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Abstract

Backgroud: The aim of this study is to investigate the most effective and maneuverable technique for
sperm preparation in conventional IVF cycles.

Method: A retrospective and laboratory-based study was conducted in patients who underwent their first
cycle of IVF from January to December in 2016 to compare two sperm preparation techniques: direct swim-
up without centrifugation (DSU) technique and density-gradient centrifugation followed by swim-up (DGC-
SU) technique. A series of experiments in this study was designed to evaluate the efficiency of these two
techniques which include: (i) assessment of quality and quantity of spermatozoa by comparing motility,
DNA fragmentation index (DFI), acrosomal reaction (AR) and mitochondrial membrane potential (MMP) of
DSU-separated sperm to DGC-SU-separated sperm, (ii) evaluation of safety of DSU technique by assessing
the risks of bacterial contamination, (iii) analysis of feasibility of replacing DGC-SU with DSU technique by
reviewing ART outcomes including fertilization rate, high-quality embryo rate, implantation rate, clinical
pregnancy rate, take-home baby rate and abortion rate.

Results: Although there were no significant differences in DFI, AR and MMP between DSU-separated sperm
and DGC-SU-separated sperm, significantly higher percentage of progressive motility in DSU-separated
sperm were found than that in DGC-SU-separated sperm. Moreover, there were no significant differences
between DSU and DGC-SU groups on ART outcomes based on data of fertilization rate, high-quality embryo
rate, implantation rate, clinical pregnancy rate, baby delivery rate and abortion rate. In addition, no bacterial
contaminations were found in culture medium samples of simulating fertilization from DSU group.
Howeuver, it is noticeable that DSU technique required less time and labor for sperm preparation compared
with DGC-SU.

Background

With the development of assisted reproductive technology (ART), it is widely accepted that high-quality
sperms are required to produce good-quality embryos which is a major determinant of ART success [1-3].
Because of that, multiple techniques for sperm preparation have been developed for IVF and ICSI
treatments.

Swim-up and density-gradient centrifugation (DGC) are the two main techniques which are used to
separate the functional motile spermatozoa from the other semen components in ART cycles. These two
techniques are based on different underlying principles. Swim-up is designed to isolate highly motile
spermatozoa and DGC is designed to separate spermatozoa depending on chromosome packaging. Both
of them are useful in selecting suitable morphology and motility sperm cells. However, several studies
reported that a combination technique of density-gradient centrifugation and swim-up (DGC-SU) was more
effective in enriching sperm cells with normal morphology and eliminating sperm cells with DNA
fragmentation than DGC technique alone [4-7]. Given this, the DGC-SU technique is more widely used in
the field of ART work concerning sperm preparation compared to DGC technique alone at the present time
in China.
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However, DGC-SU is a tedious procedure, which requires excessive manipulation and multiple
centrifugations. Several studies have shown that excessive manipulation and multiple centrifugations can
lead to an increase of sperm DNA fragmentation mediated through production of reactive oxygen species
(ROS) by spermatozoa, cellular debris and leucocytes [8—11]. Also, recent studies have reported that DGC
did not decrease sperm DNA fragmentation as previously reported [12-13]. High level of sperm DNA
fragmentation is associated with a low chance of both natural and artificial conception [14-18]. More
importantly, in a study by Aitken et al (2014), it revealed that colloidal silicon-based discontinuous density
gradients that are commonly used to prepare human spermatozoa for assisted reproduction technology
(ART) purposes contain metals that promote free radical-mediated DNA damage. This finding suggests
that density-gradient centrifugation should be avoided during sperm preparation [19]. In addition, the DGC-
SU technique requires operators to transfer sperm sample among several tubes, thereby increasing the
potential risk of mismatches [5, 20—21]. These limitations, in concert, suggested that the DGC-SU was not
optimal technique for sperm preparation for IVF and ICSI treatments.

