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Abstract 

Background: Non-obstructive azoospermia (NOA), marked by impaired sperma-

togenesis, poses challenges in assisted reproduction. Limited data exist comparing 

chromosomal integrity of testicular versus ejaculated sperm. This study aimed to 

compare embryo morphokinetics, fertilization abnormalities, and PGT-A outcomes 

between embryos from ejaculated and testicular sperm in NOA cases. 

Methods: This retrospective study analyzed 397 patients from two IVF centers 

(2015–2023), with 317 using ejaculated sperm and 80 using testicular sperm from 

NOA patients. Fertilization patterns (2PN, 1PN, ≥3PN), embryo morphokinetics, and 

aneuploidy rates were assessed. Logistic regression examined factors influencing 

aneuploidy including male and female age, recurrent implantation failure (RIF), 

hormone levels, and oocyte quality, while chi-square and t-tests compared groups, 

with significance at p<0.05. 

Results: Embryos derived from testicular sperm developed faster than those from 

ejaculated sperm (p<0.05). The 2PN fertilization rate was significantly lower, while 

the 1PN rate was higher in the testicular sperm group (10.1% vs. 16.4%, p=0.020). 

The rates of ≥3PN anomalies and embryo aneuploidy were similar between groups 

(p>0.05). Logistic regression identified male age (p=0.001), female age (p=0.007), 

and RIF (p=0.047) as significant predictors of aneuploidy. 

Conclusion: Our study identified advanced parental age and RIF as key predictors 

of embryo aneuploidy. PGT-A may improve outcomes, especially for older patients 

or those with RIF, regardless of sperm origin. Embryos from testicular sperm in 

NOA patients develop faster morphokinetically but show a higher rate of 1PN 

fertilization than those from ejaculated sperm. 
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Introduction 

t is known that approximately 5-10% of men 

evaluated for infertility are azoospermic (1). 

NOA is usually associated with testicular  
 

 

 
 

 

dysfunction, often resulting from disorders in the 

hypothalamic-pituitary axis (2). NOA is believed 

to account for one percent of azoospermic cases 
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and the use of ICSI has increased the success rates 

in these cases (3, 4). 

Microdissection testicular sperm extraction (mi-

cro-TESE) is recognized as the most appropriate 

technique for surgical sperm retrieval in NOA 

cases. Schlegel reported that micro-TESE re-

moved significantly less testicular tissue and ob-

tained a higher rate of sperm compared to conven-

tional TESE (5). Meta-analysis studies also show-

ed that micro-TESE was more successful (6). 

Sperm retrieval rates in micro-TESE cases are 

influenced by testicular histology, with the highest 

success rates typically observed in cases of hypo-

spermatogenesis (7-9). NOA is thought to account 

for one percent of male infertility (10). Cytoge-

netic evaluation with karyotyping shows that ap-

proximately 5% of men with NOA have cytoge-

netic abnormalities (11). Non-mosaic Klinefelter 

syndrome (47, XXY) is the most frequently de-

tected cytogenetic abnormality (12, 13). Other 

cytogenetic abnormalities detected in azoospermic 

men include Robertsonian translocations, recipro-

cal translocations, and chromosomal inversions 

(14). Some of these genetic disorders are thought 

to predispose sperm and embryos to aneuploidy, 

which may affect the genetic health of offspring 

developed with assisted reproductive technology 

(ART). Men with NOA, associated with primary 

testicular failure, may also carry Y chromosome 

microdeletions. Hypogonadotropic hypogonadism 

is also found in some cases, and these patients can 

be treated with exogenous hormones (15). Tests 

within this scope require mutation analyses, par-

ental genetic structure, and PGT-A screening for 

embryo aneuploidy. 

Testicular sperm, despite having the ability to 

fertilize an oocyte after intracytoplasmic sperm 

injection (ICSI), are immature due to the lack of 

epididymal passage. Testicular sperm are thought 

to differ from ejaculated sperm in terms of 

chromatin maturity, frequency of DNA damage, 

and RNA content. Furthermore, the biological 

effects of using testicular sperm on fertilization, 

preimplantation embryo development, and post- 

implantation development are not fully under-

stood. In our previous study examining time-lapse 

embryo development in cases of obstructive 

azoospermia, faster developmental kinetics were 

observed in embryos derived from TESE-obtained 

sperm (16). It has been shown that the risk of 

chromosomal abnormalities is high in embryos 

obtained after fertilization with testicular sperm 

(17, 18). However, the fact that similar pregnancy 

rates and live birth outcomes were achieved when 

ejaculated sperm was used after treatment high-

lights the importance of proper embryo selection. 

