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1  | INTRODUC TION

Reproductive medicine has tremendously improved in the last two 
decades. With the development of micromanipulation techniques, 
intracytoplasmic sperm injection (ICSI) or intracytoplasmic mor‐
phologically selected sperm injection (IMSI), men with severe male 
factor infertility problems, including azoospermia, have a chance for 
fertility treatment and to father their own genetic offspring. Men 

with obstructive azoospermia, which can be due to a blockage in the 
ejaculatory duct or vas deferens, may opt for sperm aspiration from 
the epididymis (microsurgical epididymal sperm aspiration, MESA) 
(Esteves, Miyaoka, & Agarwal, 2011; Schwarzer et al., 2003). On the 
other hand, nonobstructive azoospermia patients (NOA) that can 
arise as a result of defects in sperm production in the testis usually 
undergo testicular sperm extraction (TESE) to obtain spermatozoa 
(Devroey et al., 1995; Schlegel et al., 1997; Tesarik et al., 1996).
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Abstract
Low sperm quality has negative effects on fertilisation and embryo development. 
The males with azoospermia apply for testicular sperm extraction (TESE) or micro‐
surgical epididymal sperm aspiration (MESA) in order to retrieve sperm. To date, 
there have not been any reports investigating morphokinetic parameters of pre‐ 
implantation embryos using testicular and epididymal spermatozoa. Therefore, we 
aimed to correlate embryo development and assess morphogenetic parameters in 
embryos obtained by TESE and MESA using time‐lapse imaging. A total of 60 pa‐
tients undergoing IVF treatments were included in this study. Twenty men with nor‐
mal semen parameters were selected as control group. Twenty men undergoing TESE 
and 20 men undergoing MESA were also included in this study. The morphokinetic 
parameters of time intervals between the second polar body (PB2) extrusion, pronu‐
clei formation and disappearance and cleavage divisions showed significant varia‐
tions in TESE, MESA and control groups. Furthermore, the pregnancy rates (positive 
beta‐hCG) were shown to be similar in both TESE and the control group (55% in each 
group), whereas for the MESA group, this rate was significantly lower (39%, p = 0.049). 
Further extrapolation of these results may implicate that the obstructive azoo‐
spermia patients should undergo TESE instead of MESA for better blastocyst devel‐
opment and higher pregnancy rates.
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The spermatozoa recovery rate in TESE has been shown to vary 
between 40% and 80% (Friedler et al., 1997; Mansour et al., 1996; 
Rosenlund et al., 1998; Schlegel et al., 1997). However, it should be noted 
that the quality of the extracted spermatozoa depends on the method 
of retrieval, maturity and motility (Park et al., 2014). Spermatozoa ob‐
tained by TESE or MESA are widely used for ICSI or IMSI. However, the 
origin of the injected spermatozoa affects the embryo quality (Tesarik, 
2005). Although, older studies reported acceptable fertilisation and 
pregnancy rates using testicular spermatozoa from men with NOA 
(De Croo, Elst, Everaert, Sutter, & Dhont, 2000; Mercan et al., 2000; 
Palermo et al., 1999), testicular sperm injection showed lower fertilisa‐
tion and pregnancy rates compared to ejaculated and epididymal sper‐
matozoa injection (Balaban et al., 2001; Pasqualotto, Rossi‐Ferragut, 
Rocha, Iaconelli, & Borges, 2002; Rossi‐Ferragut et al., 2003).