The DSU is a simple, fast and economical technique for sperm preparation without centrifugation. It has
been reported that a micro direct swim-up without centrifugation (MSU) in ICSI treatment was a better
choice for sperm preparation than the DGC-SU procedure [20—-21]. However, there are no studies on whether
this technique is a favorable choice for sperm preparation in conventional IVF treatment.

In the study reported herein, we primarily aimed to evaluate the effect of sperm preparation with DSU or
DGC-SU technique on quality and quantity of recovering spermatozoa based on recovery rates of
progressive motile sperm, levels of sperm DNA fragmentation and sperm AR and MMP. In addition, we
further assessed the DSU technique for sperm preparation by reviewing ART outcomes of IVF cycles
between DSU and DGC-SU groups including fertilization, embryo development and pregnancy.

Methods
Patients

A retrospective study was conducted in patients who underwent their IVF cycles in Reproductive and
Genetic Hospital of the First Affiliated Hospital of University of Science and Technology of China (Hefei,
Anhui, China), from January to December 2016. A total of 1223 IVF couples were included in this
comparison: 536 couples prepared sperm with DSU technique, 687 couples with DGC-SU technique. The
inclusion criteria for the female partner were: (i) age <40 years; (i) body mass index (BMI) <30 kg/m?; (iii)
basal level of follicle-stimulating hormone (FSH) <10 IU/L; and (iv) undergoing their first cycle of IVF. The
female partners with diagnosis of uterine or karyotype abnormality were excluded. The study was
approved by Ethics Committees on Human Research of the First Affiliated Hospital of University of Science
and Technology of China. There is no conflict of interest in the present study.

Preparation of semen samples
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Semen samples were obtained by masturbation after at least a 2-day sexual abstinence. After liquefaction
at room temperature for 20 minutes, raw semen samples were examined for concentration and motility
according to the 2010 WHO guidelines. Spermatozoa were categorized by the following different motility
grades: 1) progressively motile, 2) non-progressively motile, and 3) immotile sperm. In order to reduce the
artificial differences in sperm characteristics, the routine semen analyses were performed by the same well-
trained technician using Computer-aided sperm analysis (CASA). A 500l semen sample was drawn to
evaluate the basal level of sperm maotility, viability, DNA fragmentation, high DNA stainable (HDS),
acrosomal reaction (AS), mitochondrial membrane potential (MMP), and the remaining sample was split
into two aliquots for sperm selection. One aliquot was separated with the DSU technique, and another
aliquot was separated with the DGC-SU technique. Similarly, DSU-separated sperm and DGC-SU-separated
sperm were examined for motility, viability, DNA fragmentation, HDS, AS, MMP and microbiological
contamination.

Density-gradient centrifugation followed by swim-up (DGC-SU)

Tml of semen sample was layered on the top of the discontinuous density gradients (40 and 80%, ORIGIO,
Denmark) and centrifuged for 20 min at 350g. Thereafter, sperm pellet at the bottom of tube was collected.
At least 3 ml of the culture sperm medium (IVF Sperm Medium, COOK, Limerick) was added to washing
sperm pellet and the tube was centrifuged for 6 min at 250g. The supernatant was discarded and 2 ml of
the same culture sperm medium was layered gently above the pellet. The tube was inclined at an angle of
45 degrees and incubated for 40 min at 37°C with 6% CO,, and then 1 ml of the middle-clouded layer
medium was collected into a new tube for the following experiments [22]. The whole process of DGC-SU
takes around 75 minutes (Fig. 1).

Direct swim-up without centrifugation (DSU)

2 ml of the culture sperm medium was prepared into a round-bottomed tube, and then Tml of semen
sample was added to the bottom of the tube. The tube was inclined at an angle of 45 degrees and
incubated for 40 min at 37°C with 6% CO,, and then 1 ml of the middle-clouded layer medium was
collected into a new tube for the following experiments. The whole process of DSU only takes about 45
minutes (Fig. 1).