Considering that sperm obtained with micro-TESE 

develop in different environments, it is assumed 

that hormonal disorders, deficiencies in the pituit-

ary-hypothalamic axis, and biological differences 

may influence the processes of embryo develop-

ment (19).  

Time-lapse embryo observation accounts for a 

higher embryo development rate than traditional 

methods. The findings related to this technique 

have increased the success of embryo selection 

based on high implantation ability, particularly 

regarding the timing of cell cycles associated with 

embryo compaction and blastulation. Understand-

ing the effects of sperm origin and morphological 

or physiological characteristics on cell cycles is 

crucial in unraveling the paternal effect. Sperm 

origin and paternal influences have not been con-

sidered in previous studies.  

In this study, an attempt was made to investigate 

the differences in human preimplantation embryo 

development after ICSI using testicular sperm 

(micro-TESE-ICSI) and ejaculated sperm in non-

obstructive azoospermia cases and to compare all 

parameters from fertilization to aneuploid embryo 

development. The study primarily focused on 

cases of non-obstructive azoospermia, comparing 

the growth rates and developmental stages of pro-

nuclei (PN), morulae, and blastocysts. 

 

Methods 

Study design and participants: Data from couples 

undergoing a micro-TESE-ICSI cycle or an ICSI 

cycle with ejaculated sperm, combined with time-

lapse embryo culture, were retrospectively analyz-

ed at the Bahçeci IVF Center and Eurofertil IVF 

Center in Istanbul from 2015 to 2023. All pro-

cedures were performed in accordance with re-

levant laws and institutional regulations, and ap-

proval was obtained from the Istanbul Yeni 

Yüzyıl University’s Clinical Research Ethics 

Committee (approval number: 06.02.2024/11). In-

dications for ICSI using ejaculated sperm in-

cluded male factor infertility or a previous IVF 

cycle that resulted in total fertilization failure 

(TFF), both of which were part of the inclusion 

criteria. Only cycles containing autologous, fresh 

oocytes, and eight or more embryos were included 

in the study, with 3 to 4 transferable embryos 

from each case subjected to PGD. Data from 

couples who underwent more than one cycle 
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during the study period were included, starting 

with their first available treatment cycle. Cases of 

PCOS and endometriosis were excluded from the 

study. In our study, 317 cases involving ejaculated 

sperm and 80 NOA cases with a single cycle, 

including PGD, were examined, and a total of 

1598 embryos were evaluated with time-lapse 

results.  
 

Testicular sperm retrieval, NOA, and ejaculated 

sperm processing: Testicular sperm extraction was 

performed under local anesthesia with a standard 

open surgical biopsy technique. A 2-centimeter 

transverse scrotal incision was made. The tunica 

albuginea was incised for 1 cm, and a small frag-

ment of testicular tissue was excised with sharp 

scissors and placed in HEPES-buffered human 

tubal fluid (HTF) culture medium supplemented 

with 5% (w/v) human serum albumin (HSA; 

Sigma-Aldrich, Germany) (20). Testicular tissue 

consisting of seminiferous tubules was dissected 

using sterile insulin syringes. Then, the spermato-

genic cell suspension was washed with HTF fol-

lowed by centrifugation at 1500 rpm for 10 min. 

The pellet was resuspended in 1 milliliter (ml) 

HTF and subsequently diluted 1:1 with cryopro-

tectant and cryopreserved in straws (Cryo Bio 

System, France) by placing them in liquid nitro-

gen vapor. Before use, testicular sperm cells were 

thawed and washed with 5 ml HTF, supplemented 

with 10% HSA and centrifuged at 1200 rpm for 5 

min. The remaining pellet was resuspended in 1 

ml HTF/10% HSA, carefully layered on top of 1 

ml 40% PureSperm (Nidacon International AB, 

Sweden) and centrifuged at 2000 rpm for 15 min. 

The upper layer of the gradient was removed, 

leaving only the soft pellet. This was washed in 5 

ml HTF and stored at 35°C for a minimum of 1.5 

hr. An ICSI dish was prepared containing 50 µl 

drops of HTF under liquid paraffin oil, and the 

purified spermatogenic cells were pipetted into 

the drops. The best-quality sperm cells, based on 

motility and morphology, were selected under an 

inverted microscope (Nikon, Japan) at 200–400 

times magnification. 

