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KEY MESSAGE
The use of PGT-A does not appear to contribute independently to the chance of live birth per transfer in 
couples with severe male factor infertility (SMFI) in the absence of advanced female age. Blastocysts which 
after grading are deemed transferable have a good chance of giving rise to live births in SFMI cases.

ABSTRACT
Research question: Does the use of preimplantation genetic testing for aneuploidies (PGT-A) improve outcomes in 
couples with severe male factor infertility (SMFI)?

Design: This retrospective cohort study included SMFI cases that underwent blastocyst transfer with/without 
PGT-A. Inclusion criteria were SMFI (azoospermia and sperm count <1 million/ml), women aged 25–39 years, single 
vitrified–warmed blastocyst transfer, and no intracavitary pathologies. Patients were divided into PGT-A and non-
PGT-A groups. The primary outcome was live birth rate (live birth of an infant after 24 weeks of gestation); secondary 
outcomes were implantation and clinical pregnancy rates.

Results: The study included 266 SMFI cases (90 and 176 in the PGT-A and non-PGT-A groups, respectively). Men and 
women in the PGT-A group were significantly older than those in the non-PGT-A group. The groups did not differ in 
terms of male factor categories, sperm collection methods or additional female factors. Live birth rates in the PGT-A 
and non-PGT-A groups were 55.6% and 51.1%, respectively (odds ratio [OR] 1.19, 95% confidence interval [CI] 0.71–
1.98, P = 0.495). The implantation rates were 65.6% and 64.2%, respectively (OR 1.06, 95% CI 0.62–1.80, P = 0.827). 
The clinical pregnancy rates were 62.2% and 58.0%, respectively (OR 1.19, 95% CI 0.71–2.01, P = 0.502). The use of 
PGT-A was not an independent factor for live birth (aOR 1.33, 95% CI 0.66–2.70, P = 0.421). Advanced age in women 
was the only independent factor associated with live birth (aOR 0.46, 95% CI 0.22–0.96, P = 0.041).

Conclusions: The use of PGT-A does not seem to be an independent factor associated with live birth per transfer in 
couples with SMFI.
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INTRODUCTION

R ecent years have witnessed 
a significant improvement in 
the management of couples 
with severe male factor 

infertility (SMFI) in the context of 
assisted reproductive technology (ART) 
(Vloeberghs et al., 2015). One of the 
improvements is that the ploidy status 
of preimplantation embryos is identified 
with high accuracy (Munné et al., 2019; 
Rubio et al., 2017).

Genetically abnormal embryos can 
develop in the presence of paternal 
chromosomal aberrations including 
karyotype abnormalities, microdeletions 
and translocations (Albert et al., 2015; 
Ferlin et al., 2007). These abnormalities 
can disrupt the finely tuned steps of 
meiosis, leading to the production 
of spermatozoa carrying imbalanced 
chromosomal content (Harton and 
Tempest, 2012). Although these genetic 
aetiologies can explain some SMFI cases, 
they are not identified in the majority 
(Ferlin et al., 2007; Mayeur et al., 2019).

It is well known that aneuploidies 
are frequent in human embryos. 
Chromosome mis-segregation is the main 
mechanism involved in the formation of 
aneuploid embryos (Hassold and Hund, 
2001). This commonly arises due to 
errors in oogenesis, particularly during 
meiosis I (Capablo et al., 2017; Reader 
et al., 2017). The paternal contribution to 
embryonic aneuploidies appears small, 
as the aneuploidy rate is much lower in 
spermatozoa than in oocytes (Lu et al., 
2012; Wang et al., 2012). Moreover, 
the incidence of aneuploidy in oocytes 
increases with advancing maternal age 
(Lu et al., 2012; Wang et al., 2012). 
Post-fertilization events may also be 
responsible for chromosome errors due 
to the possibility of faulty mitotic division 
of blastomeres, leading to the production 
of mosaic embryos. These errors may 
occur as a result of defective structures 
in the spermatozoon, for example in the 
centrosome, during post-fertilization 
events (Palermo et al., 1994).

Preimplantation genetic testing for 
aneuploidies (PGT-A) identifies the 
embryos with the highest implantation 
potential (ASRM guideline 2018), thus 
targeting couples with advanced female 
age, repeated implantation failure or 
recurrent pregnancy loss (Fiorentino 
et al., 2015; Practice Committees of 

the American Society for Reproductive 
Medicine and the Society for Assisted 
Reproductive Technology; Vloeberghs 
et al., 2015).

It remains uncertain whether the use 
of spermatozoa from SMFI cases with 
a normal karyotype increases the risk 
of aneuploidy in embryos. Moreover, it 
is uncertain whether SMFI alone is one 
of the indications for PGT-A (Harper 
and Harton, 2010; Lee et al., 2015; 
Silber et al., 2003). Therefore, this study 
aimed to compare outcomes between 
single autologous euploid (PGT-A) and 
unknown-ploidy blastocyst (non-PGT-A) 
transfers in couples with SFMI.

MATERIALS AND METHODS

This was a single-centre, retrospective, 
observational study conducted at the 
Bahceci Fulya Assisted Reproduction 
Center in Istanbul, Turkey, from January 
2016 through March 2019. The study 
included couples with SMFI who 
underwent intracytoplasmic sperm 
injection (ICSI) cycles resulting in single 
euploid or unknown-ploidy blastocyst 
transfer in vitrified–warmed cycles. The 
first successful transfer cycle of each 
patient was included in the analyses. 
Autologous oocytes were used in all 
cycles as oocyte donation is illegal in 
Turkey.

Ethical approval
This study was performed in compliance 
with the Ethical Committee protocol of 
the local Review Board (approval number 
61351342-/2019-679) on 27 December 
2019.