Measurement of sperm DNA damage

The level of sperm DNA damage was assessed by DNA fragmentation index (DFI) as described previously
[23—-24]. Briefly, about one million spermatozoa were treated with hydrochloric acid on ice for 30 sec and
then incubated for about 1 min at room temperature with acridine orange (AQ, Cellpro Biotech, Zhejiang,
China) solution. The spermatozoa were then analyzed by flow cytometry (Accuri C6 cytometer, BD
Biosciences, San Jose, CA). More than 5,000 spermatozoa were collected per sample in the gate of sperm
population. Data was analyzed using the flow cytometer software (Cellpro Biotech). AO intercalated with
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double-stranded DNA emits green fluorescence and AO associated with single-stranded DNA emits red
fluorescence. The DFI value was calculated by the ratio of red to total (red plus green) fluorescence
intensity. Additionally, the fraction of HDS sperm cells was also detected in this experiment. HDS
represents immature spermatozoa in semen with incomplete chromatin condensation, which exhibit green
fluorescence intensity higher than the upper border of the main cluster of the sperm population.

Evaluation of the acrosomal reaction

Acrosomal reaction (AR) was evaluated by FCM according to
manufacturer’s instructions (Cellpro Biotech). In Brief, sperm samples
were first diluted and swam up in culture medium for 15 min. After 2-
minute fixation in 75% ice ethyl alcohol, calcium ion carrier A23187
(Sigma-Aldrich, St Louis, MO) was added to the sperm suspension to
make a final concentration of 10 pmol/L A23187. A23187 stock
solution (5mmol/ L) in dimethyl sulfoxide (DMSO, Sigma-Aldrich) was
frozen at —20°C. Before use, this was thawed, dissolved in human
tubal fluid (HTF) medium. As a control, diluted DMSO (Sigma-Aldrich)
was added to the same sperm suspension. Both test and control tubes
were incubated for 15 min at 37°C with 5 pg/ml of FITC-conjugated
pisum sativum agglutinin (FITC-PSA, Cellpro Biotech) working solution
in the dark. Next, spermatozoa were analyzed by FCM. At least 5,000
events were collected per sample in the gate of sperm population.
Acquired data was analyzed by flow cytometer software. When more
than half the head of a spermatozoon was fluoresced brightly and
uniformly with FITC-PSA, the acrosome was considered to be intact.
Spermatozoa without fluorescence or with a fluorescing band limited
to the equatorial segment were considered to be acrosome-reacted.
The ionophore-induced AR was calculated by the acrosome-reacted
ratio of test group subtract that of control group.

Measurement of MMP

The mitochondrial membrane potential (MMP) was examined according to the manufacturer’s instructions
(Cellpro Biotech). Briefly, one million spermatozoa were incubated with 2 pM of the lipophilic cationic dye
5,5',6,6-tetrachloro—1,1',3,3"-tetraethyl-benzimidazolylcarbocyanine iodide (JC—1) working solution for 15
min at 37°C in the dark. Afterwards, the sperm cells were analyzed by FCM. More than 5,000 spermatozoa
were collected per sample in the gate of sperm population. JC—1 exists in the cell in the form of polymers
and monomers. When the MMP is high, JC—1 spontaneously forms polymers with red fluorescence. When
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the MMP is low, JC—1 is mainly in the form of monomers and exhibit green fluorescence. The value of
MMP was calculated by the ratio of red to total fluorescence using the flow cytometer software.