Evaluation of embryo development and selection of the em‐
bryo with the best potential for implantation resulting in live 
birth are crucial in assisted reproduction treatment (ART) centres. 
Embryo assessment involves periodic monitoring of fertilised oo‐
cyte and pre‐implantation embryo development. In addition to 
the intrinsic factors, external factors, such as variations of the pH 
and temperature of the culture media, affect the embryo devel‐
opment (Antczak & Van Blerkom, 1999; El Mouatassim, Guerin, & 
Menezo, 1999). The culture media are more prone to pH and tem‐
perature fluctuations in the conventional incubators since the em‐
bryos have to be taken out for monitoring purposes. In the recent 
years, with the introduction of time‐lapse imaging systems, the pH 
and the temperature changes of the culture media are minimised 
(Chamayou et al., 2013; Cruz et al., 2011; Herrero & Meseguer, 
2013). In these systems, the embryo is monitored for the whole 
pre‐implantation embryonic development period of 5 days by 
taking images every 20 min (Chen, Tan, Suraj, Reijo Pera, & Shen, 
2013; Conaghan, 2014; Conaghan et al., 2013). Therefore, instead 
of static observation of the embryo development, any changes in 
the embryo morphology at specific time points can be assessed. In 
the last few years, morphokinetic analysis, including the timing of 
the pronuclei formation and the cleavage divisions, has gained im‐
portance to evaluate viability and the competence of the embryo. 
The recent studies have shown that there is a correlation between 
the timing of the embryo cleavage and implantation (Athayde 
Wirka et al., 2014; Wong, Chen, Behr, & Shen, 2013). Therefore, 
these systems enable assessment of the morphological changes in 
the embryo and selecting the best embryo with optimum cleavage 
properties for transfer. The embryos selected by the time‐lapse 
imaging systems were shown to be 15% more viable and 20% more 
likely to have a pregnancy chance (Cruz et al., 2011; Herrero & 
Meseguer, 2013). Many studies have focused on to determine the 
cleavage division timings in normal and abnormal developing em‐
bryos (Kirkegaard, Ahlström, Ingerslev, & Hardarson, 2015; Wong 
et al., 2013). Meseguer et al. (2011) have investigated the timeline 
for the cleavage divisions and suggested that the timings of 2‐cell 
to 3‐cell, 3‐cell to 4‐cell and 4‐cell to 5‐cell stages are good indi‐
cators for selecting the optimum embryo for transfer (Meseguer 
et al., 2011).

To date, there have not been any studies investigating the mor‐
phokinetic parameters and the development of pre‐implantation 
embryos obtained from azoospermia patients undergoing TESE and 
MESA. Therefore, in this study, we aimed to investigate cleavage 
timings and morphokinetic parameters in pre‐implantation embryos 
obtained from epididymal, testicular and ejaculate spermatozoa 
using time‐lapse imaging systems.

2  | MATERIAL S AND METHODS

This retrospective study was performed in patients applied for 
Bahceci ART Centre between 2011 and 2014. Ethical approval was 
granted by Yeni Yuzyil University (number: BAEK 2014/2/7). A total 
of 60 patients were included in this study. Only the patients with no 
female infertility factors, such as polycystic ovaries or endometrio‐
sis, and with normal hormonal profiles, including FSH, LH, estradiol 
(E2) and prolactin, with an age interval of 18 and 36 were included in 
this study. Furthermore, women with less than five or more than 15 
oocytes were not involved in the study. The males with no Y chro‐
mosome microdeletions or other genetic disorders with azoospermia 
were included in this study. The study group included obstructive or 
NOA undergoing TESE and MESA to obtain spermatozoa. Hormonal 
profiles (serum FSH, LH and total testosterone levels) were obtained 
for all azoospermic men. The control group involved patients with 
unexplained infertility issues and normal semen parameters accord‐
ing to WHO parameters (WHO, 2010).

2.1 | Controlled ovarian stimulation, follicle 
aspiration and denudation procedures

Controlled ovarian stimulation was performed as described previ‐
ously (Ulug, Turan, Tosun, Erden, & Bahceci, 2007). The follicles were 
aspirated when at least two follicles had reached to 18 mm in diame‐
ter. Human chorionic gonadotrophin (hCG, Ovidrelle, Merck Serono, 
UK) injection (5,000 IU) was administered for induction of the ovu‐
lation. Cumulus–oocyte complexes (COCs) were aspirated 35–36 hr 
post‐hCG administration. COCs were incubated in modified human 
tubal medium (mHTF, Irvine Scientific, CA, USA) with 10% synthetic 
serum substitute (SSS, Irvine Scintific) for 2 hr at 37°C, 6% CO2 and 
5% O2 incubator. Denudation process was performed to remove the 
granulose cells using 40 IU/ml hyaluronidase (Irvine Scientific). The 
oocytes were incubated for 1 hr in mHTF before microinjection.

