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Pre-implantation genetic diagnosis—should we use ICSI for all?
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Abstract
Objective Intracytoplasmic sperm injection (ICSI) is com-
monly used during pre-implantation genetic diagnosis
(PGD) in vitro fertilization (IVF), aiming to eliminate the risk
of contamination from extraneous sperm DNA. Recently,
ICSI Boveruse^ in non-male infertility has been doubted, since
it does not offer an advantage over IVF. Prompted by the
aforementioned observations, we sought to assess the accura-
cy of IVF vs ICSI in PGD cases, as might be reflected by a
difference in the prevalence of discarded embryos as a conse-
quent of parental contamination.
Methods Cohort-historical study of all consecutive patients
admitted to the IVF-PGD program in a large tertiary center.
The percentages of complete, incomplete diagnosis, PCR
failure, abnormal embryos, and the contamination rate with
paternal DNA in the IVF-only and the ICSI-only groups.
We reviewed the computerized files of all consecutive
women admitted to our IVF for a PGD-PCR cycle.
Patients were divided accordingly into three groups: an
IVF group—where all the oocytes underwent IVF only,
an ICSI group—where all oocytes underwent ICSI, and a
mixed group—where sibling oocytes underwent both IVF

and ICSI. The laboratory data and the genetic diagnostic
results were collected and compared between the different
insemination groups.
Results Nine-hundred and twenty-seven patients underwent
IVF-PGD cycles in our program, 315 in the IVF group,
565 in the ICSI group, and 47 in the mixed group. No
differences were observed in fertilization rates, the percent-
age of embryos available for biopsy, and the percentages of
complete, incomplete diagnosis, PCR failure, or abnormal
embryos, between the IVF-only and the ICSI-only groups
and between the IVF and the ICSI of sibling oocytes in the
mixed group. Moreover, contamination with paternal
DNA, through contamination with sperm cells, was negli-
gible. Not one single case of misdiagnosis was encountered
during the study period.
Conclusion It might be therefore concluded that IVF should
be the preferred insemination methods in PGD cycles, and
ICSI should be indicated only in cases of male-factor
infertility.
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Introduction

Pre-implantation genetic diagnosis (PGD) allows patients
who are carriers of single-gene disorders or carriers of struc-
tural chromosome abnormalities to select unaffected embryos
for transfer, and reduce the transmission of genetic disorders
to the offspring.

With the current advent of new cytogenetic techniques, the
procedures employed for PGD are rapidly evolving with the
consequent improve in their utilization. Moreover, PGD,
based on single embryonic cell testing, has already been ap-
plied in a wide range of genetic diseases and chromosomal
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aberrations. PGD-polymerase chain reaction (PCR) protocols
are most frequently used to amplify the small DNA content
achieved from the blastomere biopsy, with the consequent
high risk of contamination.

It was therefore suggested that denuding the oocyte of cu-
mulus cells followed by intracytoplasmic sperm injection
(ICSI) instead of insemination/in vitro fertilization (IVF)
might significantly reduce the risk of contamination from ex-
traneous sperm attached to the zona pellucida or non-
decondensed sperm within blastomeres or cumulus cell [1, 2].

According to the ESHRE PGD Consortium data collection
XIII on PGD cycles for monogenic diseases, ICSI was used in
the majority of cycles [99% of cycles to oocyte retrieval
(OR)], with day 3 cleavage-stage embryo biopsy most fre-
quently used (93% of cycles to PGD), and PCR was still the
most widely used first-line method of DNA amplification
(90% of cycles to PGD) [3].

Intracytoplasmic sperm injection was developed for the
treatment of couples with severe male-factor infertility to en-
sure high fertilization and pregnancy rates regardless of semen
characteristics. Since its introduction [4], ICSI has gained tre-
mendous popularity in assisted reproductive technology
(ART) units throughout the world and has become a routine
procedure in many of them. However, its Boveruse^ in non-
male infertility has been recently doubted [5], since it does not
offer an advantage over IVF [6, 7] nor improves clinical out-
comes [8].

In our PGD program, we have experienced three different
periods. At the beginning, we used solely ICSI for all PGD
oocytes; later, we used ICSI only in male-factor infertility, and
during the last 2 years, in patients with unexplained infertility
undergoing their first IVF-PGD attempt, we offer the use of
IVF and are subjecting some sibling oocytes to ICSI, in order
to avoid total fertilization failure.