Ejaculated semen samples were left to liquefy 

and sperm concentration and motility were deter-

mined. They were subsequently processed by 

density centrifugation, using a 40–80% Pure-

Sperm density gradient (Nidacon International 

AB, Sweden) according to the manufacturer’s in-

structions. The resulting soft pellet was washed 

twice in HTF medium and isolated spermatozoa 

were stored at room temperature until the ICSI 

procedure. Sperm samples were categorized ac-

cording to the World Health Organization’s la-

boratory manual (21).  
 

Ovarian stimulation, oocyte collection, and oocyte 

injection: Ovarian stimulation protocols have been 

standardized at our center, and the distribution of 

the Gonadotropin releasing hormone (GnRH)-

agonist or antagonist protocol reflects policy 

changes over time, rather than patient selection. 

For controlled ovarian stimulation, recombinant 

follicle stimulating hormone (rFSH) (Gonal-f; 

Merck, Switzerland), a combination of rFSH and 

recombinant luteinizing hormone (rLH) (Luveris; 

Merck, Switzerland), or human menopausal gona-

dotropin (hMG) (Ferring, Switzerland) was used. 

GnRH antagonist (Cetrotide; Merck-Serono, Ger-

many or Orgalutran; MSD, Germany) was ad-

ministered when at least one follicle reached ≥14 

mm. Follicular development was monitored by 

ultrasonography at regular intervals. When at least 

two dominant follicles measuring 17 mm were 

observed, transvaginal ultrasound-guided oocyte 

retrieval (OPU) was planned within 36 hr after the 

injection of human recombinant chorionic gona-

dotropin (hCG) (Pregnyl; Organon, the Nether-

lands), which was used as a trigger for final fol-

licular maturation. Ovum pick-up was scheduled 

according to standardized criteria. For ICSI with 

ejaculated sperm, metaphase II (MII) oocytes 

were injected with motile spermatozoa. For ICSI 

with testicular sperm, MII oocytes were injected 

with either motile testicular spermatozoa or im-

motile but viable testicular spermatozoa, as select-

ed by 1% pentoxifylline in HTF-Hepes. 
 

Embryo culture, selection, and transfer: Injected 

oocytes were placed in separate wells of Embryo-

Slide culture dishes (Vitrolife, Sweden) and cul-

tured in SAGE 1-Step medium (Origio, Denmark) 

at 36.8°C, 7% O2, and 5% CO2 in an Embryo-

Scope time-lapse incubator (Vitrolife, Sweden). 

Embryo transfer was performed on day five after 

fertilization. According to the directives of the 

Republic of Türkiye Ministry of Health, it is a 

standard practice to perform single embryo trans-

fer (SET). Only women aged 35 years and older 

without medical contraindications or women un-

dergoing their third or subsequent treatment 

cycles may opt for double embryo transfer. Em-

bryo selection for transfer was assisted by time-

lapse imaging.  
 

Time-lapse imaging and evaluation: EmbryoScope 

(Vitrolife, Sweden) automatically captures images 
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at seven focal planes every 10 min. This study in-

cluded an analysis of the acquired video record-

ings. For both micro-TESE-ICSI with NOA and 

ICSI with ejaculated sperm, t=0 was defined as 

the time of injection of the last oocyte, and the 

entire procedure took between 20 and 50 min, 

depending on the number of oocytes. Manual 

annotations were recorded by trained laboratory 

personnel according to the instructions. The time 

of pronuclear appearance (tPNa), number of pro-

nuclei (PN), the first frame in which both pro-

nuclei faded (tPNf), and the timing of reaching the 

2, 3, 4, 5, 6, 7, and 8 cell stages (t2, t3, t4, t5, t6, 

t7, t8, tM, and tB) were recorded. Additionally, 

the juxtaposition of the pronuclei was noted (pro-

nuclei time 1). 
 

Embryo biopsy and PGT analysis: On day 3, artifi-

cial hatching was performed in the zona pellucida 

using a diode laser (RI Saturn 3; CooperSurgical, 

UK). On day 5/6, five to eight cells from the 

trophectoderm were transferred into a 30 mm 

inner diameter biopsy pipette (Origio, Denmark). 

