oocyte mor-
phology, fertilization rates, and embryo quality, there is very
little research on the impact of SVICSI (a novel technique
based on this theory) on the ultimate ART-related outcomes,
such as implantation and pregnancy rates. In this study, we
focused not only on the morphology of oocytes but also on
the utility of SVICSI technology on the ultimate outcomes of
ART, and we compared not only the fertilization rates and
embryo quality but also the overall pregnancy rate.

Several limitations ofthis study need to be acknowledged.
First, this was a retrospective study and potential confound-
ing bias could be present. Second, the participants in our
study were limited to women who met the criteria for POR
and had three or more failed embryo transfers. Therefore,
it may be challenging to directly apply our study results to
other general patient populations undergoing ART. Third,
this study focused on patients with POR, and did not catego-
rize the patients by age or conduct a subgroup analysis. Fur-
thermore, we did not compare the clinical outcomes based
on the orientation of the PB and the visibility of the MS in
the present study. Several studies have analyzed differences
in clinical outcomes depending on the visibility of MS [1,29].
However, a subgroup analysis could not be performed in our
patient cohort because transfers were performed without
distinguishing embryos based on the visibility of MS. In par-
ticular, in cases where MS was not visible in the oocytes, IVF
of these oocytes was performed similar to the cICSI method,
which could have affected our results.

In conclusion, this study showed that compared to cICSl,
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the novel SVICSI technology is likely to be related to better
embryo quality during ART. However, in our study, no signifi-
cant differences were found in terms of the fertilization rate,
cleavage rate, implantation rate, clinical pregnancy rate and
clinical abortion rate between the two procedures. Further
research in a larger patient population and for a longer du-
ration is needed to clarify the impact of SVICSI not only on
embryo quality and stage but also on implantation and preg-
nancy rates.
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