Prompted by the aforementioned observations, we sought
to assess the accuracy of IVF vs ICSI in PGD cases, as might
be reflected by a difference in the prevalence of discarded
embryos as a consequent of parental contamination.

Patients and methods

Patients

We reviewed the computerized files of all consecutive patients
admitted to our IVF-PGD program from January 2006 to
December 2014. Only patients undergoing PGD for the pre-
vention of single-gene disorders, based on multiplex PCR
programs designed for haplotyping using informative micro-
satellite markers, were included. The elimination of bias in
this selection, for the purposes of this study, was achieved
by including only patients who reached the ovum pickup

(OPU) stage and had at least one oocyte available for
fertilization.

All the usual indications for IVF/ICSI and accepted proto-
cols for controlled ovarian hyperstimulations (COHs) de-
scribed in [9] were included. The selection of type of COH
protocol used was the decision of the treating physician and
largely dependent on the fashion at the time. In all protocols,
gonadotropins were administered in variable doses, depend-
ing on patient age and/or ovarian responsiveness in previous
cycles, and further adjusted according to serum E2 levels and
vaginal ultrasound measurements of follicular diameter ob-
tained every 2 or 3 days. The criteria for hCG administration
were at least three follicles with the diameter of 18 mm with
appropriate peripheral E2 levels. Oocytes were retrieved 36 h
after hCG administration.

Laboratory procedure

On the day of oocyte retrieval, semen samples were obtained
bymasturbation, collected in sterile tubes, and delivered to the
IVF laboratory within 60 min.

Sperm parameters were evaluated according to the World
Health Organization (WHO) criteria [10]. The semen process-
ing was carried by commercially available density gradients
(80/40, SAGE, USA), followed by centrifugation at 800×g for
20 min. The gradient was removed, keeping the pellet undis-
turbed. The pellet was washed once for ICSI or twice for
insemination f (800×g, 5 min) in 1 ml of pre-warmed gamete
medium (COOK Medical, USA), and the final pellet was
overlaid with 100–300 μl of the Gamete medium, followed
by incubation at room temperature for 30 min. The superna-
tant was then removed and assessed for sperm concentration.

The morning after IVF/ICSI fertilization, oocytes were
washed twice and transferred into 6-day growth media (1-
STEP SAGE USA/GLOBAL TOTAL, LIFE GLOBAL
USA), followed by assessing fertilization using ×200 inverted
microscope. The zygotes were then cultured and reevaluated
on days 2 and 3 for embryo development.

On day 3, embryos underwent blastomere biopsy using
a micromanipulation system (Narashige, Japan) fitted on
an inverted microscope (Diaphot 300, Nikon, Japan). A
laser system (ZILOS-tk, Hamilton Thorne) was used for
dissection of the zona pellucida prior to biopsy. A single
blastomere was removed from each embryo and evaluated
under ×400 inverted microscope for its integrity, presence
of a nucleus, and being free from other cells\debris. Each
blastomere was routinely washed in three drops of clean
biopsy medium, prior to its transfer to the PCR tube,
ensuring a pure sample. Moreover, a sample from the last
drop of the washing medium was also collected in a dif-
ferent PCR tube and transferred for molecular analysis as
control to detect possible contamination.
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IVF vs ICSI

From January 2006 to October 2009, ICSI was used exclu-
sively for all PGD patients. Since November 2009, fertiliza-
tion was achieved by IVF or ICSI, regardless of the use of
PGD, and according to clinical indications (i.e., ICSI for male
factor infertility and IVF in cases of unexplained infertility). In
the last few years, we offered patients with unexplained infer-
tility undergoing their first IVF-PGD attempt to use IVF but to
subject some of the sibling oocytes to ICSI, in order to avoid
total fertilization failure.

PGD cycles were stratified accordingly into three groups:
an IVF group—in which all the oocytes underwent IVF only,
an ICSI group—in which all oocytes underwent ICSI, and a
mixed group—in which sibling oocytes underwent both IVF
and ICSI.