Microbiological examination

Native semen samples were collected in sterile plastic containers by masturbation in the IVF laboratory.
After liquefaction, the semen sample was split into two aliquots for sperm selection. One aliquot was
separated with the DSU technique, and another aliquot was separated with the DGC-SU technique. All
reserved specimens, including native semen, the upper layer medium after DGC-SU and DSU treatments
and the culture medium of simulating fertilization test were collected in sterile plastic containers and
examined for aerobic and facultative bacteria within 30 minutes of collection. 10ul sample was inoculated
on blood and chocolate agar plates respectively, followed by incubation for 48 hours in 5% CO, at 37°C.
Next, the presence, pattern and number of colonizing bacteria were checked. Identification of bacteria was
performed in that case either by means of the Vitek™ system (bioMerieux, St. Louis, MO) or a conventional
method, as required. All operations of microbiological examinations were carried out in the biosafety
cabinets.

IVF protocols

IVF was carried out following routine protocols [25-26]. Briefly, ovarian stimulation of multiple follicles
was achieved by purified (FSH, LiZhu pharma, ZhuHai, China) or recombinant (Gonal-f, Merk Serono SA,
Geneva, Switzerland) gonadotropins. At 36 h after administration of 10, 000 IU human chorionic
gonadotropin (hCG, LiZhu pharma), cumulus-corona oocyte complexes (COCS) were retrieved by vaginal
ultrasound-guided aspiration.

Native semen samples were collected in sterile plastic containers by masturbation in the IVF laboratory. All
patients were asked to wash their hands and genital areas with soap and water before sperm collection.
After liquefaction, semen samples were randomly divided into two groups: one group selected sperm for
IVF with DSU technique, and another group selected sperm for IVF with DGC-SU technique. Sperm selected
by DSU or DGC-SU technique were used for subsequent insemination of the oocytes at a final
concentration of 200, 000 sperm/ml. After co-incubation with spermatozoa for 4 h, the oocytes were
completely denuded by pipetting and checked for the presence of the second polar body. The early rescue
ICSI were performed in patients who had more than 2/3 oocytes failed to extrude the second polar body
after 6 h of insemination [27]. 16 to 18 h after insemination, oocytes were assessed for 2 pro-nuclei
presence. 72 h after oocyte retrieval, embryos were classified according to their morphology. Up to two day
3 embryos with good quality were transferred into uterus.

Pregnancy outcomes
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A biochemical pregnancy was diagnosed only by the detection of beta hCG in serum or urine 14 days after
embryo transfer. Ultrasound was performed at 6 weeks after embryo transfer to confirm clinical pregnancy.
A clinical pregnancy was diagnosed by ultrasonographic visualization of one or more gestational sacs or
definitive clinical signs of pregnancy. In addition to intra-uterine pregnancy, it includes a clinically
documented ectopic pregnancy. Spontaneous abortion was defined as a pregnancy loss of an intra-uterine
pregnancy prior to the 22th week of gestation [28]. The implantation rate was calculated as the number of
gestational sacs divided by the total number of transferred embryos.

Statistical Analysis

The statistical analysis was performed by using the SPSS, version 20 software. One-way ANOVA was
performed to compare the differences among the three groups and the data shown was described as mean
+ standard deviation (S.D). Differences regarding rates were evaluated by the Chi-Squared test and the
data shown was described as percent (%). pvalues <0.05 were considered statistically significant.

Results
Recovery rate

As noted in Table 1, although both DSU and DGC-SU techniques were able to significantly increase
proportions of sperm with progressive motility compared to unprocessed native semen, DSU technique
improved significantly higher percentage of progressive motility compared with DGC-SU technique (Tab.1).
However, there was no significant difference on the recovery rate of progressive motile sperm after between
DSU and DGC-SU (Fig. 2).

Sperm DNA fragmentation and other indicators of sperm quality

Data concerning the assessment of sperm DNA integrity was summarized in Table 1. Sperm DNA integrity
was expressed as DNA fragmentation index (DFI) and high DNA stainable (HDS) cell proportion. Compared
with native semen, both DSU and DGC-SU techniques were able to decrease the DFI of sperm. There was
no significant difference on the DFI of sperm between DSU-separated and DGC-SU-separated sperm
(Tab.1). Similarly, both DSU and DGC-SU techniques led to significant reduction of HDS sperm compared
with native semen, but no significant difference was found between these two groups (Tab.1).