2.2 | Semen analysis and sperm cell preparation for 
microinjection

The semen analysis was performed according to WHO (2010) and 
assessed by Kruger's strict criteria, reporting the volume, motility, 
viscosity, pH and the morphology (Diff Quick, Reagena, Finland). The 
sperm was prepared for the ICSI procedure by discontinuous col‐
loidal silica gel gradient (PureSperm, Nidacon, Sweeden). The sperm 
wash medium (Irvine Scientific) was used to wash the sperm pellets.
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2.3 | Sperm cell preparation following TESE and 
MESA procedures

Microdissection TESE (Micro TESE) operation was performed on 
men with NOA. Under the high power magnification (16–24X), small 
testicular tissue was obtained from more enlarged tubules. The ex‐
truded testicular tissue was washed in sperm wash medium (Irvine 
Scientific). The extruded samples were dissected using sterile insulin 
needles into small pieces to release sperm cells. Each excised sample 
was processed immediately by placing the sample in culture dishes 
and examining the presence of sperm cell at 200x magnification. The 
samples incubated in sperm wash solution with RBC lysis buffer for 
30 min to remove teased tubules, cell debris and RBCs. The samples 
were then prepared by discontinuous colloidal silica gel gradient. 
The pellet was washed using sperm wash medium.

The epididymal fluid was aspirated under direct vision and high 
magnification (10X) of epididymis using a sterile insulin injector by 
MESA technique as described previously (Bakircioglu et al., 2006). 
The sample was directly assessed using Makler counting chamber. 
The samples were then prepared by discontinuous colloidal silica gel 
gradient. Microinjection procedures were performed by ICSI.

2.4 | Microinjection and pre-implantation embryo 
development

IMSI was performed in HEPES with mHTF medium with Nomarski 
objective with 4000x magnification (Olympus IX70, Olympus IX71). 
The sperm cells were not used for the microinjection if there were 
more than one vacuole. The injected oocytes were cultured indi‐
vidually in pre‐equilibrated Embryoslides (EmbryoSlide, Unisense 
FertiliTech, Aarhus, Denmark) containing single‐step medium (SSM, 
Irvine Scientific). The embryos were cultured in the time‐lapse in‐
cubator (Embryoscope, Unisense FertiliTech) at 37°C, 6% CO2 and 
5% O2 that captures images every 20 min from seven different focal 
planes. The successful fertilisation was determined 16–18 hr post‐
insemination by observing the presence of two polar bodies and the 
formation of the two pronuclei.

2.5 | Assessment of pre-implantation embryo 
morphology and morphokinetic parameters

The embryos were analysed according to morphokinetic parameters 
(Table 1) (Ciray et al., 2014; Meseguer et al., 2011).

2.6 | Statistical analysis

Statistical analysis of Kruskal–Wallis test, one‐way ANOVA, inde‐
pendent samples test, Mann–Whitney U test was performed using 
spss‐20. The normal distribution of the data was evaluated using 
Shapiro–Wilk test. The samples that were not normally distributed, 
nonparametric analysis of Kruskal–Wallis test and Mann–Whitney 
U test, were performed. Independent samples test and one‐way 
ANOVA tests were performed for the normally distributed samples. 

Following post hoc test analysis, homogeneity of variance test was 
performed within one‐way ANOVA.

3  | RESULTS

A total of 60 patients undergoing ART treatment were included in 
this study. Twenty of the male patients were undergoing TESE, 20 
were undergoing MESA and 20 presented with normal semen pa‐
rameters analysed according to WHO (2010) criteria. Male patients 
with any genetic disorders, such as Klinefelter syndrome, Y chromo‐
some microdeletions, or vasogenic problems, and females with poly‐
cystic ovaries, endometriosis or with advanced maternal age were 
excluded from this study.

The patients' details as well as details of the collected oocytes 
and fertilisation rates are shown in Table 2. Both the maternal and 
the paternal ages of the patients were comparable in TESE, MESA 
and normospermia groups (Table 2). Similarly, the number of oocytes 
collected and the number of MII oocytes were comparable in all the 
groups (Table 2).