Next-generation sequencing (NGS) was utilized 

for PGT-A analysis with ReproSeq kit (Thermo 

Fisher Scientific, USA) and the Ion Torrent S5 

System (Thermo Fisher Scientific, USA) follow-

ing the manufacturer's instructions. Genetic ana-

lyses were conducted using the Ion Reporter soft-

ware package v5.2 and v5.6 (Thermo Fisher Sci-

entific, USA). 
 

Statistical analysis: Logistic regression analysis 

was used to investigate the proportional distri-

bution of fertilization outcomes and anomalies in 

patient data, the time from fertilization to the blas-

tocyst stage, aneuploidy rates in embryos derived 

from NOA and ejaculated sperm, and factors 

influencing PGT-A results including male and 

female age, recurrent pregnancy loss, treatment 

protocols, hormone levels, oocyte quality, and 

time-lapse imaging data. Chi-square and t-tests 

were used to analyze the research data. Baseline 

data were tested for normality. If continuous data 

did not meet the normality assumption, the Mann–

Whitney U test was performed, and estimates 

were reported as medians with interquartile 

ranges. Categorical data were analyzed using the 

Chi-square test or Fisher’s exact test, and t-tests. 

Logistic regression analysis was employed to 

control for potential confounding factors. Odds 

ratios and 95% confidence intervals were calcu-

lated. All statistical analyses were performed 

using the SPSS software, vs. 24 (IMB, USA). 

Two-sided p<0.05 were considered statistically 

significant. 

 

Results 

Table 1 shows the distribution of ejaculated and 

testicular sperm cases according to the indication 

and PGD results. Fertilization rates and fertiliza-

tion anomalies with ejaculated and testicular 

sperm are presented in table 2. According to these 

results, the 1PN fertilization rate was significantly 

higher in the testicular sperm group (p=0.006). 

Table 3 shows normal and abnormal PGD results 

depending on the age of men and women. Table 4 

shows the time-lapse results. According to these 

results, the developmental processes of ejaculated 

sperm are longer than those of testicular sperm 

(p<0.01). When the cases were evaluated ac-

cording to male and female ages, normal embryos 

belonged to younger cases in both groups (p= 

0.001, p=0.001) (Table 3). Based on the analysis 

of 317 cases with PGD indication, comparison of 

the groups with and without genetic anomalies 

revealed that tPNa and pronuclei time 1 were 

significantly longer in the absence of aneuploidy 

(p=0.028 and p=0.037) (Table 5). The effects of 

oocyte morphology, embryo morphokinetic char-

acteristics, female and male age, and female 

diagnosis on PGD results were examined using 

logistic regression analysis. When the backward 

logistic regression method was applied, only the 

woman’s age was found to influence the PGD 

outcome. On the other hand, when the variables 

were applied separately using the Enter method of 

logistic regression analysis, female age, male age, 

and recurrent pregnancy loss were found to in-

fluence the PGD result (Tables 6 and 7). No re- 

 

Table 1. Rates and comparisons of cases included in the study 
 

 Ejaculated 

n (%) 

Testicular 

n (%) 
p-value * 

Indication 

NORMO 72 (22.6%) - 

0.001 
AT 174 (55.1%) - 

OAT+OT 71 (22.3%) - 

Azoospermia - 80 (100.0%) 

PGD 

Abnormal 205 (64.6%) 65 (81.3%) 
0.154 

Normal 112 (35.4%) 15 (18.7%) 
 

* Chi-square test 
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lationship was found between oocyte morphology 

and embryo morphokinetic characteristics. Age 

and RIF were found to be associated with ne-

gative PGD results. The abnormality of PGD re-

sults increased by 1.161 times in women and 

1.095 times in men, depending on age. Repeated 

implantation failure increased PGD abnormality 

by 2.675 times (Tables 6 and 7). 

 

Discussion 

In this study, the differences in human preim-

plantation embryo development were investi-

gated following ICSI using testicular sperm ob-

tained through TESE compared to ejaculated 

sperm. The study focused on cases of non-ob-

structive azoospermia, comparing the growth rates 

and developmental stages of pronuclei, morulae, 

and blastocysts. It is known that approximately 5-

10% of men evaluated for infertility are azoo-

spermic. NOA cases are often associated with 

testicular dysfunction resulting from disorders in 

the hypothalamic-pituitary axis (2). With the in-

troduction of ICSI, testicular sperm is increasingly 

used in in vitro fertilization treatment and is 

known to increase success rate (3). Testicular 

sperm differs from ejaculated sperm in terms of 

chromatin maturity, DNA damage frequency, and 

RNA content (22). Testicular sperm can fertilize  

 