Moreover, as it was shown in Table 1, both DSU and DGC-SU techniques could significantly increase levels
of sperm AR and MMP compared with native semen. However, DSU technique did not increase levels of
sperm AR and MMP relative to DGC-SU technique (Tab.1). Taken together, these results indicate that both
DSU and DGC-SU techniques are able to recover high-quality sperm.

Safety concern
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As it was shown in Supplementary table 1, bacterial contaminations were found in 64 of 92 native semen
samples. Gram-positive cocci such as streptococcus, staphylococcus and enterococcus were the most
common bacterial contaminants. The same bacterial examinations were repeated after sperm preparation.
Only one upper layer medium sample showed streptococcus contamination after DSU treatment, while no
bacterial contamination was found in 88 upper layer medium samples after DGC-SU treatment
(Supplementary tab.1). Moreover, there was no bacterial contamination in the culture medium of
simulating fertilization test from both the DSU and DGC-SU group (Supplementary tab.1). Taken together,
these results suggest that neither DSU nor DGC-SU technique causes bacterial contamination.

Laboratory and clinic outcomes in IVF cycles

A total of 1223 IVF couples were included in this comparison: 536 couples prepared sperm with DSU
technique, 687 couples with DGC-SU technique (Fig. 3). Demographic data were given in Table 2. No
significant differences between the DSU and DGC-SU group were observed in the female partner's age, BMI,
infertility duration, indication of IVF and basal levels of sex hormones (Tab. 2).

As it was shown in Table 3, there were no significant differences on the laboratory outcomes of IVF
treatment involving fertilization rate, rescue ICSI rate, cleavage rate and high-quality embryo rate between
the DSU and DGC-SU group. In addition, clinic outcomes of IVF treatment were summarized in Table 4. 227
of 536 patients in the DSU group and 310 of 687 in the DGC-SU group underwent fresh-embryo transfer.
The average number of embryos per transfer was similar in these two groups (Tab. 4). No significant
difference between the DSU and DGC-SU group was observed on the clinic outcomes of IVF cycles, with
regard to chemical pregnancy rate, clinical pregnancy rate, implantation rate, and take-home baby rate
(Tab. 4). Moreover, spontaneous abortion rate also showed no difference between the DSU and DGC-SU
group (Tab. 4). Therefore, we concluded that both DSU and DGC-SU are effective techniques for sperm
preparation in terms of fertilization, embryo development and pregnancy in IVF cycles.

Discussion

Elimination of damaged spermatozoa and selection of the best-quality spermatozoa are essential for
successful IVF cycles. At the present time, the most prevalent technique for sperm preparation is a
combination of density-gradient centrifugation and swim-up (DGC-SU) in China [22, 29]. For this
combination technique, swim-up procedure was performed after the elimination of harmful components by
density-gradient centrifugation. DGC-SU has been reported to be favorable for sperm preparation in IVF
cycles, as spermatozoa prepared by this technique were found to have higher rates of motility and reduced
DNA fragmentation compared with other procedures [4-5, 22].

However, A study by Aitken and colleagues has shown that the use of discontinuous density gradients for
sperm preparation significantly contributed to elevated oxidative DNA damage. In their study, it was
revealed that this medium contains metals, particularly Fe, Al and Cu, which are known to promote free
radical generation in the immediate vicinity of DNA. Moreover, metal contamination is a relatively constant
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feature of such products [19]. This fact suggests that density-gradient centrifugation should be avoided
during sperm preparation. Thus, we investigated a simple, fast technique for sperm preparation in IVF
cycles, namely direct swim-up without centrifugation (DSU). Compared with the conventional pellet swim-
up technique, the DSU technique does not require single or multiple centrifugation steps. It has been widely
accepted that the centrifugation step damages spermatozoa via the generation of ROS [30—32]. In
addition, the DSU technique isolated high-quality spermatozoa directly from seminal plasma. Seminal
plasma has powerful antioxidant capacity that can protect spermatozoa from ROS. There was a
significant increase in the levels of ROS generated by samples which were prepared by swim-up from a
washed pellet compared with samples isolated directly from seminal plasma [32]. Elimination of seminal
plasma can lead to oxidative attack on sperm DNA [33]. These findings suggest that the DSU technique
may be recommended to use for sperm preparation in IVF cycles.