The results of this study showed that significantly less number 
of oocytes was fertilised by epididymal and testicular spermatozoa 
obtained following TESE and MESA procedures compared to the 
ejaculate spermatozoa (Table 3a,b). The extrusion of the second 
polar body (PB2) showed significant differences in these three study 
groups (Table 3a,b). The PB2 was extruded significantly earlier in 
embryos injected by testicular spermatozoa compared to epididymal 
and ejaculate spermatozoa (p < 0.005, Table 3a,b). The PN formation 
timings were significantly different in all three groups, and the PN 
formation was observed latest for the embryos obtained by the ejac‐
ulate spermatozoa compared to both testicular and epididymal sper‐
matozoa (Table 3a,b). The PN disappearance was observed faster for 
the embryos from ejaculate spermatozoa (at 6.77 hr), whereas the 
PN disappearance was taking the longest time period in the embryos 

TA B L E  1   Brief definitions of the morphokinetic parameters 
analysed

Time point Morphokinetic parameters

t2 Completion of division to 2‐cell‐stage embryo

t3 Completion of division to 3‐cell‐stage embryo

t4 Completion of division to 4‐cell‐stage embryo

t5 Completion of division to 5‐cell‐stage embryo

t6 Completion of division to 6‐cell‐stage embryo

t7 Completion of division to 7‐cell‐stage embryo

t8 Completion of division to 8‐cell‐stage embryo

t9+ Completion of division to more than 9‐cell‐stage 
embryo

tM The blastomeres are compacted to morueat stage

tSB Time of blastula formation

tB Formation of blastocyst
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obtained from epididymal spermatozoa (at 11.81 hr, p < 0.0005, 
Table 3a,b).

The cleavage divisions showed different timings in all three 
groups (TESE, MESA and normospermia patients). t2, t4 and t6 
timings were observed to take place at a significantly later time 
in embryos from the epidermal spermatozoa compared to both 
embryos from testicular and ejaculate spermatozoa (Table 3a, 
p < 0.0005). Similarly, the formation of blastocyst took place at a 
later time point in MESA patients relative to both TESE and nor‐
mospermia groups (p < 0.005). t3, t5, t7, t8 and t9+ stages were 
observed to occur at an earlier time period in embryos obtained 
from testicular spermatozoa compared to epididymal and ejacu‐
late spermatozoa (Table 3a, p < 0.005). The percentage of embryos 
reached to t8, morula and blastocyst stages were significantly 
higher in normospermia (76.8%, 48%, 35% respectively) patients 
compared to TESE (47.7%, 29%, 16.8% respectively) and MESA 
(41.2%, 23.7%, 17.5% respectively) groups (p = 0.0005). Moreover, 
differences were observed between durations of the cell divisions, 
especially in embryos obtained from the testicular spermatozoa 
between t4 and t8 (Table 3b).

The embryos transferred showed similar developmental poten‐
tial in terms of cavitating morula, compacting morula and blastocyst. 
The pregnancy rates were observed to be similar in the transferred 
embryos obtained from testicular and ejaculate spermatozoa (55%), 
whereas the pregnancy rate was shown to be significantly lower in 
transferred embryos obtained from epididymal spermatozoa (39%, 
p = 0.045).

The morphokinetic assessment of the transferred embryos 
that resulted in clinical pregnancy showed that the time periods of 
fertilisation, t5, t6 and t7 were longer (Tables 4 and 5, p = 0.047, 
p = 0.005, p = 0.029 and p = 0.039 respectively). Furthermore, 
duration between t3 to t5 was significantly different in embryos 
that resulted in clinical pregnancy compared to the transferred em‐
bryos that did not result in pregnancies (p = 0.014 and p = 0.038 
respectively).