Table 2. Comparison of patient-based fertilization rates and embryo cleavage  

outcomes 
 

 
Ejaculated (n=317) Testicular (n=80) 

p-value * 
Mean±SD Mean±SD 

Women age 31.55±3.84 31.6±3.97 0.86 

MII 6.88±5.20 6.34±4.55 0.347 

2PN (%) 0.82±0.18 0.74±0.13 0.044 

1PN (%) 0.16±0.10 0.21±0.09 0.006 

3PN and more (%) 0.02±0.25 0.05±0.36 0.872 

2PN cleavage (%) 0.87±0.19 0.83±0.23 0.17 
 

* Mann-Whitney U test 

 

Table 3. Evaluation of female and male age according to 

PGD results 
 

 
Normal 

(n=205) 

Abnormal 

(n=117) p-value * 

Mean±SD Mean±SD 

Female age 35.39±4.28 38.66±4.51 0.001 

Male age 38.01±5.44 40.67±6.59 0.001 
 

* Independent samples t-test 

 

Table 4. Time-lapse evaluation of ICSI results performed with ejaculated and testicular 

sperm 
 

Time point 
Ejaculated (n=317) Testicular (n=80) 

p-value * 
Mean±SD Mean±SD 

tPNa 10.48±5.2 8.79±2.21 0.003 

tPNf 25.8±7.04 23.83±4.05 0.013 

t2 28.05±6.14 26.88±5.51 0.116 

t3 36.72±7.86 34.16±7.46 0.020 

t4 39.91±8.32 36.69±8.45 0.002 

t5 48.26±10.4 44.28±10.96 0.002 

t8 60.74±12.12 56.02±10.35 0.003 

tM 92.28±9.95 87.38±10.98 0.003 

tSB 99.99±9.5 95.65±6.98 0.009 

Pronuclei time 1 15.94±4.87 14.51±2.98 0.008 
 

* Independent samples t-test 
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oocytes after ICSI, but they are often immature 

since they are retrieved before undergoing the 

epididymal transport process. Despite several 

studies, the biological effects of using testicular 

sperm on fertilization, preimplantation embryo 

development, and postimplantation development 

are not yet fully understood (16, 23, 24). In this 

study, time-lapse embryo culture was used to 

Table 5. Means and comparisons of PGD normal and abnormal cases 
 

Time points 
Normal (n=205) Abnormal (n=117) 

p-value * 
Mean±SD Mean±SD 

tPNa 9.89±1.57 9.02±2.04 0.028 

tPNf 24.13±2.83 23.88±2.82 0.442 

t2 26.63±2.95 26.39±3.22 0.512 

t3 36.73±4.41 36.53±4.96 0.736 

t4 38.87±4.46 38.36±4.52 0.334 

t5 49.74±7.46 48.32±7.05 0.106 

t8 59.33±8.55 58.61±8.02 0.477 

tM 89.12±7.95 88.31±8.38 0.402 

tSB 97.32±8.41 95.98±7.74 0.167 

Pronuclei time 1 16.60±2.83 14.90±2.67 0.037 
 

     * Independent samples t-test 

 

Table 6. Effect of age and female diagnosis on abnormal PGD report 
 

 p-value OR 
95%CI for OR 

Lower Upper 

Step 1     

Female age 0.001 1.150 1.071 1.235 

Male age 0.681 1.013 0.953 1.077 

Low ovarian reserve 0.138 - - - 

Recurrent implantation failure 0.048 2.666 1.008 7.051 

Unexplained infertility 0.295 1.344 0.773 2.339 

Constant 0.001 0.004 - - 

Step 2     

Female age 0.001 1.161 1.100 1.227 

Low ovarian reserve 0.136    

Recurrent implantation failure 0.047 2.675 1.012 7.072 

Unexplained infertility 0.299 1.341 0.771 2.332 

Constant 0.001 0.005 - - 

Step 3     

Female age 0.001 1.142 1.085 1.201 

Constant 0.001 0.011 - - 
 

OR: Odds ratio 
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examine these possible differences. Embryos re-