Study population
Patient records were reviewed through 
the study centre's electronic database 
in which patient data and outcomes are 
regularly collected. The inclusion criteria 
were as follows: (i) SMFI (azoospermia 
and sperm count <1 million/ml); (ii) 
normal karyotype; (iii) female partner 
between 25 and 39 years; (iv) single 
embryo transfer with euploid or 
unknown-ploidy blastocyst in vitrified–
warmed cycles; and (v) no intracavitary 
pathologies. Azoospermia was defined as 
the complete absence of spermatozoa 
from the ejaculate sample centrifuged 
at 3000 g for 15 min and a low sperm 
count as <1 million spermatozoa per 
ml. Fresh transfers or double embryo 
transfers were excluded, as the study 
centre routinely performs elective single 

euploid embryo transfer in a freeze-
only cycle in those undergoing PGT-A. 
The study population was stratified 
into women undergoing single euploid 
blastocyst transfer (PGT-A group) and 
those undergoing single unknown-ploidy 
blastocyst transfer (non-PGT-A group). 
FIGURE 1 shows the flow chart of the study.

Ovarian stimulation
The antagonist protocol was used in 
the majority of ovarian stimulations. 
Follow-ups were conducted by 
transvaginal ultrasound examinations 
and by measuring oestradiol and 
progesterone concentrations. On day 
2 or 3 of menstruation, gonadotrophin 
administration was commenced with 
150–300 IU recombinant-FSH (Gonal-F®; 
Merck Serono, Germany) with or 
without 75–150 IU highly purified human 
menopausal gonadotrophin (Merional®; 
IBSA, Switzerland or Menopur®; 
Ferring, Switzerland). Gonadotrophin-
releasing hormone antagonist (0.25 mg, 
Cetrotide®; Merck Serono) was added 
on day 6 or when at least one follicle 
had reached ≥14 mm in diameter. Final 
oocyte maturation was induced by 
either recombinant human chorionic 
gonadotrophin (250 µg, Ovitrelle®; 
Merck Serono) or gonadotrophin-
releasing hormone agonist (0.2 mg, 
Gonapeptyl®; Ferring) or both when at 
least one or two follicles had reached 
≥18 mm in diameter, depending on the 
number of growing follicles.

Sperm collection and analysis
Semen samples of all men in the study 
laboratory had been previously tested 
to decide how to collect sperm cells on 
the day of oocyte retrieval. All semen 
samples were collected and evaluated 
according to World Health Organization 
(WHO) guidelines (Cooper et al., 2010; 
World Health Organization, 2010). In 
cases of low sperm count (<1 million/
ml), the samples were collected by 
masturbation after 2–5 days of sexual 
abstinence. After liquefaction for 
30 min, the samples were analysed for 
basal sperm characteristics including 
concentration, volume and motility. In 
cases of azoospermia, sperm cells were 
collected by microdissection testicular 
sperm extraction (micTESE) or testicular 
sperm aspiration (TESA). micTESE was 
performed via a 1–1.5 cm incision with 
the help of magnification on the day of 
oocyte retrieval. Biopsied testicular tissue 
was placed into sperm washing medium 
(Irvine Scientific, CA, USA) and minced 
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using an 18G needle. The resulting 
tissue suspension was transferred to a 
conical tube and incubated in RBC Lysis 
Buffer (Qiagen, Germany) in order to 
remove red blood cells. A discontinuous 
two-layer (50/90%) gradient separation 
technique was used for sperm 
preparation in all samples before ICSI. 
All the samples were layered on top of 
a gently prepared isolate gradient (Irvine 
Scientific) and centrifuged at 300 g 
for 20 min. The resulting pellet was 
resuspended in sperm washing medium 
and washed twice by centrifugation at 
500 g for 5 min. After washing, the final 
pellet was resuspended in 0.5 ml of 
sperm washing medium and processed 
for ICSI.

Oocyte collection and embryo 
treatment procedures
Transvaginal oocyte retrieval was 
performed using ultrasound guidance 
34–36 h after the trigger shot. Aspirated 
cumulus–oocyte complexes were 

placed into 50 µl drops of Continuous 
Single Culture Complete medium 
(CSCM-C®, Irvine Scientific) and 
individually incubated for 2 h at 37°C in 
6% CO2 and 5% O2 until denudation. 
Fertilization was confirmed 16–18 h 
after ICSI (Serdarogullari et al., 2014). 
All fertilized oocytes were cultured 
to the blastocyst stage in a benchtop 
(ESCO, ESCO Global, Singapore) or 
a time-lapse incubator (Embryoscope, 
Vitrolife, Sweden) until the day of 
vitrification. In the PGT-A group, a 
small window was opened on the zona 
pellucida (approximately 20 µm) using 
a non-contact laser system (Octax 
LaserShot, MTG, Germany) on day 
3, and embryos were cultured in new 
medium until the biopsy day. Hatching 
blastocysts underwent trophectoderm 
biopsy (5–8 cells per blastocyst) using 
the pulling method in HEPES-buffered 
media containing gentamicin (mHTF®, 
Irvine Scientific). Biopsied cells were 
placed in special tubes and delivered 

to the genetic laboratory for analysis. 
All blastocysts were graded according 
to the assessment of expansion, inner 
cell mass (ICM) and trophectoderm 
(TE) cells (Gardner et al., 1999). First, 
blastocyst size was examined as follows: 
B1: early blastocyst (blastocoel/embryo 
volume <0.5); B2: early blastocyst 
(blastocoel/embryo volume ≥0.5); B3: 
full blastocyst (blastocoel completely 
filling the embryo); B4: expanded 
blastocyst (blastocoel/embryo volume >1 
and thin zona); B5: hatching blastocyst 
(partial protrusion of TE cells from 
the zona); B6: fully hatched blastocyst 
(complete protrusion of TE cells). Later, 
the ICM and trophectoderm TE were 
examined for grading B3–B6 blastocysts. 
ICM was graded as follows: A: tightly 
packed, many cells; B: loosely grouped, 
several cells; C: very few cells. TE was 
graded as follows: A: many cells forming 
a tightly knit epithelium; B: few cells; 
and C: very few cells forming a loose 
epithelium. Only medium-quality (3–6 