4  | DISCUSSION

The most important goal in ART treatments is to increase the rate 
of take‐home baby. With the development of time‐lapse monitor‐
ing systems, selection models and algorithms have been proposed 
for embryo assessment with the hope of introducing a noninvasive 
method of selecting the best embryo with the highest implantation 
potential (Azzarello, Hoest, & Mikkelsen, 2012; Ciray et al., 2014; Dal 
Canto et al., 2012; Hlinka et al., 2012; Kirkegaard et al., 2015; Rubio 
et al., 2014). It is well established that in addition to the competence 
of the oocyte, paternal defects have an influence on the develop‐
ment of the embryo as well as the blastocyst formation (Barroso et 
al., 2009; Simon et al., 2014; Tesarik, Greco, & Mendoza, 2004). To 
our knowledge, only a few studies have investigated the morphoki‐
netic parameters and blastocyst development from the embryos ob‐
tained from males with severe infertility issues. Therefore, in this 
study, we aimed to investigate both the morphokinetic parameters 
of the embryos and the clinical pregnancy rates of patients whose 
male partners were undergoing either TESE or MESA. Our hypoth‐
esis was that the male infertility does not only cause cleavage stage 
morphological variations with different morphokinetic parameters 
but also lead to poor embryo development to the blastocyst stage.

The results of this study showed significant variation of the mor‐
phokinetic parameters in embryos according to the sperm origin. 
Previous studies have reported that when spermatozoa with small 
vacuoles (<4% of the sperm's head) were used for microinjection, a 
greater number of embryos were developed to the blastocyst stage 
(Bartoov et al., 2003; Berkovitz et al., 2006; Hazout, Dumont‐Hassan, 
Junca, Cohen Bacrie, & Tesarik, 2006; Knez, Tomazevic, Vrtacnik‐
Bokal, & Virant‐Klun, 2013; Neyer et al., 2015; Vanderzwalmen et 
al., 2008). Furthermore, significant differences were reported in the 
second cell division when comparing embryos derived from best and 
poorest sperm quality (Knez et al., 2013). Sperm‐specific activating 
protein, defects in the centrosome or nuclear deficiencies may lead 
to fertilisation failure or defects during embryo development (Knez 

TA B L E  2   The patient details, details of oocytes collected and the fertilisation rates

20 TESE patients 
(n = 20) µ ± σ

20 MESA patients 
(n = 20) µ ± σ

20 normospermia patient 
(n = 20) µ ± σ

Statistical analysis: 
Kruskal–Wallis test

Maternal age 32.10 ± 5.26 33.67 ± 5.26 31.05 ± 4.36 1.99 p = 0.369

Paternal age 36.55 ± 6.38 38.06 ± 5.02 33.05 ± 4.86 5.42 p = 0.061

Average number of oocytes retrieved 
per patient (total number)

12.05 ± 3.63 11.11 ± 6.53 11.85 ± 2.64 2.80 p = 0.247

Average number of MII oocytes per 
patient (total number)

10.20 ± 3.00 9.44 ± 6.14 10.25 ± 2.45 2.53 p = 0.282

Total number of MI oocytes (total 
number)

0.65 ± 0.81 0.89 ± 0.6 0.65 ± 0.99 1.04 p = 0.594

Total number of GV oocytes (total 
number)

1.10 ± 1.33 0.61 ± 0.61 0.5 ± 1.19 0.64 p = 0.727

Fertilisation rate per total MII injected 7.35 ± 2.30 5.89 ± 2.00 8.55 ± 2.21 10.72 p = 0.005

MESA: microsurgical epididymal sperm aspiration; TESE: testicular sperm extraction
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TA B L E  3   Results of morphokinetic data analysis in embryos obtained from testicular, epididymal and ejaculate spermatozoa

A, Morphokinetic data according to time point

Embryos obtained  
from testicular 
spermatozoa  
(TESE group)

Embryos obtained from  
testicular spermatozoa  
(MESA group)

Embryos obtained from  
ejaculate spermatozoa 
(Normospermia group)

Statistical resultsµ ± σ (n) µ ± σ (n) µ ± σ (n)

PB2 extrusion time period 3.29 ± 1.61 (151)a 4.91 ± 5.17 (109) 4.64 ± 1.59 (171) F = 12.28 p = 0.0005

PN formation time period 15.95 ± 2.18 (155)a 17.15 ± 4.67 (114)a 18.16 ± 1.61 (177)a F = 24.63 p = 0.0005

