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ABS TRACT 
Objective: The efficiency of different sperm sorting methods for retrieving higher quality sperm cells during infertility treatment has been under 
investigation for many years. The aim of this study was to compare the effects of two commonly used sperm sorting methods on laboratory and 
clinical outcomes by using sibling oocytes. Materials and Methods: 72 female patients having a total of 1075 mature oocytes and their partners 
were included in this study. All semen samples were divided into two aliquots and prepared either by pellet swim up or single layer centrifuga-
tion before intracytoplasmic sperm injection. Mature oocytes of each patient were split into two groups; and each group was assigned to one of 
the sperm sorting methods. Results and Conclusion: The main outcome measure of the study was total blastocyst development rate whereas other 
outcome measures (fertilization rate, blastocyst development rate, embryo quality, pregnancy and implantation rate) were also compared between 
the groups as the secondary outcomes. Although pellet swim-up method demonstrated a higher blastocyst yield (total blastocyst development and 
blastocyst utilization rate) compared to single layer centrifugation in our study, the difference did not reach a statistical significance level (p>0.05). 
Moreover, no significant differences were found between the groups in terms of fertilization, embryo development, embryo quality on day 2, preg-
nancy and implantation rates (p>0.05). Our data suggest that both methods have comparable effects in terms of blastocyst utilization and im-
plantation rates; thus, may be used alternately according to the conditions and needs of different laboratories. 
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ÖZET 

Amaç: İnfertilite tedavisi sırasında daha kaliteli sperm hücrelerini elde etmek için farklı sperm elde etme yöntemlerinin etkinliği uzun yıllardır 
araştırılmaktadır. Bu çalışmanın amacı, yaygın olarak kullanılan iki sperm ayıklama yönteminin, kardeş oositleri kullanarak laboratuvar ve klinik 
sonuçlar üzerindeki etkilerini karşılaştırmaktır. Gereç ve Yöntemler: Çalışmaya 72 hastadan elde edilen toplam 1075 olgun oosit dahil edildi. 
Tüm semen numuneleri iki parçaya bölündü ve intrasitoplazmik sperm enjeksiyonundan önce pellet yüzerek veya tek katmanlı santrifüj ile 
hazırlandı. Her hastanın olgun oositleri iki gruba ayrıldı ve her gruba sperm elde etme yöntemlerinden birisi ile işlem yapıldı. Bulgular ve Sonuç: 
Çalışmanın ana sonuç ölçütü toplam blastosist gelişme oranı iken, diğer sonuç ölçütleri (fertilizasyon oranı, blastosist gelişme hızı, embriyo 
kalitesi, gebelik ve implantasyon oranı) ikincil sonuçlar olarak gruplar arasında karşılaştırıldı. Pelet yüzdürme yöntemi, çalışmamızda tek katmanlı 
santrifüjlemeye göre daha yüksek blastosist edinimi (toplam blastosist gelişimi ve blastosist kullanım oranı) göstermesine rağmen, aradaki fark 
istatistiksel anlamlılık göstermemiştir (p>0.05). Ayrıca fertilizasyon, embriyo gelişimi, 2. gün embriyo kalitesi, gebelik ve implantasyon oranları 
açısından gruplar arasında anlamlı farklılık bulunmadı (p>0.05). Verilerimiz, her iki yöntemin de blastosist kullanımı ve implantasyon oranları 
açısından karşılaştırılabilir etkilere sahip olduğunu göstermektedir; bu nedenle farklı laboratuvarların koşullarına ve ihtiyaçlarına göre dönüşümlü 
olarak kullanılabilirler. 
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Unlike oocytes, it is more likely to make a se-
lection among the sperm cells during assisted repro-
ductive treatment (ART) due to their relatively higher 
number.  Today, there are several techniques used in 
assisted reproduction laboratories for semen process-
ing including particularly swim-up and density gradient 
methods.1 Although it has been investigated in many 
studies for several years, there is still no clear evidence 
on which sperm preparation technique can yield better 
clinical outcomes that are the most important criteria 
for success in ART.  

Numerous reports in the literature have confirmed 
that both techniques are effective in eliminating abnor-
mal spermatozoa in the semen samples.2-4 However; the 
study by Hammadeh et al. reported that density gradi-
ent centrifugation (DGC) yielded a significantly higher 
proportion of morphologically normal sperm than swim 
up in a group of infertile patients whereas no signifi-
cant difference was found by means of morphologically 
normal spermatozoa between both techniques in the 
study by Borges et al.5,6  

Recent studies have shown that degree of de-
oxyribonucleic acid (DNA) integrity can be used as a 
diagnostic tool to assess sperm quality; however, clin-
ical results comparing both techniques in terms of this 
parameter are still limited and controversial. In terms 
of the effect of both semen processing methods on 
sperm DNA integrity, some authors found that swim 
up technique allowed better selection of spermatozoa 
with lower fragmentation rate compared to DGC.7,8 On 
the contrary, DGC was found to be associated with 
lower DNA fragmentation index (DFI) compared to 
swim up in the study by Xia et al.9 

This lack of consensus has led us to design this 
study aiming to compare the efficiency of two sperm 
processing techniques in terms of laboratory and clini-
cal outcomes of intracytoplasmic sperm injection 
(ICSI) cycles. To our knowledge, this is the first 
study comparing swim-up and a gradient-based 
method in a sibling oocyte setting in human ICSI cy-
cles. 