sulting from couples treated with micro-TESE-

ICSI (n=80) were analyzed and compared with 

embryos derived from couples treated with ejacu-

lated sperm ICSI (n=397). In our study, embryos 

treated with micro-TESE sperm had shorter de-

velopmental times. It was also found that micro-

TESE embryos had more 1PN and fewer 2PN 

embryos. Our results provide insight into the bio-

logical differences between testicular and ejacu-

lated sperm and their implications for human ferti-

lization. The influence of sperm origin on em-

bryonic development and pregnancy outcome has 

received considerable attention. There are many 

conflicting reports regarding the influence of male 

factor infertility and sperm origin on embryo 

growth potential following ICSI and post-fertiliza-

tion. Among the studies employing time-lapse 

microscopy (TLM) to analyze the influence of 

azoospermia and sperm origin on embryo de-

velopment, Lammers et al. analyzed 48 cycles (32 

testicular and 14 epididymal cycles) using surgi-

cally retrieved sperm and compared the morpho-

kinetic and clinical outcomes with those observed 

in 556 cycles involving ejaculated sperm (25). In 

their study, the mean timings for pronuclear stage 

(cc2), initial compression (tSC), beginning of 

blastulation (tSB), and blastocyst formation (tB) 

were significantly delayed in cycles using surgi-

cally retrieved sperm.  

However, there was sufficient overlap in the 

distribution of timings and no individual markers 

were found to predict outcome. The researchers 

concluded that the morphokinetic analysis did not 

identify any clinically relevant differences. Our 

research is one of the studies that used morpho-

kinetic criteria to characterize paternal influence 

on embryonic development. TLM showed that 

embryos derived from micro-TESE exhibited sig-

nificantly different kinetic behaviors than em-

bryos derived from ejaculated sperm without male 

factors. In this study, when non-obstructive azoo-

spermia cases were compared with controls re-

ceiving ejaculated sperm, embryos derived from 

testicular sperm developed faster than embryos 

derived from ejaculated sperm. The same result 

was obtained in another study conducted in 2019 

(16). The reason the results of Lammers et al. 

could not be obtained may be explained by the 

presence of asthenospermia in some of the ejacu-

lated sperm cases (25). In contrast, oligoastheno-

teratozoospermia was exhibited by others, along 

with the inhomogeneity of the ejaculated group. 

Furthermore, when the fertilization rates and ano-

malies were taken into account, it was observed 

that 1PN fertilization was high in NOA cases. It is 

hypothesized that 1PN zygotes result from 

parthenogenetic activation of either paternal or 

maternal material, or as a result of abnormalities 

in nuclear envelope formation, such as asyn-

chrony of pronuclear appearance, delayed pro-

nuclear formation, or fusion of male and female 

pronuclei (26). The formation of a haploid em-

bryo in the oocyte would be led by partheno-

genetic activation. In a study on haploids showing 

only 1PN, Dozortsev et al. found that an un-

condensed sperm nucleus was detected alongside 

1PN in 45–86% of 1PN zygotes (27, 28). In 

contrast, van der Heijden et al. showed that some 

1PN zygotes are of paternal origin and result from 

the fusion of parental chromatin, usually occuring 

after sperm penetration (29). On the other hand, if 

asynchrony or fusion of male and female pro-

nuclear cells occurs during pronuclear formation, 

fertilization is carried out, and the resulting em-

bryos can become diploid (29). According to 

Desai et al., the developmental potential of 1PN 

zygotes is also much lower than 2PN zygotes 

Table 7. Effect of age and female diagnosis on abnormal PGD report 
 

 p-value OR 
95%CI for OR 

Lower Upper 

Female age 0.001 1.161 1.100 1.227 

Male age 0.001 1.095 1.048 1.144 

Low ovarian reserve 0.136 1.452 0.657 9.012 

Recurrent implantation failure 0.047 2.675 1.012 7.072 

Unexplained infertility 0.299 1.341 0.771 2.332 
 

OR: Odds ratio 
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(24). It has been suggested that this may be 