PN disappearance time period 24.68 ± 5.30 (150) 29.07 ± 7.50 (105)a 24.90 ± 3.36 (167) F = 25.44 p = 0.0005

t2 29.04 ± 5.94 (148) 32.46 ± 7.06 (107)a 29.06 ± 4.81 (171) F = 13.67 p = 0.0005

t3 36.53 ± 7.03 (146)a 40.69 ± 7.55 (105) 39.36 ± 5.90 (171) F = 13.00 p = 0.0005

t4 41.49 ± 9.13 (144) 44.33 ± 9.45 (102)a 41.45 ± 7.00 (171) F = 4.48 p = 0.0118

t5 49.66 ± 11.53 (134)a 53.89 ± 10.25 (92) 55.02 ± 9.72 (163) F = 10.13 p = 0.0005

t6 54.86 ± 12.05 (125) 60.63 ± 12.99 (82)a 57.60 ± 10.02 (163) F = 6.40 p = 0.0018

t7 59.46 ± 11.50 (94)a 69.35 ± 17.96 (68) 67.42 ± 12.68 (139) F = 13.15 p = 0.0005

t8 62.73 ± 11.92 (74)a 70.90 ± 16.57 (47) 68.31 ± 12.06 (136) F = 6.83 p = 0.0012

t9+ 71.40 ± 15.25 (45)a 81.30 ± 18.93 (24) 82.05 ± 10.17 (32) K–W = 12.99 p = 0.0015

Morula formation time period 84.71 ± 14.06 (45) 94.38 ± 15.25 (27) 89.41 ± 12.28 (85) K–W = 4.76 p = 0.0924

Blastocyst formation time period 99.10 ± 9.89 (26) 111.05 ± 12.43 (20)a 99.07 ± 8.90 (62) K–W = 13.88 p = 0.0009

B, Morphokinetic data of the cell division durations in TESE, MESA and normospermia patients

Time period (hr) Embryos obtained 
from testicular 
spermatozoa  
(TESE group)

Embryos obtained from  
testicular spermatozoa  
(MESA group)

Embryos obtained from  
ejaculate spermatozoa 
(Normospermia group)

Statistical results

µ ± σ (n) µ ± σ (n) µ ± σ (n)

Duration from PB2 extrusion to PN 
formation

12.72 ± 2.48 (147) 12.31 ± 2.93 (105) 13.49 ± 2.22 (171)a F = 08.05 p = 0.0005

Duration from PN formation to PN 
disappearance

9.15 ± 5.06 (139)a 11.81 ± 6.23 (104)a 6.77 ± 3.54 (167)a F = 34.81 p = 0.0001

Duration from PB2 extrusion to PN 
disappearance

21.42 ± 5.44 (149) 24.09 ± 5.62 (105)a 20.28 ± 3.44 (167) F = 20.54 p = 0.0001

Duration from PN disappearance 
to morula formation

61.74 ± 12.55 (45) 67.27 ± 15.12 (27) 65.18 ± 11.61 (82) K–W = 1.31 p = 0.5190

Duration from morula to blastocyst 
formation

14.56 ± 8.44 (26) 16.44 ± 14.42 (16) 12.66 ± 7.5 (62) K–W = 0.81 p = 0.6688

Duration from PN formation to t2 12.74 ± 5.43 (144)a 15.66 ± 7.25 (107)a 10.92 ± 4.92 (171)a F = 22.21 p = 0.0001

Duration from PN disappearance 
to t2

4.51 ± 3.89 (148) 3.95 ± 2.81 (104) 4.12 ± 2.80 (167) F = 1.03 p = 0.3561

Duration from t2 to t3 7.81 ± 6.53 (146) 8.28 ± 5.61 (105) 10.30 ± 4.65 (171)a F = 8.75 p = 0.0005

Duration from t2 to t4 12.72 ± 6.99 (144) 12.07 ± 7.92 (102) 12.39 ± 5.99 (171) F = 0.27 p = 0.7613

Duration from t3 to t4 5.29 ± 7.04 (144) 3.88 ± 6.37 (102) 2.09 ± 4.91 (171)a F = 11.03 p = 0.0005