In this study, firstly, we evaluated the quantity and quality of recovering spermatozoa after DSU treatment.
It was demonstrated that DSU technique was able to recover enough progressive spermatozoa. A
comparison between DSU and DGC-SU showed that sperm separated with DSU technique had higher
percentage of progressive motility than that with DGC-SU technique. This is contrary to the finding that
there were no significant differences between these two sperm preparation techniques [22]. The possible
reason of different findings was due to different sperm preparation time and different gradient densities.
Sperm DNA fragmentation is negatively correlated with ART outcomes and was identified as a major
indicator of sperm quality [17-18, 24, 31, 34]. AR and mitochondrial biomarker MMP also can be regarded
as predictors of semen quality in the general study population [35-39]. No difference was observed on the
level of DFI, MMP and AR between these two techniques. Therefore, we concluded that DSU technique
could select high-quality sperm similar with DGC-SU technique. This result is in agreement with the findings
of Li et al. (2012) who found no significant difference between these two techniques in terms of the sperm
changes in MMP and ROS [22]. However, our results were inconsistent with the findings presented by
Ghaleno and colleagues [40]. They found that the separated sperm with DSU technique were not better
than that with DGC-SU technique on the sperm motility and level of MMP. We speculated that incubations
at room temperature (RT) but not 37°C in their study result in these differences. Some study reported that
37°C incubation resulted in higher motility relative to RT incubations [41-42]. In addition, our results
indicated that the level of sperm DFI after processing by DSU is similar with that by DGC-SU, which was
detected by sperm chromatin structure assay (SCSA). This was in contrast to the results presented by
Volpes and colleagues. Their group found a higher proportion of sperm DFIl in DSU-separated sperm
compared with DGC-SU-separated sperm by using sperm chromatin dispersion (SCD) test [5]. The
inconsistency of the results between the present and previous studies may result from different
assessment methods of sperm DNA fragmentation.

In addition to the evaluation of sperm quality after DSU treatment, we also compared ART outcomes of
DSU group with DGC-SU group. We reported herein that DSU technique did not show any significant
difference in all ART outcomes as compared to the DGC-SU technique. However, Our results were
inconsistent with the findings of Palini and colleagues in ICSI cycles [20]. Their results stated that
blastulation rates per D3 embryos or per fertilized oocyte and pregnancy rates in DSU group were
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significant higher when compared to DGC-SU group. This inconsistency may due to additional sperm
selection, which would be performed in the process of ICSI insemination. Recently, it was reported that the
clinical outcomes were not significantly different between the DGC-SU and conventional pellet swim-up
groups [43]. This finding is in agreement with our results. However, lower fertilization rates were shown in
our study. This may attribute to the fact that we moved into a new IVF laboratory at the end of 2015.
Increase in Volatile organic compounds (VOCs) concentration of a new IVF lab had effects on IVF
outcomes such as fertilization [44].

Several studies have reported that bacterial contamination can lead to compromised sperm quality and
suboptimal fertilization rate [45—47]. Therefore, we have to take into consideration the potential bacterial
contamination in DSU-separated sperm in this study. Bacterial contamination was only detected in one out
of 88 upper layer medium samples and no bacteria growing in simulating fertilization experiment medium
samples from DSU group, although bacterial contamination were positive in 64 of 92 native semen
samples. These data suggest that DSU treatment did not lead to higher risk of bacterial contamination
than DGC-SU treatment.