FIGURE 1 Flow chart of the study.
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BC, CC and CB) and high-quality (3–6 
AA, AB, BA and BB) blastocysts were 
vitrified. In both PGT-A and non-PGT-A 
groups, the blastocysts were vitrified 
using a commercial vitrification kit 
according to procedures detailed in the 
manufacturer's instructions (Vit Kit®-
Freeze, 90133-SO and Vit Kit®-Thaw, 
90137-SO, Irvine Scientific), as previously 
described (Asoglu et al., 2019). The 
PGT-A technology utilized in the study 
centre during the study period was next-
generation sequencing (Igenomix S.L., 
Valencia, Spain) during the study period.

No significant modifications were made 
in laboratory procedures during the 
course of the study period.

Endometrial preparation method
On day 1 or 2, if progesterone was 
<1.5 pg/dl and no intracavitary pathology 
was visualized on ultrasound exam, 
4 mg daily oestradiol was commenced 
orally, with a dose increase of 2 mg in a 
4-day period (Asoglu et al., 2019; Celik 
et al., 2019). On day 13, progesterone 
administration was initiated if the 
endometrial appearance was trilaminar 
with a thickness of ≥7 mm, and the 
progesterone concentration was 
measured as <1.5 pg/dl. Blastocyst 
transfers were conducted on day 6 
of progesterone initiation. Blastocyst 
transfer was postponed if the endometrial 
appearance was dissatisfactory and/or 
the serum progesterone concentration 
was ≥1.5 pg/dl. However, 8 mg daily oral 
oestradiol was continued for one more 
week in cases where the endometrium 
was <7 mm with trilaminar appearance 
without elevated progesterone. 
Progesterone administration was initiated 
in those meeting the above-mentioned 
criteria.

Luteal phase support
The route of progesterone administration 
for luteal phase support was either 
intramuscular (50–100 mg, Progestan®; 
Kocak Farma, Turkey) or vaginal 
(90–180 mg, Crinone® 8% vaginal gel, 
Merck Serono). Oral oestradiol was 
given in combination with progesterone. 
Biochemical pregnancy was identified 
when the serum beta-human chorionic 
gonadotrophin (β-HCG) concentration 
was >5 IU/l at 12 days after blastocyst 
transfer. Patients were instructed to 
stop using oestradiol after determining 
embryonic cardiac activity and advised to 
stop using progesterone after 10 weeks of 
gestation.

Outcome measures
The primary outcome measure was the 
live birth rate. The secondary outcomes 
were implantation, clinical pregnancy, 
miscarriage and multiple pregnancy 
rates. Live birth was defined as the live 
birth of an infant after 24 completed 
weeks of gestation. Implantation was 
defined by ultrasound evidence of a 
gestational sac at 6 weeks and clinical 
pregnancy by ultrasound evidence 
of embryonic cardiac activity at 8 
weeks. Miscarriage was defined as the 
spontaneous loss of pregnancy before 13 
weeks. Multiple pregnancy was defined 
as the simultaneous presence of at least 
two cardiac activities after 12 weeks. All 
outcome measures are reported per 
transfer.

Statistical analysis
Data were analysed by SPSS Statistics 
for Windows, Version 21.0 (IBM Corp., 
Armonk, NY, USA). The normality of 
data was tested by the Kolmogorov–
Smirnov test. Continuous variables were 
compared using the Mann–Whitney 
U-test, and proportional data were 
compared using Fisher's exact test or 
Pearson's chi-squared test. A two-sided 
P-value <0.05 was accepted as the 
threshold for statistical significance. 
To determine the variables associated 
with live birth, a multivariate logistical 
regression was carried out including 
advanced female age (<35 or ≥35 years), 
advanced male age (<40 or ≥40 years), 
duration of infertility (years), repeated 
ART failures (<2 or ≥2 failures), recurrent 
pregnancy loss (<2 or ≥2 losses) and 
PGT-A use (yes or no).

RESULTS

Patient characteristics
A total of 266 couples met the inclusion 
criteria: 90 underwent single euploid 
blastocyst transfer and 176 underwent 
single unknown-ploidy blastocyst transfer. 
The median age of the female and male 
patients in the total study population 
were 31 (26–39) and 34 (26–58) years, 
respectively. The rates of female and 
male patients with advanced age were 
23.7% (n = 63) and 17.3% (n = 46), 
respectively. The median body mass 
index (BMI) was 24 kg/m2 (18–58). 
The median infertility duration and 
the median number of previous ART 
attempts were 3 years (1–17) and 1 (0–8), 
respectively. The primary infertility rate 
was 92.9% (n = 247). The repeated ART 
failure rate was 36.1% (n = 96).

The ages of women and men, advanced 
age rate in women, number of previous 
ART attempts and repeated IVF failure 
rate significantly differed between the 
groups (P < 0.001 for all). The duration of 
infertility was similar between the groups 
(P = 0.144). The rates of female and 
male smokers did not significantly differ 
between the two groups. Four couples 
(4.4%) in the PGT-A group and none in 
the non-PGT-A group had a history of 
recurrent pregnancy loss (P = 0.005). 
TABLE 1 shows comparisons of patient 
characteristics between the groups.