Duration from t3 to t5 13.81 ± 8.27 (134) 13.94 ± 8.37 (92) 16.28 ± 8.29 (163)a F = 4.02 p = 0.0187

Duration from t4 to t8 24.61 ± 8.87 (74)a 29.76 ± 15.11 (47) 28.44 ± 11.06 (136) F = 3.79 p = 0.0241

Duration from t5 to t8 16.24 ± 8.77 (74) 19.66 ± 14.89 (47) N 14.93 ± 9.86 (136) F = 3.44 p = 0.0337

Duration from t8 to morula 
formation

22.03 ± 12.33 (34) 19.16 ± 12.69 (16) 24.19 ± 12.80 (76) K–W = 2.84 p = 0.2415

Note. N indicates statistical significance only in embryos obtained from ejaculate spermatozoa relative.
F indicates that the statistical analysis was performed by one‐way ANOVA.
K–W indicates that the statistical analysis was performed by Kruskal–Wallis test
MESA: microsurgical epididymal sperm aspiration; TESE: testicular sperm extraction
aIndicates statistical significance among all three groups. 
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et al., 2013). The cleavage divisions and the durations of the divi‐
sions showed differences in embryos obtained from spermatozoa by 
TESE, MESA and ejaculation. The time needed for embryos to reach 

the stage with 5, 6, 7, 8 and 9 blastomeres was shorter in embryos 
obtained using testicular spermatozoa. However, the duration for 
the blastocyst formation was shown to take a longer time period for 

Positive 
pregnancy 
group (n = 29)

Negative 
pregnancy group 
(n = 29)

Mann–Whitney U testµ ± σ µ ± σ

Maternal age 31.45 ± 5.18 33.00 ± 4.75 z = 0.85 p = 0.395

Paternal age 34.90 ± 5.41 36.72 ± 6.09 z = 1.01 p = 0.315

Total number of oocytes 11.45 ± 3.52 11.93 ± 5.24 z = 0.16 p = 0.876

Average number of MII 
oocytes

9.75 ± 3.13 10.17 ± 4.84 z = 0.29 p = 0.772

Percentage of MII oocytesa 0.86 ± 0.12 0.85 ± 0.11 z = 0.55 p = 0.578

Average number of MI 
oocytes

0.52 ± 0.78 0.93 ± 0.99 z = 1.67 p = 0.095

Percentage of MII oocytesb 0.04 ± 0.05 0.07 ± 0.09 z = 1.67 p = 0.095

Average number of GV 
oocytes

1.03 ± 1.23 0.76 ± 0.95 z = 0.66 p = 0.509

Percentage of DV oocytesc 0.08 ± 0.09 0.07 ± 0.08 z = 0.69 p = 0.485

Normal fertilisation 7.86 ± 2.41* 6.76 ± 2.29 z = 1.99 p = 0.047

Normal fertilisation (%)d 0.82 ± 0.14 0.72 ± 0.22 z = 1.55 p = 0.121

Note. The asterisk indicated significance for that specific group.
aNumber of MII is divided by the total number of oocytes. bNumber of MI is divided by the total 
number of oocytes. cNumber of GV is divided by the total number of oocytes. dNumber of fertilised 
oocytes is divided by the number of injected MII oocytes. 

TA B L E  4   Table summarising the 
patient details according to the pregnancy 
outcomes

Time period (hr)

Positive 
pregnancy

Negative 
pregnancy

Statistical comparisonµ ± σ (n) µ ± σ (n)