Another reason in support of DSU technique is the reduction of execution time and labor of semen
treatment relative to DGC-SU technique. Clearly, the DSU technique does not require redundant density
gradients. However, DGC, but not DGC-SU is the most common technique used for the isolation of normal
spermatozoa in IVF laboratories worldwide. Subsequently, we need to compare DSU technique with DGC
technique to make our conclusions more convincing. Moreover, we utilized DSU technique for IVF sperm
preparation depending on post-DSU sperm concentration. If the concentration of motile sperm after DGC
was not enough for IVF insemination, additional centrifugation should be performed. It means that
different IVF populations have their own optimal method of sperm preparation.

Leukocytes represent the predominant source of ROS. Both swim-up and DGC removed most seminal
leukocytes. Swim-up should be preferred for sperm preparation in the leukocytospermic patients because it
decreases leukocyte concentration more than DGC [48]. This may be the reason why a combination
technique of DGC and swim-up is widely used to prepare sperm for IVF insemination in China. However, it
was controversial on the effect of seminal leukocytes on ART outcomes. Some studies have suggested
that leukocytes negatively affect the outcome of both IVF and ICSI [49-50]. Conversely, it has been
observed that leukocytes do not always have a negative effect on semen quality and ART outcomes [51-
52]. Leukocytospermic patients with infection-free were also included in the present study. We cannot
exclude that the results of this study may extend to leukocytospermic patients. A study specifically
addressed to this purpose should be designed. Recently, it has been reported that up to 30% of male
partners of infertile couples are positive for C. trachomatis [53]. It is of great significance to investigate
which method of sperm preparation is most suitable for patients with C. trachomatis infections. However,
the whole IVF patients were negative for C. trachomatis in our data, and the results of this study cannot be
extrapolated to patients with C. trachomatis infections.

Conclusions
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In summary, we found that the DSU technique is comparable to the DGC-SU technique on sperm
preparation for IVF insemination in terms of recovery of progressive motile spermatozoa with DNA integrity,
safety of operation and ART outcomes. However, the DSU technique requires less time and labor for sperm
preparation in comparison to the DGC-SU technique. This study provided evidence that the DGC-SU
technique can be replaced with the DSU technique in IVF treatments.
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Tables

Table 1 Comparison of sperm classical parameters and quality indicators between the DSU and DGC-SU
group.

Characteristics native DSU DGC-SU pvalue
semen
(n=37) (n=37) Among DSU Naive Naive
(n=37) three VvSs. VvSs. VvSs.
groups DGC- DSU DGC-
SuU SuU
Sperm 43.13+24.69 1.55+0.95 1.41£0.96 <0.001 0.965 <0.001 <0.001
concentration
Progressive 23.9049.06 68.37+13.98 60.85+t17.65 <0.001 0.023 <0.001 <0.001
motility (%)

Sperm DFI (%)  22.56+13.67  9.04+19.87 0.42+22.82 0.026 0.944 0.017 0.020

(S9£)erm HDS 8.08+3.82 3.70+4.10 2.22+2.23 <0.001 0.146 <0.001 <0.001

Sperm AR (%) 18.42+11.93 45.01+29.76  43.01+22.05 0.001 0.784 0.001 0.001

(S%p)ermMMP 41.22+18.15 81.38423.78 86.53+22.10 <0.001 0.409 <0.001 <0.001

HDS: High DNA stainable; AR: Acrosomal reaction; MMP: Mitochondrial membrane potential; Data were
presented as mean + standard deviation (SD); p-values <0.05 were considered statistically significant.
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Table 2 Demographic characteristics of IVF patients between the DSU and DGC-SU group.