Molecular diagnosis

Establishing haplotyping was a necessary step in the prepara-
tion for PGD. Several informative microsatellite markers were
selected for each patient in preparation for PGD. At least two
informative polymorphic short tandem repeats (STRs) were
linked for each family on either side of the mutant allele.
Primers suitable for multiplex PCR were carefully designed
for each marker, and the diagnostic protocol was examined
using DNA samples of appropriate family members who were
carriers or non-carriers of the specific familial mutant allele.
Each case was pre-validated in a model specifically designed
for each family. Validation was achieved by employment of
genomic DNA samples for haplotyping and highly diluted
DNA samples for pre-PGD validation, mimicking single-cell
molecular testing.

Maternal and paternal DNA samples were always included
in each case; therefore, these informative markers could dif-
ferentiate between maternal and paternal contribution of al-
leles to all normal or abnormal embryos. The genetic consti-
tution of each normal embryo is made-up from one maternal
and one paternal allele. An embryo with unequal parental
contribution is easily detectable while the origin of the extra
allele is straightforwardly diagnosed by the pre-validated
markers. Using multiple informative markers in all cases al-
lows us to diagnose all embryos with uniparental disomy or
aneuploidy.

Embryos were usually biopsied for PGD on the morning of
day 3 post-fertilization, and the blastomeres were shipped to
the molecular laboratory for analysis. The pre-IVF molecular
diagnostic protocol was applied as designed for each patient
and results were mailed to the IVF laboratory director, usually
8 to 24 h following the time of biopsy.

Molecular diagnoses of each embryo are classified as
follows:

Complete diagnosis—unaffected or affected embryo ac-
cording to the genetic disorder examined
Incomplete diagnosis—suspected allele dropout (ADO)
or recombination
PCR failure—no DNA is available for diagnosis
Abnormal—the embryo has abnormal assembly of al-
leles—i.e., any structure different from one maternal
and one paternal alleles matching the known haplotype,
e.g., trisomy, monosomy, or uniparental disomy (UPD).

The molecular diagnosis of each embryo was grouped ac-
cording to its specific method of insemination.

Statistics

Differences in variables between the different insemination
groups were statistically analyzed with chi-squared test as
appropriate. A p value of <0.05 was considered significant.

IRB approval

The study was approved by the IRB of the Sheba Medical
Center ethical committee (IRB approval no. 9918).

Results

Three-hundred and forty-five patients underwent 1127 cycles
in our PGD program between January 2006 and December
2014. Nine-hundred and twenty-seven cycles matched the in-
clusion criteria and were included in the study, 315 cycles in
the IVF group, 565 in the ICSI group, and 47 in the mixed
IVF-ICSI group. The laboratory/embryological data are pre-
sented in Table 1. No significant differences were observed
between the groups in fertilization rates and the percentage of
embryos available for biopsy. The molecular results are pre-
sented in Table 2. No significant differences were observed in
the percentages of complete, incomplete diagnosis, PCR fail-
ure, or abnormal embryos, between the IVF-only and the
ICSI-only groups and between the IVF and the ICSI of sibling
oocytes in the mixed group.

While we carefully examined the relative parental contri-
bution of the 514 embryos diagnosed as Babnormal,^ i.e.,
trisomy and UPD cases, we found that the relative parental
contributions were not different between the IVF and ICSI
groups [58/196 (29.6%) and 99/318 (31.1%), in IVF and
ICSI groups, respectively; p = 0.71]. Of notice, in order to
demonstrate a difference of 5% in the percentage of paternal
contribution to abnormal embryos at a power of 80% and an
alpha value of 5%, 114 samples are needed in each group.

Moreover, we could not find any significant difference in
contamination rates of the washing medium samples, between
the IVF and ICSI study groups. Contamination with paternal
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DNA, through contamination with sperm cells, was negligi-
ble. Paternal alleles were detected in very few cases of the
washing medium samples; the contamination in both IVF
and ICSI study groups were 17/2002 (0.8%) and 22/3091
(0.7%), respectively.

Four-hundred and sixty-three ICSI and 286 IVF cycles
have reached embryo transfer during the study period. Eight-
hundred and fifty-seven ICSI and 479 IVF unaffected embry-
os were transferred, resulting in 28.0 and 27.2% pregnancy
rates per transfer, respectively. Eighty-eight ICSI and 56 IVF
newborns were tested pre- or post-natally. No single case of
misdiagnosis was observed during the study period.

Discussion

In the present study of patients undergoing IVF treatment
cycle, utilizing PGD, based on multiplex PCR programs de-
signed for haplotyping using informative microsatellite
markers, the use of IVF yields comparable results to ICSI, in
terms of the embryological, genetic/molecular diagnostic out-
comes and contamination rate. Not one single case of misdi-
agnosis was encountered during the study period.