 MaTERIalS aND METhODS  

Study deSign and patientS 
This study was carried out in an assisted reproduc-
tion unit of a private hospital in Turkey between 

05.25.2018 and 01.01.2020. It was designed as a 
prospective cohort study using sibling oocytes of pa-
tients who underwent an ART cycle in this hospital 
between the indicated dates. 

Inclusion criteria of the study were having at 
least 5 metaphase II (MII) oocytes per ICSI cycle (ir-
respective of total oocyte number) and having an age 
of ≤37 years old for the female participants and hav-
ing a diagnosis of normozoospermia based on World 
Health Organization (WHO) criteria for the male 
partners (irrespective of age). Exlusion criteria were 
determined as having an etiology of repeated im-
plantation failures with more than two failed cycles, 
varicocele, any chromosomal abnormalities in the 
karyotype analyses of both partners, endometriosis 
and polycystic ovary syndrome. Preimplantation ge-
netic diagnosis cycles were also excluded from the 
study. All couples were informed about the study and 
provided written informed consent. Ethics commit-
tee approval for the study was given by Kocaeli Uni-
versity ethics committee for non-interventional 
clinical research, under the approval number of KIA 
2018/225 on May 8, 2018. The study was conducted 
in accordance with the Helsinki Declaration Princi-
ples. 

Sperm Sorting by pellet Swim up (pSu) and 
Single layer cenrifugation (Slc)  

Semen samples were left to liquefy at least for 20 
minutes at room temperature and divided into two 
aliquots. Semen analysis was carried out according 
to WHO criteria by the same technician. 

In SLC procedure, 1 ml of semen was put on 
50% gradient medium which was prepared by dilut-
ing stock solution (Puresperm 100, Nidacon, Swe-
den) by 1/1 with sperm rinse solution (Vitrolife, 
Sweden), and centrifuged for 10 minutes at 1600 
rpm. In PSU, 1 ml of semen was mixed with 1 ml of 
sperm washing media (SpermRinse, Vitrolife, Swe-
den) and centrifuged for 10 minutes at 1600 rpm. 
Then, both pellets were mixed with 2 ml of sperm 
washing media (PureWash, Nidacon, Sweden) and 
centrifuged at 1600 rpm for 5 minutes. Whole super-
natants were removed and the remaining pellets were 
left for resuspension in 1 ml of media. Both groups 
were centrifuged for a total of 15 minutes in order to 
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eliminate the possible differences between groups 
based on centrifugation time.  

controlled ovarian HyperStimulation and icSi 

Ovarian stimulation and oocyte collection were per-
formed as previously described by twi et. al.10 The 
oocyte-cumulus complexes (COCs) were incubated 
in GIVF media (Vitrolife, Sweden) supplemented 
with 5% human serum albumin (HSA) until ICSI 
under the conditions of 37°C, 7% CO2 and 7% O2. 
After two to three hours, all oocytes were denuded 
and patients having at least five MII oocytes were en-
rolled in the study. 

The mature (MII) oocytes of each patient were 
divided into two groups for microinjection with sper-
matozoa sorted either by SLC or PSU technique. All 
ICSI procedures were performed by the same em-
bryologist. Spermatozoa were sorted at least one hour 
before ICSI.  

aSSeSSment of fertilization and 
embryo cleavage  

Fertilization check was done after 18-22 hours of 
ICSI and fertilized oocytes were cultured up to day 
5/6. Embryo cleavage was checked only for once on 
day 2 in order to minimize the external stress created 
on the embryos. Embryos which had more than 2 and 
equal size of blastomeres having ≤15% fragmenta-
tion were accepted as good quality embryos on day 2. 
Any patients having less than three good quality em-
bryos underwent day 3 transfer and thus, they were 
withdrawn from the study. 