attributed to the fact that many 1PN zygotes are 

haploid. In contrast, Liao et al. reported that 

74.6% of 1PN zygotes derived from IVF and ICSI 

developed to the blastocyst stage and were diploid 

(30). Hirata et al. also examined the aneuploidy of 

1PN zygotes. They observed that 1PN zygotes 

that developed to the blastocyst stage underwent a 

process similar to that of 2PN zygotes and ex-

hibited identical pregnancy rates (31). Time-lapse 

technology has been used to monitor and track 

embryo development since 2011. The fertilization 

process starts with the extrusion of the second 

polar body (IIPB), followed by pronucleus for-

mation, effacement, progression to the 2-cell 

stage, 4-8-cell stage, morula, and ultimately the 

blastocyst. Many models have been developed for 

these time intervals, and the implantation process 

has been predicted based on them (32). In a 

hierarchical model, morphological screening is 

based on a combination of the absence of ex-

clusion criteria, the timing of cell divisions, and 

their synchronization. Subsequent studies have 

demonstrated that no single model can be 

universally applicable for embryoscopic follow-

up. Other parameters can be added to artificial 

intelligence programs (33). So far, only a few 

studies have used TLM to assess embryo de-

velopment in azoospermic patients (34). Desai et 

al., in a survey conducted in 2018, showed that no 

difference was found in the clinical pregnancy 

rate among the three groups after the transfer of 

embryos developed as a result of ICSI with TESE, 

PESA, and ejaculated sperm (control) (24). A 

non-significant decrease in implantation (30.9%) 

and live birth rate (43%) was observed in the 

TESE group compared to the PESA (35.3%, 58%) 

and control sperm (45.1%, 56%) groups. Com-

pression failure was significantly higher in TESE-

NOA embryos (35.2%; p<0.001) compared to 

TESE-OA (4%), PESA (9%), and control sperm 

(3.8%) embryos. The two points at which TESE-

derived embryos (both NOA and OA) exhibited 

the most distinct behavior compared to PESA and 

control sperm embryos were cc2 (time from t3 to 

t2; time to the beginning of the second cell cycle) 

and tSB (time to the beginning of blastulation). A 

significantly lower percentage of TESE-derived 

embryos showed kinetics associated with high-

quality embryos having the highest developmental 

potential. Additionally, the incidence of direct 

unequal cleavage (DUC) was significantly higher 

after ICSI with sperm from azoospermic men 

(24). Our study compared the abnormality rates in 

micro-TESE embryos using ejaculated sperm, as 

analyzed by PGD. Although some studies have 

reported higher aneuploidy rates in NOA cases, 

our study did not find statistically significant dif-

ferences in abnormal embryo rates between NOA 

and micro-TESE cases (35, 36). Our study found 

that micro-TESE embryos had no significant nor-

mal and abnormal PGD results compared to con-

trols in time-lapse examinations of embryos. 

Nevertheless, they exhibited faster developmental 

timelines in time-lapse analysis. In our study, it 

was observed that sperm origins did not affect 

aneuploidy rates. It is suggested that sperm from 

NOA patients exhibit higher rates of aneuploidy, 

altered DNA compaction, and both single- and 

double-stranded DNA breaks, which are attributed 

to severe spermatogenesis failure (35, 36). Many 

researchers confirmed that aneuploidy rates in-

crease with parental age and repeated IVF failure 

(37-39). In this study, there was a positive cor-

relation between parental age and aneuploidy 

rates. In addition, logistic regression analysis 

revealed that female age, male age, and repeated 

implantation failure increased the likelihood of 

abnormal PGD results 1.161, 1.095, and 2.675 

times, respectively. It is helpful to evaluate this 

result proportionally in clinical practice. A limita-

tion of our study is that the group using ejaculated 

sperm does not consist of a homogeneous popu-

lation. Another significant limitation of this study 

was its retrospective nature. The etiology of azoo-

spermic men included in this publication could 

not be adequately controlled. The inclusion of a 

control group using normospermic sperm for ICSI 

was also essential. Furthermore, due to lack of 

adequate implantation data, a comparison of clini-

cal pregnancy and live birth outcomes with dif-

ferent sperm types could not be made, based on 

whether the transferred embryo(s) fell within op-

timal kinetic ranges. Repeating prospective rando-

mized analyses in subsequent studies has been 

found to be advantageous. 

 

Conclusion 

Embryos derived from testicular sperm in NOA 

patients exhibit significantly faster morphokinetic 

development, but are associated with a higher rate 

of 1PN fertilization compared to those derived 

from ejaculated sperm. Despite these fertilization 

anomalies, aneuploidy rates were comparable 

between groups. Advanced maternal age and 

recurrent implantation failure were identified as 
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significant predictors of embryo aneuploidy, 

regardless of sperm origin. These findings suggest 

that while testicular sperm can be effectively used 

in NOA cases, special consideration should be 

given to maternal age and history of RIF during 

the treatment planning. For older patients and 

those with RIF, PGT-A may be particularly 

valuable to guide embryo selection and improve 

clinical outcomes, irrespective of sperm origin. 
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