DSU DGC-SU DSU vs DGC-SU
p-value

No. of cycles 536 687

Male age (years) 32.10+4.97 32.2815.14 0.543
Female age (years) 30.56+4.22 30.58+4.21 0.944
Female BMI (kg/m?) 22.0242.77 22.20+2.80 0.267
Infertility duration (years)  3.32+2.39 3.53+2.43 0.149
Indication of IVF

Tubal factor (%) 57.46 (308/536)  58.22 (400/687)  0.789
Endometriosis (%) 5.78 (31/536) 4.37 (30/687) 0.367
Multifactorial (%) 27.43 (147/536)  28.22 (198/687)  0.590
Unexplained (%) 9.32 (50/536) 8.59 (59/687) 0.652
Basal FSH (IU/L) 7.13+1.82 7.04+1.83 0.505
Basal estradiol (pg/mL) 67.71+141.74 57.66172.74 0.200
Basal LH(IU/L) 5.42+3.31 5.08+4.35 0.246

DSU: Direct swim-up without centrifugation; DGC-SU: Density-gradient centrifugation followed by swim-up;
DFI: DNA fragmentation index;

BMI: Body-mass index; FSH: Follicle-stimulating hormone; LH: luteinizing hormone; Data were presented as
mean * standard deviation (SD)

Table 3 Comparison of laboratory outcomes between the DSU and DGC-SU group.
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DSU DGC-SU DSU vs DGC-SU
p-value

No. of cycles 536 687

No. of retrieved oocytes 12.22+6.87 12.3746.89 0.719
No. of 2PN 7.7214.65 7.9014.52 0.482
Fertilization rate (2PN, %) 63.14 (4137/6552)  63.91 (5430/8496)  0.330
Rescue ICSI rate (%) 7.46 (40/536) 6.84 (47/687) 0.675
Cleavage rate (%) 98.72 (4084/4137)  98.66 (5357/5430) 0.788
High-quality embryo rate (%)  68.24 (2787/4084)  67.56 (3619/5357)  0.480

2PN: two pronuclei; ICSI: intracytoplasmic sperm injection; Data were presented as mean + standard
deviation (SD) or percent (%).

Table 4 Comparison of pregnancy outcomes between the DSU and DGC-SU group.

DSU DGC-SU DSU vs DGC-SU
p-value

No. of embryo transfer cycles 227 310

No. of embryos per transfer (meant SD)  1.90+0.30 1.93+0.25 0.168
Chemical pregnancy rate (%) 59.03 (134/227) 62.25(193/310)  0.449
Clinical pregnancy rate (%) 52.86 (120/227) 53.87 (167/310) 0.817
Implantation rate (%) 34.88 (150/432) 35.50(213/600) 0.796
Spontaneous abortion rate (%) 7.46 (10/134) 7.25(14/193) 0.712
Take-home baby rate (%) 46.25(105/227)  46.45(144/310) 0.964

Figures
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Figure 1

Schematic diagram of sperm preparation with direct swim-up without centrifugation (DSU) and density-
gradient centrifugation followed by swim-up (DGC-SU) technique
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Figure 2

Comparison of recovery rate of sperm with progressive motility between DSU and DGC-SU technique The
recovery rate of progressive motility was calculated as the number of separated sperm with progressive
motility divided by the number of native sperm with progressive motility (n=37). Data are shown as the
mean + S.D. p-value <0.05 was considered statistically significant.

Figure3
Total 1223 infertile couples
687 men's semen prepared with DGC-5U|| 536 men's semen prepared with DSU
Conventional IVF Conventional IVIF
47 cycles carmmied out rescue 40 cycles carried outrescue

1CSI were excluded 1 il 1CSI were excluded

640 cydes had normal fertilization 496 cydes had normal fertilization

310 cydes transfered fresh embryo 227 cydes transfered fresh embryo

144 couples took babies home 105 couples took babies home
2 babies existed . - o 2 babies existed
congenital anomalies +—— 182 babies were born 132 babies were bomn " congenitala ies
Figure 3

Flowchart reviewing ART outcomes of conventional IVF cycles with the DSU and DGC-SU technique
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