Blastocyst transfer was planned for each patient 
in the study who had at least three good quality em-
bryos on day 2. All embryos were incubated under 
the same conditions of 37°C, 7% CO2 and 7% O2 

until transfer. All fresh embryo transfers were per-
formed on day 5. The assignment of embryo transfer 
to groups was done consecutively according to their 
oocyte pick up times. For double embryo transfers, 
in case that there were not two good quality blasto-
cysts in the assigned group, two blastocysts were cho-
sen from the other group for transfer or two 
blastocysts were transferred from either group. 
Therefore, these patients were excluded from the 
analysis of clinical outcomes since implantation of 

each blastocyst was not clear in the circumstance that 
two embryos from different groups were resulted in 
one clinical sac. Besides, some patients did not un-
dergo a fresh embryo transfer due to the factors such 
as ovarian hyperstimulation (OHSS) risk, thin en-
dometrium or high level of progesterone on transfer 
day; and they were only included in the analysis of 
laboratory outcomes due to total freezing of embryos 
at that cycle. All good quality blastocysts except the 
ones transferred, were vitrified on days 5 and 6. Blas-
tocyst scoring was done according to the classifica-
tion system of Gardner & Schoolcraft.11 

A ß-hCG value of ≥50 mIU/mL after 10 days 
following embryo transfer indicated a positive preg-
nancy. Biochemical pregnancy was defined as posi-
tive hCG without a gestational sac; clinical pregnancy 
rate was defined as intrauterine pregnancy with fetal 
heart beat and implantation rate was defined as the 
number of gestational sacs per total number of em-
bryos transferred.  

StatiStical analySiS 

All the statistical analyses in the study were per-
formed by SPSS statistical software (v 20.0; IBM 
Corp., Chicago, IL). Power analysis showed that it 
was required to include at least 523 MII oocytes per 
group for a power of 80% at an alpha level of 0.05 in 
order to detect a possible difference of 10% in blas-
tocyst utilization rate. As a result, a total of 72 pa-
tients having a total of 1075 mature oocytes were 
included in the study in which 537 were assigned for 
SLC and 538 for PSU group.  

Mann-Whitney U test was used to compare nu-
merical variables showing nonparametric distribution 
such as as the number of MII oocytes, fertilized 
oocytes, good quality day 2 embryos, total blastocyst 
and top quality blastocysts.   

Clinical outcomes were calculated as the second-
ary findings of the study. They were analyzed retro-
spectively since randomization failed due to the 
absence of good blastocysts in the assigned group. Ac-
cordingly, a total of 47 embryo transfers were analyzed 
due to the exclusion of 25 cases who underwent total 
embryo freezing. Among these, there were 10 double 
and two single embryo transfers in PSU group, 16 dou-
ble and 6 single embryo transfers in SLC group and 13 
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patients were transferred two embryos from either 
group (shown as mix group in Figure 1).  

Implantation rates were calculated by dividing 
total number of blastocysts with known implantation 
to the total number of blastocysts transferred in all 
groups. In addition, clinical outcomes were compared 
between groups by using Chi-Square test. A value 
of p < 0.05 was considered as statistically significant 
for all analyses.  

 RESulTS 

When we analyzed demographic characteristics of 72 
patients included in the study, we found a mean ma-
ternal age of 34.3±3.1 years old and a paternal age of 
36.1±3.6 years old.  In terms of semen characteristics 
of the male patients included in the study, mean 
semen volume was found to be 3.6±1.2 ml; mean 
sperm concentration was 52±21x106 million/ml; total 
motility was 63±24% and progressive motility was 
37±15%. 

Laboratory outcomes of both groups were given 
in Table 1. The groups were found to be comparable 
in terms of all laboratory key performance indicators 
indicated in the table (p>0.05 for each). Although 
PSU method demonstrated a higher blastocyst yield 
(total blastocyst development and blastocyst utiliza-

tion rate) compared to SLC in our study, the differ-
ences did not reach a statistical significance level 
(p>0.05).  

Patient enrollment for implantation analysis was 
shown in detail in Figure 1. Implantation rates were 
found to be 30.3% vs 37% for the embryos trans-
ferred from PSU and SLC groups, respectively. Al-
though there was an increase in the SLC group in 
terms of implantation, the difference again did not 
reach a statistical significance (p=0.058). 

The comparison of the clinical outcomes was 
given in Table 2. There were 6 pregnancies (includ-
ing 4 singletons, one twin and one biochemical) in 
PSU group whereas 12 pregnancies (including 7 sin-
gletons, one twin and 4 biochemicals) were present in 
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FIGURE 1: Patient enrollment in implantation analysis. 
PSU: Pellet swim-up; SLC: Single layer centrifugation.

Variables PSU (n=72) SLC (n=72) p value 

Number of mature (MII) oocytes (n) 7.47±3.8 7.6±3.8 0.85 

Number of fertilized (2PN) oocytes (n) 6.1±2.3 6.2±3.1 0.8 

Number of good quality embryos on day 2 (n) 4.74±2.7 4.93±2.9 0.68 

Total blastocyst development rate (%) 61.1±24.3 55.8±25.2 0.21 

Blastocyst utilization rate (%) 42.1±13.1 36.4±12.7 0.3 

TABLE 1:  Comparison of laboratory performance indicators 
between SLC and PSU groups. 