Single-cell molecular analysis confronts major technical
problems stemming from the minute initial amount of
DNA and the many PCR cycles required for diagnosis.

Amplification failure (AF), ADO, and unrelated DNA con-
tamination are the most challenging. However, reports already
exist in relation to the credibility and precision of these diag-
nostic methods [11].

Our overall performance and the outcome of IVF and ICSI
cycles were comparable to the ESHRE consortium data col-
lection XIII [3] (Table 1).The fertilization rates (69.6, 58.8,
62.9, and 61.4%) and percentages of embryos undergoing
biopsy per fertilized oocyte (84.2, 86.3, 85.1, and 75.5%)were
comparable between oocytes undergoing IVF, ICSI, all oo-
cytes, and the ESHRE data, respectively.

Of the embryos undergoing biopsy, overall, 71.8% were
designated to have a complete diagnosis—unaffected or af-
fected embryo according to the genetic disorder examined,
72.9% in the IVF-only and 70.8% in the ICSI-only groups.
Moreover, of the biopsied embryos, the percentages of
unaffected/transferable embryos were 37.3% overall, 38.9%
in the IVF-only, and 36.2% in the ICSI-only groups, figures
that are in line with the ESHRE data [3], reporting that 33.5%
of diagnosed embryos were genetically transferable.

Our observations report on similar results when using IVF
or ICSI in case of non-male factor infertility undergoing PGD-
PCR protocols, abrogating previous prejudice that ICSI is
mandatory in such cases to avoid the risk of contamination
from extraneous sperm attached to the zona pellucida or non-
decondensed sperm within blastomeres or cumulus cell [1, 2].

Table 1 The laboratory data and the molecular/genetic diagnostic results in the different study groups

IVF-only group ICSI-only group Mixed group Total ESHRE consortium data
collection XIII (2015)

IVF ICSI

No. of cycles 315 565 47 47 927 14,968

No. of oocytes retrieved 3,136 5,739 304 322 9,501 200,404

No. of fertilized oocytes (%) 2,184 (69.6%) 3,379 (58.8%) 195 (64.1%) 225 (69.8%) 5,983 (62.9%) 123,022 (61.4%)

No. of embryos Bx (percent
of fertilized oocytes)

1,839 (84.2%) 2,918 (86.3%) 163 (83.6%) 173 (76.9%) 5,093 (85.1%) 91,710 (75.5%)

Tested embryos

Complete (%) 1,314 (72.9%) 2,066 (70.8%) 125 (76.7%) 124 (71.7%) 3,656 (71.8%)

Unaffected 717 (38.9%) 1,056 (36.2%) 68 (41.7%) 61 (35.2%) 1,902 (37.3%) 30,699

Incomplete (%) 86 (4.7%) 161 (5.5%) 5 (3.1%) 7 (4.0%) 259 (5.1%)

PCR failure (%) 233 (12.7%) 390 (13.4%) 16 (9.8%) 25 (14.4%) 664 (13.0%)

Abnormal (%) 179 (9.7%) 301 (10.3%) 17 (10.4%) 17 (9.8%) 514 (10.1%)

P value (IVF vs ICSI) 0.38 0.56

Complete—affected or unaffected, incomplete—suspected ADO or recombination, PCR failure—no embryonal DNA is available for PCR, abnormal—
the embryo has abnormal assembly of alleles—i.e., any configuration of alleles different from onematernal and one paternal alleles, unaffected—healthy
transferable embryos

Table 2 Paternal contribution of
alleles to embryos with
aneuploidy and uniparental
disomy in IVF vs ICSI cases

Abnormal Non-paternal contribution Paternal contribution p value

IVF (no. of embryos) 196 138 (70.4%) 58 (29.6%) 0.71

ICSI (no. of embryos) 318 219 (69.9%) 99 (31.1%)
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We found that the relative paternal or maternal contributions
to all abnormal embryos, i.e., aneuploidy and UPD cases,
were not different between the IVF and ICSI groups.
Moreover, contamination with paternal DNA, through con-
tamination with sperm cells, was negligible.

Conclusion

It might be therefore concluded, that in PGD cycles, IVF
should be the preferred inseminationmethods and ICSI should
be reserved only for cases of male-factor infertility.
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