TABLE 2 shows the comparisons of male 
factor categories, sperm collection 
methods and additional female factors 
between the groups. Of 266 men, 64.7% 
(n = 172) had azoospermia and 35.3% 
(n = 94) had low sperm count (<1 million 
sperm/ml). There were no statistically 
significant differences in the SMFI types 
between the groups (P = 0.625). Sperm 
collection methods were micTESE in 
61.7% (n = 164), ejaculation in 35.7% 
(n = 95) and TESA in 2.6% (n = 7) among 
the study population. The groups were 
similar in terms of sperm collection 
methods (P = 0.153). Both groups were 
also comparable in terms of additional 
female factor rates. TABLE 3 presents 
the ovarian stimulation and blastocyst 
transfer characteristics of the patients. 
The number of vitrified blastocysts in the 
PGT-A and non-PGT-A groups were 3 (1–
10) and 3 (1–13), respectively (P = 0.251). 
However, the number of vitrified 
top-quality blastocysts was significantly 
different between the groups (P = 0.021). 
The blastocyst and top-quality blastocyst 
rates also significantly differed between 
the two groups (P = 0.001 and P = 0.029, 
respectively). Ovarian stimulation 
characteristics were comparable between 
the groups.

Biopsy results in the PGT-A group
A total of 342 ‘biopsiable’ blastocysts 
were obtained in the PGT-A group, of 
which 278 were tested by PGT-A and 
64 were not sent for PGT-A due to 
the patients’ cost-related concerns. Of 
these, 148 (53.2%) were euploid and 
130 (46.8%) were aneuploid. These 
data are presented in TABLE 3. Ninety 
euploid blastocysts were transferred in 
the first transfer cycle, and 58 euploid 
blastocysts remained to be used for a 
second transfer. In a subgroup analysis, 
euploid and aneuploid blastocyst rates 
were 51.6% and 48.4% in those with 
azoospermia and 56.1% and 43.9% in 
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those with low sperm count, respectively 
(P = 0.529).

TABLE 4 shows the indications for PGT-A in 
the PGT-A group.

Primary and secondary outcomes
The live birth rate was 55.6% (n = 50) 
in the PGT-A group and 51.1% (n = 90) 
in the non-PGT-A group; this difference 
was not significantly different between 
the groups (OR 1.19, 95% CI 0.71–1.98, 
P = 0.495). The implantation rate was 
65.6% (n = 59) and 64.2% (n = 113), 
respectively (OR 1.06, 95% CI 0.62–1.80, 
P = 0.827). The clinical pregnancy 
rates were 62.2% (n = 56) and 58.0% 

(n = 102), respectively (OR 1.19, 95% 
CI 0.71–2.01, P = 0.502). No multiple 
pregnancies occurred in the PGT-A 
group, with 1.1% (n = 2) in the non-
PGT-A group (P = 0.310). TABLE 5 presents 
comparisons of the outcome measures 
between the PGT-A and non-PGT-A 
groups.

Based on the regression analysis, the 
use of PGT-A was not an independent 
factor for live birth (adjusted OR [aOR] 
1.33, 95% CI 0.66–2.70, P = 0.421, 
TABLE 6). Advanced female age was the 
only independent factor associated with 
live birth (aOR 0.46, 95% CI 0.22–0.96, 
P = 0.041, TABLE 6).

DISCUSSION

This study shows that the use of PGT-A 
did not significantly change the live birth 
rates per transfer in SFMI cases. In fact, 
PGT-A use was not an independent 
factor associated with live birth in SMFI 
cases. Advanced female age was the 
only independent factor associated with 
live birth in the current study, which is 
consistent with current knowledge on the 
subject (Munné et al., 2019; Rubio et al., 
2017). Furthermore, no differences were 
found in the euploid and aneuploid rates 
in the biopsied blastocysts between male 
factor subtypes, which was also in line 

TABLE 1 COMPARISON OF PATIENT CHARACTERISTICS BETWEEN THE PGT-A AND NON-PGT-A GROUPS.

PGT-A (n = 90) Non-PGT-A (n = 176) P-value

Female age (years) 34 (26–39) 30 (26–39) <0.001

Male age (years) 36 (27–52) 34 (26–58) <0.001

Advanced female age (≥35 years) 38 (42.2) 25 (14.2) <0.001

Advanced male age (≥40 years) 18 (20.0) 28 (15.9) 0.404

BMI (kg/m2) 23 (18–33) 24 (18–58) 0.156

Obesity (BMI ≥30 kg/m2) 6 (6.7) 20 (11.4) 0.222

Primary infertility 82 (91.1) 165 (93.8) 0.429

Duration of infertility (years) 4 (1–12) 3 (1–17) 0.144

Male smokers 12 (13.3) 22 (12.5) 0.847

Female smokers 5 (5.6) 15 (8.5) 0.385

Number of previous ART attempts 3 (0–8) 0 (0–4) <0.001

Repeated ART failure (≥2 failures) 70 (77.8) 26 (14.8) <0.001

Recurrent pregnancy loss (≥2 losses) 4 (4.4) 0 (0) 0.005

Data are given as median (minimum–maximum) or number (percentage).

ART = assisted reproductive technology; BMI = body mass index; PGT-A = preimplantation genetic testing for aneuploidies.

TABLE 2 COMPARISON OF MALE FACTOR CATEGORIES, SPERM COLLECTION METHODS AND ADDITIONAL FEMALE 
FACTORS BETWEEN THE PGT-A AND NON-PGT-A GROUPS

PGT-A (n = 90) Non-PGT-A (n = 176) P-value

Male factor categories 0.625

 Azoospermia 60 (66.7) 112 (63.6)

 Sperm count <1 million/ml 30 (33.3) 64 (36.4)

Sperm collection methods 0.153

 Ejaculation 30 (33.3) 65 (36.9)

 micTESE 59 (65.6) 105 (59.7)

 TESA 1 (1.1) 6 (3.4)

Additional female factors

 Blocked fallopian tubes 2 (2.2) 3 (1.7) 0.769

 Ovulatory dysfunction 24 (26.7) 49 (27.8) 0.839

 Diminished ovarian reserve 11 (12.2) 18 (10.2) 0.621

 Endometrioma 1 (1.1) 3 (1.7) 0.707

Data are given as number (percentage).

micTESE = microdissection testicular sperm extraction; PGT-A = preimplantation genetic testing for aneuploidies; TESA = testicular sperm aspiration.
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with previous studies (Mazzilli et al., 2017; 
Tarozzi et al., 2019). PGT-A use may 
have brought the live birth rate to the 
level of the non-PGT-A group, as patient 
characteristics were poorer in the PGT-A 
group than in the non-PGT-A group. 
Thus, SMFI may not be considered as a 
sole indication for PGT-A.