Values are mean ± SD unless otherwise stated. PSU=Pellet swim-up technique; 
SLC=single layer centrifugation technique.



SLC group. The differences between groups were not 
statistically significant in terms of all clinical param-
eters analyzed (p>0.05 for all). 

 DISCuSSION  

It has been well known that  quality of the gametes has 
a direct influence on the embryonic development and 
the success of the IVF cycle. It is more likely to select 
an abnormal sperm cell from a cell population having 
semen parameters which are poorer than normal values 
because any possible damage on the spermatozoa may 
not be recognized by visual inspection during the ICSI 
procedure. Therefore; especially in the laboratories 
using predominantly ICSI technique, semen prepara-
tion for ICSI gains more importance to have higher fer-
tilization rates and better outcomes. Although most of 
them are based on similar protocols, several techniques 
with slight modifications are introduced in routine clin-
ical applications of IVF laboratories recently. Selec-
tion of the suitable technique depends basically on 
different requirements which include cost-effective-
ness, technical complexity, number of technicians, du-
ration of the procedure, potential capacity of the IVF 
lab as well as the quality of spermatozoa.  

In the present study, we used modified pellet 
swim-up and single layer density gradient techniques 
for sperm preparation. It has been reported that serial 
centrifugations of semen could cause sperm DNA 
damage through the generation of excessive oxida-
tive stress.7,12 SLC appears to be a method which is 
more practical than a two-layer density gradient and 
may yield more number of spermatozoa by shorter 
centrifugation periods. The technique was found to 
yield comparable sperm recovery rates and cause less 
oxidative stress; therefore is suggested to be a good 
alternative for sperm preparation.13-16 Pellet swim-up 
technique was also analyzed and was found to be the 
technique that causes the lowest DNA fragmentation 

rate in the study of Volpes et al. (2016), and is sug-
gested to be the best option in terms of low cost and 
reduced time.17 

Paternal contribution to embryonic development 
has been shown to start from day 2 until the blasto-
cyst stage during the early embryonic development.18 
Therefore, whether any of the methods create a dif-
ference in blastocyst development comprised the 
question of this study. According to the present data, 
we may suggest that both sperm sorting methods 
seem to have comparable effects on the blastocyst de-
velopment rate and blastocyst quality although there 
was a slight increase in the PSU group which should 
be further analyzed by larger patient populations.   

Sibling oocyte study design has an important advan-
tage which allows comparing the embryonic develop-
ment of the oocytes from the same maternal origin. In 
a similar study using sibling oocytes, two sperm prepa-
ration techniques were compared in terms of some key 
performance indicators in the IVF laboratory; and have 
reported significantly better results in favor of direct 
micro swim-up compared to density gradient. How-
ever, they used no centrifugation for micro swim-up 
technique; thus, suggested that the adverse effects ob-
tained in density gradient technique are due to the cen-
trifugation process.19 To eliminate any possible adverse 
effect and stress that may be caused by the difference in 
centrifugation times, we shortened the duration of cen-
trifugation in SLC and equalized the duration of cen-
trifugation in both methods. Another study including 
this design compared the laboratory and clinical out-
comes of swim up versus a microfluidic sperm sorting 
chip; and concluded that such a chip did not improve 
the laboratory and clinical performance indicators sig-
nificantly compared to conventional swim up method.20 

Although having a higher blastocyst utilization 
rate, our results demonstrated a lower implantation 
rate in the PSU group suggesting that the increase in 
blastocyst development rate may not reflect the im-
plantation potential of the blastocysts. This result 
seems to be parallel with the results of Capalbo et al. 
who reported that common indicators of blastocyst 
evaluation were not enough to select the embryos 
with higher implantation potential among euploid 
embryos.21  
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Variables PSU (n=12) SLC (n=22) p value 
Pregnancy rate (n/%) 6/50 12/55 0.25 
Clinical pregnancy rate (n/%) 5/42 9/41 0.07 
Implantation rate (n/%) 10/30 17/37 0.09 

TABLE 2:  Comparison of clinical outcomes between SLC and 
PSU groups. 



Evaluation of clinical outcomes was the main 
limitation of our study. These secondary outcomes 
could be analyzed retrospectively in this study since 
blastocyst transfers could be performed based on 
final morphology in some cases rather than the as-
signment made in the beginning of the study. Since 
a mix group occurred due to the incompliance to 
this assignment in some double embryo transfers, 
the number of patients within both groups remained 
very limited to make a powerful analysis. Besides, 
the analysis of live birth rates will be noteworthy to 
observe the contribution of paternal genome to a 
healthy newborn. 
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