Duration of the PB2 
extrusion

3.96 ± 1.93 (44) 3.70 ± 1.31 (42) t = 0.73 p = 0.462

Duration of the PN 
formation

17.05 ± 2.06 (46) 16.98 ± 1.82 (44) t = 0.15 p = 0.877

Duration of the PN 
disappearance

24.66 ± 3.83 (43) 24.35 ± 4.08 (42) t = 0.36 p = 0.714

Duration from PN 
formation to t2

29.07 ± 5.12 (44) 28.10 ± 4.98 (44) t = 0.89 p = 0.372

Duration from t2 to t3 38.64 ± 3.88 (44) 37.94 ± 6.29 (44) t = 0.63 p = 0.529

Duration from t3 to t4 41.27 ± 6.21 (43) 39.77 ± 5.34 (43) t = 1.20 p = 0.231

Duration from t4 to t5 53.54 ± 6.69 (42)* 49.02 ± 7.48 (39) t = 2.86 p = 0,005

Duration from t5 to t6 56.13 ± 8.19 (41)* 52.22 ± 7.48 (39) t = 2,22 p = 0.029

Duration from t6 to t7 63.98 ± 11.82 (35)* 58.70 ± 8.47 (33) t = 2.10 p = 0.039

Duration from t7 to t8 64.70 ± 8.69 (29) 62.20 ± 9.27 (29) z = 1.42 p = 0.155

Duration from t8 to 
morula formation

87.98 ± 11.18 (23) 81.88 ± 13.22 
(19)

z = 0.95 p = 0.343

Duration from morula to 
blastocyst formation

98.48 ± 6.95 (21) 99.48 ± 8.35 (10) z = 0.38 p = 0.704

Note. t indicates that the statistical analysis was performed by independent samples test.
z indicates that the statistical analysis was performed by Mann–Whitney U test.
PB2: second polar body. Note. The asterisk indicated significance for that specific group.

TA B L E  5   Morphokinetic data of the 
positive and negative pregnancy 
outcomes
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this group of patients. The embryos obtained from MESA patients 
were shown to produce pronucleus at an earlier time with longer 
duration for pronucleus disappearance, t2, t4, t6 and blastocyst 
formation. Although there have not been any studies investigating 
the morphokinetic parameters of embryos obtained from TESE and 
MESA patients, the morphokinetic parameters and the implanta‐
tion rates of the embryos obtained by ejaculate spermatozoa were 
in agreement with previously published studies (Desai et al., 2014). 
Fertilisation and pregnancy rates using ejaculated or testicular sper‐
matozoa showed similar results (Ghazzawi, Sarraff, Taher, & Khalifa, 
1998). However, in this study, the development of the embryos up 
to the blastocyst stage is significantly lower in embryos obtained 
from testicular spermatozoa. Similar observations were also re‐
ported previously, in such testicular spermatozoa resulted in lower 
fertilisation rates with poor embryo development (Pasqualotto et al., 
2002; Rossi‐Ferragut et al., 2003). Furthermore, this study showed 
that epididymal spermatozoa obtained by MESA yielded even lower 
fertilisation rates than testicular spermatozoa. Interestingly, it has 
been reported that embryos obtained from MESA patients have 
more complex genetic abnormalities compared to the embryos ob‐
tained from patients with normal semen parameters (Weng et al., 
2014). Sperm maturation occurs in the testis and is completed in 
the epididymis. During spermatogenesis, sperm chromatin histones 
are replaced by protamine and the sperm undergoes morphologi‐
cal changes (Robaire, Hinton, & Orgebin‐Crist, 2006; Zini, Zhang, 
& San Gabriel, 2008). The sperm gains motility during the epididy‐
mal maturation. Furthermore, the epididymal sperm maturation in‐
cludes stabilisation of condensed chromatin, changes of the plasma 
membrane and production of surface proteins (Cornwall & Horsten, 
2007). Therefore, the epididymal spermatozoa are considered to be 
more mature compared to the testicular sperm. However, the lower 
fertilisation rates and poorer embryo development were reported in 
the embryos obtained by epididymal spermatozoa that can be ex‐
plained by a possible presence of aneuploidy or DNA damage. It is 
possible that since the spermatozoa obtained by MESA may be pres‐
ent in the epididymis for a longer period of time, they are more prone 
to DNA damage leading to higher rates of aneuploidy.

In conclusion, this study showed significant differences in the 
development of embryos in which origins of spermatozoa were dif‐
ferent. As a result, MESA procedure in obstructive azoospermia be‐
comes highly controversial since the time needed to reach blastocyst 
stage is longer and the blastocyst and pregnancy rates are lower. 
Therefore, this study may suggest that use of TESE may be the pre‐
ferred option.
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