Spermatozoa play important roles in 
the stages of embryogenesis, such as 
fertilization, epigenetic control and cell 

division (Alberts et al., 2015), which may 
affect ICSI outcomes. In a recent study 
in which embryos were monitored using 
a time-lapse method, Sacha et al. (2020) 
demonstrated that male factor infertility 
was associated with a lower percentage 
of blastocysts available for transfer 
compared with other causes of infertility. 
However, male factor infertility did not 
prolong the duration of the cleavage 
stage or the time taken to reach the 
blastocyst stage. Moreover, early and late 

morphokinetic parameters of embryos 
remained similar regardless of the 
severity of male factor infertility. Thus, 
the presence of SFMI seems primarily to 
affect the ability of fertilized oocysts to 
reach the blastocyst stage, leading to a 
decrease in the number of transferable 
blastocysts. However, this does not 
completely prove whether or not the 
reproductive potential of transferable 
blastocysts is preserved, and there is an 
increased likelihood of DNA damage to 
spermatozoa.

Previous studies using fluorescence 
in-situ hybridization (FISH) found an 
increased incidence of aneuploidy in 
cleavage-stage embryos in cases of 
SMFI (Magli et al., 2009; Silber et al., 
2003). However, these findings are 
not applicable to today's practice. 
Coates et al. (2015) reported that SMFI 
increased the rate of sex chromosome 
abnormalities, but not the overall 
rate of autosomal aneuploidy. Mazzilli 

TABLE 3 COMPARISON OF OVARIAN STIMULATION AND VITRIFIED–WARMED BLASTOCYST TRANSFER 
CHARACTERISTICS AND LUTEAL SUPPORT REGIMES BETWEEN THE PGT-A AND NON-PGT-A GROUPS

PGT-A (n = 90) Non-PGT-A (n = 176) P-value

Ovarian stimulation characteristics

 Total gonadotrophin dose (IU) 2250 (1350–4125) 2100 (675–6000) 0.329

 Oestrogen concentration at the trigger day (pg/ml) 1948 (208–5646) 2195 (155–6955) 0.502

 Duration of stimulation (days) 9 (7–12) 9 (6–13) 0.721

 Number of retrieved oocytes 14 (2–39) 15 (3–56) 0.577

 Number of mature oocytes 12 (2–32) 13 (3–47) 0.473

 Number of two-pronuclei oocytes 8 (1–26) 9 (2–27) 0.283

 Fertilization rate 75 (13–100) 75 (20–100) 0.687

Blastocyst parameters

 Number of vitrified blastocysts 3 (1–10) 3 (1–13) 0.251

 Number of vitrified top-quality blastocysts 1 (0–6) 1 (0–7) 0.021

 Blastocyst rate (per two-pronuclei oocyte) 33 (6–100) 43 (10–100) 0.001

 Top-quality blastocyst rate (per blastocyst) 25 (0–100) 37 (0–100) 0.029

 Number of ‘biopsiable’ blastocysts 342 NA NA

 Number of biopsied blastocysts 278 NA NA

 Euploid blastocysts 148/278 (53.2) NA NA

 Aneuploid blastocysts 130/278 (46.8) NA NA

On the day of progesterone initiation

 Oestrogen concentration (pg/ml) 263 (75–896) 283 (64–937) 0.279

 Progesterone concentration (ng/ml) 0.24 (0.05–1.45) 0.25 (0.05–1.30) 0.704

 Endometrial thickness (mm) 9.6 (7.1–12.6) 10 (7.1–13) 0.359

Luteal phase support regimes 0.844

 Oral oestradiol plus vaginal progesterone 40 (44.4) 76 (43.2)

 Oral oestradiol plus intramuscular progesterone 50 (55.6) 100 (56.8)

Data are given as median (minimum–maximum) or number (percentage).

PGT-A = preimplantation genetic testing for aneuploidies.

TABLE 4 INDICATIONS FOR PGT-A

PGT-A indications n %

Repeated ART failure alone 36 40

Advanced maternal age plus repeated ART failure 34 37.8

Advanced maternal age alone 4 4.4

Recurrent pregnancy loss alone 4 4.4

Patient request alone 12 13.3

Total 90 100

ART = assisted reproductive technology; PGT-A = preimplantation genetic testing for aneuploidies.
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et al. (2017) showed no association 
between euploid blastocyst rates 
and different entities of male factor 
infertility (normospermia, severe 
oligoasthenoteratozoospermia, 
obstructive azoospermia and non-
obstructive azoospermia) in a large series. 
In a study of 340 PGT-A cycles, Tarozzi 
et al. (2019) showed that male factor 
infertility, irrespective of the severity, did 
not affect euploid or aneuploid blastocyst 
rates compared with non-male factor 
causes. However, it was associated with 
a higher rate of mosaic blastocysts. This 
association was more apparent when 
severe male factor (sperm concentration 
<0.1 million/ml) was compared with other 
causes of infertility, including non-severe 
male factors. Thus, these studies support 
that the presence of SMFI may, to some 
extent, have a detrimental impact on the 
genetic integrity of embryos. However, 
this does not imply an increased 
frequency of aneuploidy.

As shown by previous studies using 
FISH, the aneuploid embryo rate at 
the cleavage stage may still depend on 
the severity of male factor infertility. 
However, the chance of aneuploid 
cleavage-stage embryos reaching the 
blastocyst stage may negatively correlate 
with the severity of male factor infertility. 

Thus, the euploid embryo rates at the 
blastocyst stage may be similar between 
male factor infertility subtypes, as 
shown by recent studies (Mazzilli et al., 
2017; Tarozzi et al., 2019). This may be 
explained by a survival advantage of 
euploid cleavage-stage embryos up to 
the blastocyst stage. Another possible 
explanation is that the time of the 
embryo biopsy affects the aneuploidy 
rate as the ploidy status of embryos 
is more accurately determined at the 
blastocyst stage than at the cleavage 
stage (Liñán et al., 2018). While the 
severity of male factor infertility seems 
to affect the rate of mosaicism in 
blastocyst-stage embryos, currently there 
is no convincing evidence supporting 
an increased rate of aneuploid embryos 
at the blastocyst stage. The paternal 
contribution to embryo mosaicism needs 
further investigation.

SMFI has been shown to compromise 
fertilization and blastocyst rates 
(Bartolacci et al., 2018; Chapuis et al., 
2017; Mazzilli et al., 2017). In addition to 
this fact, paternal age itself has possible 
negative effects on the reproductive ability 
of couples. Some suggest that male age 
has a detrimental effect on fertilization 
and embryo development as well as the 
chance of live birth (Ferreira et al. 2010; 

Klonoff-Cohen and Natarajan, 2004; Setti 
et al., 2019). Others suggest a negative 
correlation between paternal age and 
the number of high-quality embryos 
obtained (Luna et al., 2009; Wu et al., 
2016). This may be as a result of increased 
DNA fragmentation in spermatozoa from 
men with SMFI (Ni et al., 2014). On the 
other hand, Tiegs et al. showed that male 
age affected neither euploid blastocyst 
rates nor pregnancy outcomes (Tiegs 
et al., 2017). In this study, the blastocyst 
rates and top-quality blastocyst rates 
were lower in men in the PGT-A group 
than in men in the non-PGT-A group. 
This may be explained by the fact that 
the PGT-A group included more older 
men. However, this did not translate into 
decreased pregnancy rates. Thus, this 
finding indicates that compared with the 
paternal gamete, the maternal gamete is 
a much more important determinant of 
the genetic structure of preimplantation 
embryos, as previously confirmed in 
randomized trials (Munné et al., 2019; 
Rubio et al., 2017).

The current study suffers from some 
limitations. First, it has a retrospective 
design, which limits the generalizability 
of the findings. Another limitation of the 
study is that the sample size was relatively 
small, so definitive conclusions cannot 
be drawn. In addition, the fact that only 
vitrified–thawed single embryo transfers 
were included in the study might limit the 
applicability of the results to the general 
SFMI/ART populations. The difference 
in female age between the groups might 
also be a potential limitation; however, 
it was adjusted for in the regression 
analysis. No data were available regarding 
the rate of mosaic blastocysts in the 
biopsied blastocysts. Future prospective 
studies including larger series may 
provide more evidence regarding the 
impact of PGT-A on embryo transfer 
outcomes in SFMI cases.

TABLE 5 COMPARISON OF OUTCOME MEASURES BETWEEN THE PGT-A AND NON-PGT-A GROUPS

PGT-A (n = 90) Non-PGT-A (n = 176) OR (95% CI) P-value

Biochemical pregnancy 66 (73.3) 124 (70.5) 1.15 (0.65–2.03) 0.623

Implantation 59 (65.6) 113 (64.2) 1.06 (0.62–1.80) 0.827

Clinical pregnancy 56 (62.2) 102 (58.0) 1.19 (0.71–2.01) 0.502

Miscarriage 9 (10.0) 23 (13.1) 0.73 (0.32–1.67) 0.467

Live birth 50 (55.6) 90 (51.1) 1.19 (0.71–1.98) 0.495

Multiple pregnancy 0 (0) 2 (1.1) NA 0.310

Data are given as number (percentage) and OR (95% CI).

CI = confidence interval; OR = odds ratio; PGT-A = preimplantation genetic testing for aneuploidies.

TABLE 6 MULTIVARIATE LOGISTIC REGRESSION ANALYSIS TO DETERMINE 
THE VARIABLES ASSOCIATED WITH THE LIVE BIRTH

aOR 95% CI P-value

Advanced female age 0.46 0.22–0.96 0.041

Advanced male age 0.71 0.33–1.53 0.383

Repeated ART failures 0.89 0.45–1.76 0.739

Recurrent pregnancy loss 0.76 0.09–6.23 0.805

Duration of infertility 1.04 0.95–1.14 0.340

PGT-A use 1.33 0.66–2.70 0.421

aOR = adjusted odds ratio; ART = assisted reproductive technology; CI = confidence interval; PGT-A = preim-
plantation genetic testing for aneuploidies.
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The first strength of this study is that it 
studied a relatively rare cause of infertility. 
Secondly, it provided data regarding 
the incidence of embryo aneuploidy in 
the biopsied embryos. Third, sampling 
and selection biases were kept to a 
minimum because the study included 
only freeze-all cycles. Fourth, the fact 
that all transfers were performed in 
artificial endometrial preparation cycles 
eliminated endometrial preparation 
approach-related bias. Finally, all the 
blastocysts were vitrified and warmed in a 
standardized fashion.

In conclusion, PGT-A use does not 
appear to contribute independently to 
the chance of live birth per blastocyst 
transfer in couples with SMFI in the 
absence of advanced female age. 
Blastocysts which, after grading, are 
deemed transferable, have a good 
chance of giving rise to live births in 
SFMI cases. Randomized studies can 
provide solid evidence regarding whether 
transferring euploid embryos would 
improve outcomes in SMFI cases.

REFERENCES

Albert, B., Johnson, A.D., Lewis, J., Morgan, D., 
Raff, M., Roberts, K., Walter, P. 2015 Molecular 
Biology of the Cell. Garland Science New York

Asoglu, M.R., Celik, C., Karakis, L.S., Findikli, N., 
Gultomruk, M., Bahceci, M. Comparison of 
daily vaginal progesterone gel plus weekly 
intramuscular progesterone with daily 
intramuscular progesterone for luteal phase 
support in single, autologous euploid frozen-
thawed embryo transfers. J. Assist. Reprod. 
Genet. 2019; 36: 1481–1487

Bartolacci, A., Pagliardini, L., Makieva, S., 
Salonia, A., Papaleo, E., Viganò, P. Abnormal 
sperm concentration and motility as well as 
advanced paternal age compromise early 
embryonic development but not pregnancy 
outcomes: a retrospective study of 1266 ICSI 
cycles. J. Assist. Reprod. Genet. 2018; 35: 
1897–1903

Capalbo, A., Hoffmann, E.R., Cimadomo, D., 
Ubaldi, F.M., Rienzi, L. Human Female Meiosis 
Revised: New Insights into the Mechanisms of 
Chromosome Segregation and Aneuploidies 
from Advanced Genomics and Time-Lapse 
Imaging. Hum. Reprod. Update 2017; 23: 
706–722

Celik, C., Asoglu, M.R., Karakis, L.S., Findikli, N., 
Gultomruk, M., Cavkaytar, S., Bahceci, M. The 
impact of serum oestradiol concentration 
prior to progesterone administration on live 
birth rate in single vitrified-warmed blastocyst 
transfer cycles. Reprod. Biomed. Online 2019; 
39: 1026–1033

Chapuis, A., Gala, A., Ferrières-Hoa, A., Mullet, 
T., Bringer-Deutsch, S., Vintejoux, E., Torre, A., 
Hamamah, S. Sperm quality and paternal age: 
effect on blastocyst formation and pregnancy 
rates. Basic Clin. Androl. 2017; 27: 2

Coates, A., Hesla, J.S., Hurliman, A., Coate, 
B., Holmes, E., Matthews, R., Mounts, E.L., 
Turner, K.J., Thornhill, A.R., Griffin, D.K. 
Use of suboptimal sperm increases the risk 
of aneuploidy of the sex chromosomes in 
preimplantation blastocyst embryos. Fertil. 
Steril. 2015; 104: 866–872

Cooper, T.G., Noonan, E., von Eckardstein, S., 
Auger, J., Baker, H.W., Behre, H.M., Haugen, 
T.B., Kruger, T., Wang, C., Mbizvo, M.T., 
Vogelsong, K.M. World Health Organization 
Reference Values for Human Semen 
Characteristics. Hum. Reprod. Update 2010; 
16: 231–245

Ferlin, A., Raicu, F., Gatta, V., Zuccarello, D., 
Palka, G., Foresta, C. Male Infertility: Role of 
Genetic Background. Reprod. Biomed. Online 
2007; 14: 734–745

Fiorentino, F., Bono, S., Biricik, A., Nuccitelli, 
A., Cotroneo, E., Cottone, G., Kokocinski, 
F., Michel, C.E., Minasi, M.G., Greco, E. 
Application of next-generation sequencing 
technology for comprehensive aneuploidy 
screening of blastocysts in clinical 
preimplantation genetic screening cycles. 
Hum. Reprod. 2014; 29: 2802–2813

Gardner, D.K., Schoolcraft, W.B. Culture and 
transfer of human blastocysts. Curr. Opin. 
Obstet. Gynecol. 1999; 11: 307–311

Harper, J.C., Harton, G. The use of arrays 
in preimplantation genetic diagnosis and 
screening. Fertil. Steril. 2010; 94: 1173–1177

Harton, G.L., Tempest, H.G. Chromosomal 
disorders and male infertility. Asian J. Androl. 
2012; 14: 32–39

Hassold, T., Hunt, P. To err (meiotically) is 
human: the genesis of human aneuploidy. Nat. 
Rev. Genet. 2001; 2: 280–291

Lee, E., Illingworth, P., Wilton, L., Chambers, G.M. 
The clinical effectiveness of preimplantation 
genetic diagnosis for aneuploidy in all 24 
chromosomes (PGD-A): systematic review. 
Hum. Reprod. 2015; 30: 473–483

Liñán, A., Lawrenz, B., El Khatib, I., Bayram, A., 
Arnanz, A., Rubio, C., Chopra, R., Fatemi, 
H.M. Clinical reassessment of human embryo 
ploidy status between cleavage and blastocyst 
stage by Next Generation Sequencing. PLoS 
One 2018; 13e0201652

Lu, S., Zong, C., Fan, W., Yang, M., Li, J., 
Chapman, A.R., Zhu, P., Hu, X., Xu, L., Yan, L., 
Bai, F., Qiao, J., Tang, F., Li, R., Xie, X.S. Probing 
meiotic recombination and aneuploidy 
of single sperm cells by whole-genome 
sequencing. Science 2012; 338: 1627–1630

Luna, M., Finkler, E., Barritt, J., Bar-Chama, 
N., Sandler, B., Copperman, A.B., Grunfeld, 
L. Paternal age and assisted reproductive 
technology outcome in ovum recipients. 
Fertil. Steril. 2009; 92: 1772–1775

Magli, M.C., Gianaroli, L., Ferraretti, A.P., 
Gordts, S., Fredericks, V., Crippa, A. Paternal 
contribution to aneuploidy in preimplantation 
embryos. Reprod. Biomed. Online 2009; 18: 
536–542

Mayeur, A., Ahdad, N., Hesters, L., Brisset, S., 
Romana, S., Tosca, L., Tachdjian, G., Frydman, 
N. Chromosomal translocations and semen 
quality: A study on 144 male translocation 
carriers. Reprod. Biomed. Online 2019; 38: 
46–55

Mazzilli, R., Cimadomo, D., Vaiarelli, A., Capalbo, 
A., Dovere, L., Alviggi, E., Dusi, L., Foresta, 
C., Lombardo, F., Lenzi, A., Tournaye, H., 
Alviggi, C., Rienzi, L., Ubaldi, F.M. Effect of 
the male factor on the clinical outcome of 
intracytoplasmic sperm injection combined 
with preimplantation aneuploidy testing: 
observational longitudinal cohort study of 
1,219 consecutive cycles. Fertil. Steril. 2017; 
108

Munné, S., Kaplan, B., Frattarelli, J.L., Child, T., 
Nakhuda, G., Shamma, F.N., Silverberg, K., 
Kalista, T., Handyside, A.H., Katz-Jaffe, M., 
Wells, D., Gordon, T., Stock-Myer, S., Willman, 
S. STAR Study Group. Preimplantation genetic 
testing for aneuploidy versus morphology as 
selection criteria for single frozen-thawed 
embryo transfer in good-prognosis patients: 
a multicenter randomized clinical trial. Fertil. 
Steril. 2019; 112

Ni, W., Xiao, S., Qiu, X., Jin, J., Pan, C., Li, Y., 
Fei, Q., Yang, X., Zhang, L., Huang, X. Effect 
of sperm DNA fragmentation on clinical 
outcome of frozen-thawed embryo transfer 
and on blastocyst formation. PLoS One 2014; 
9: e94956

Palermo, G., Munné, S., Cohen, J. The human 
zygote inherits its mitotic potential from 
the male gamete. Hum. Reprod. 1994; 9: 
1220–1225

Practice Committees of the American Society 
for Reproductive Medicine and the Society for 
Assisted Reproductive Technology. The use of 
preimplantation genetic testing for aneuploidy 
(PGT-A): a committee opinion. Fertil. Steril. 
2018; 109: 429–436

Reader, K., Stanton, J.A., Juengel, J. The 
role of oocyte organelles in determining 



 RBMO  VOLUME 41  ISSUE 4  2020 603

developmental competence. Biology (Basel) 
2017; 6: 35

Rubio, C., Bellver, J., Rodrigo, L., Castillón, G., 
Guillén, A., Vidal, C., Giles, J., Ferrando, M., 
Cabanillas, S., Remohí, J., Pellicer, A., Simón, 
C. In vitro fertilization with preimplantation 
genetic diagnosis for aneuploidies in advanced 
maternal age: a randomized, controlled study. 
Fertil. Steril. 2017; 107: 1122–1129

Sacha, C.R., Dimitriadis, I., Christou, G., James, 
K., Brock, M.L., Rice, S.T., Bhowmick, P., 
Bormann, C.L., Souter, I. The Impact of 
Male Factor Infertility on Early and Late 
Morphokinetic Parameters: A Retrospective 
Analysis of 4126 Time-Lapse Monitored 
Embryos. Hum. Reprod. 2020; 35: 24–31

Serdarogullari, M., Findikli, N., Goktas, C., 
Sahin, O., Ulug, U., Yagmur, E., Bahceci, 
M. Comparison of gender-specific human 
embryo development characteristics by time-
lapse technology. Reprod. Biomed. Online 
2014; 29: 193–199

Setti, A.S., Braga, D.P.A.F., Iaconelli, A.Jr, Borges, 
E.Jr Increasing paternal age and ejaculatory 
abstinence length negatively influence the 
intracytoplasmic sperm injection outcomes 
from egg-sharing donation cycles. Andrology 
2019. doi:10.1111/andr.12737

Silber, S., Escudero, T., Lenahan, K., Abdelhadi, 
I., Kilani, Z., Munné, S. Chromosomal 
abnormalities in embryos derived from 
testicular sperm extraction. Fertil. Steril. 2003; 
79: 30–38

Tarozzi, N., Nadalini, M., Lagalla, C., Coticchio, 
G., Zacà, C., Borini, A. Male Factor Infertility 
Impacts the Rate of Mosaic Blastocysts in 
Cycles of Preimplantation Genetic Testing for 
Aneuploidy. J. Assist. Reprod. Genet. 2019; 36: 
2047–2055

Tiegs, A.W., Sachdev, N.M., Grifo, J.A., McCulloh, 
D.H., Licciardi, F. Paternal Age Is Not 
Associated With Pregnancy Outcomes After 
Single Thawed Euploid Blastocyst Transfer. 
Reprod Sci. 2017; 24: 1319–1324

Vloeberghs, V., Verheyen, G., Haentjens, P., 
Goossens, A., Polyzos, N.P., Tournaye, H. 
How successful is TESE-ICSI in couples with 
nonobstructive azoospermia? Hum. Reprod. 
2015; 30: 1790–1796

Wang, J., Fan, H.C., Behr, B., Quake, S.R. 
Genome-wide single-cell analysis of 
recombination activity and de novo mutation 
rates in human sperm. Cell 2012; 150: 402–412

World Health Organization. 2010 Laboratory 
manual for the examination and processing of 
human semen. WHO Press

Wu, Y., Kang, X., Zheng, H., Liu, H., Huang, Q., 
Liu, J. Effect of paternal age on reproductive 
outcomes of intracytoplasmic sperm injection. 
PLoS One 2016; 11e0149867

Received 16 February 2020; received in revised 
form 17 May 2020; accepted 19 June 2020.


