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and undergoing oral antioxidant treatment or varicocele surgery.7,8 In 
addition, advanced sperm preparations have been developed to select 
sperm free of DNA damage to be used clinically in ART. However, 
the improvement of embryological and clinical outcomes for these 
applications is limited and controversial.9 The application of motile 
sperm organelle morphological examination has increased the live birth 
rate (LBR) of patients with recurrent implantation failure.10 Isolation of 
mature sperm using the Zeta method, electrophoresis or the hyaluronic 
acid binding site method could not provide the desired improvement 
in the clinical and embryological outcomes of the in vitro fertilization 
(IVF)/intracytoplasmic sperm injection (ICSI) cycles.11–13

The translocation of phosphatidylserine (PS) to the outer cell 
membrane is a sign of early apoptosis induction. The detection of 
PS using flow cytometry can reflect sperm DNA integrity. In recent 

INTRODUCTION
Semen analysis is essential to measure sperm concentration, motility, 
and morphology according to the World Health Organization criteria,1 
as well as to assess the sperm DNA fragmentation index (DFI). Several 
controversial tests have been developed to measure sperm DNA 
integrity, including detection of DNA strand breaks2 and assessment of 
the sperm chromatin structure.3 Up to 40% of men with unexplained 
infertility and repeated pregnancy loss have increased sperm DNA 
fragmentation.4 A strong association between higher sperm DFI 
and the embryological or clinical outcomes of assisted reproductive 
technology (ART) cycles has been established.5,6

Patients who exhibit an abnormal increase in sperm DFI are 
recommended to seek early interventions, such as modifying their 
lifestyle, controlling their weight, starting nutritional supplements, 
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years, microfluidic sorting of unprocessed semen has been allowed 
for the selection of clinically usable, highly motile sperm with nearly 
undetectable levels of DNA fragmentation.14 Sperm sorting has also 
been performed using magnetic activated cell sorting (MACS), in 
addition to standard sperm preparation techniques, such as differential 
density gradient centrifugation (DGC) followed by the swim-up (SU) 
method. The MACS method has demonstrated positive effects on the 
embryological and clinical outcomes of IVF/ICSI cycles.15 To select 
the preferred method of sperm preparation for patients with high DFI, 
the comparison of MACS combined with standard sperm preparation 
(MACS-DGC-SU) methods with the conventional method (DGC-SU) 
was evaluated in Chinese men with high DFI during their IVF/ICSI 
cycles.

PARTICIPANTS AND METHODS
Experimental design
This prospective study was performed in the Center for Reproductive 
Medicine of Nanjing Drum Tower Hospital (Nanjing, China) between 
January 2018 and December 2019. It was approved by the Nanjing Drum 
Tower Hospital Ethics Committee (approval No. SZ-2018-MASS1). A 
total of 86 couples who were treated with IVF/ICSI due to female 
tubal and pelvic factors were included. All the participants signed 
informed consent. This was the first IVF/ICSI cycle for all the couples 
included. The indications for IVF/ICSI included unknown factors 
and mixed factors. Males aged 20–45 years old and sperm DFI ≥30% 
were included in the study. Males with anatomic abnormalities in the 
testis, epididymis, or vas deferens, or chromosomal abnormalities 
were excluded from the study. Females with an age >40 years, 
decreased ovarian reserve determined by follicle-stimulating hormone 
(FSH >15 mIU ml−1), thin endometrium (<7 mm on the day of embryo 
transfer), congenital uterine malformation, polycystic ovary syndrome, 
chromosomal abnormalities, endometriosis, adenomyosis, or ovulation 
failure were excluded from the present study. Six couples were excluded 
because of cycle canceled or no viable reagent (Table 1). The included 
couples were divided into two groups, namely, the MACS group with 
MACS combined with DGC and SU as sperm preparation techniques 
(n = 39) and the control group with DGC and SU as sperm preparation 
techniques (n = 41). The couples were grouped in the MACS group or 
control group by random. Randomization was performed through the 
use of a computer-generated table of random numbers. Randomization 

was carried out by one of the investigators who did not participate 
in the inclusion of patients or in the medication treatments. All 
participants were treated with levocarnitine (L-carnitine, Via Pontina 
Km, Rome, Italy) at a dose of 1 g per day orally for 1 month before 
controlled ovarian hyperstimulation. The present study is registered 
on the Clinical Trials website (No. NCT03968367).

Controlled ovarian hyperstimulation protocols
The women included in the present study were treated with a long-term 
protocol. The long-term protocol was initiated on day 2 of the menstrual 
cycle with the administration of the gonadotrophin-releasing hormone 
analog triptorelin (Decapeptyl, Ferring AG, Barr, Switzerland) at a daily 
dose of 1 ml (3.75 mg) subcutaneously. Following 4–6 weeks, ovarian 
stimulation was initiated with a daily dose of 100–225 IU recombinant 
FSH (Gonal F; Merck Serono, Geneva, Switzerland). Before ovarian 
stimulation, desensitization was achieved (i.e., estrogen ≤0.05 nmol l−1, 
follicles ≤5 mm in diameter, and endometrial thickness ≤5 mm). 
Human chorionic gonadotrophin (HCG) was administered when the 
diameter of the leading follicle reached 18–20 mm. Oocyte retrieval 
was performed 36 h following HCG administration.

Sperm preparation
Sperm DFI measured by a sperm chromatin structure assay (SCSA) 
was performed 1–2 months before oocyte retrieval for all male 
patients. On the day of oocyte retrieval, the selected sperm sample 
was assessed for volume, concentration, motility, and morphology 
according to the World Health Organization (2010) criteria.1 In 
the control group, the assessed samples were processed with classic 
semen preparation techniques, which included DGC followed by 
SU. The seminal fluid was removed by DGC (SpermGrad; Vitrolife, 
V.Frölunda, Sweden) followed by centrifugation (KUBOTA 2420,  
KUBOTA, Osaka, Japan) at 400g for 20 min. The sperm cells were 
resuspended and washed in 3 ml of SpermRinse (Vitrolife) followed 
by centrifugation at 300g for 10 min. The pellet was resuspended in 
0.2 ml of IVF medium (Vitrolife) and incubated for 0.5 h at 37°C. The 
nonapoptotic spermatozoa in the sperm samples derived from the 
MACS group were isolated by MACS before DGC and SU. A total of 
1 ml of sperm samples were mixed with 2 ml of MACS ART binding 
buffer, and the samples were centrifuged at 300g for 4 min. The sperm 
samples were incubated with 100 μl of MACS ART annexin-V reagent 
for 15 min at room temperature. MACS ART binding buffer was added 
to a total volume of 500 μl according to the protocol provided by the 
manufacturer (Annexin-V MicroBead Kit; Miltenyi Biotec GmbH, 
Bergisch Gladbach, Germany). The suspension was transferred to a 
separation column (MiniMacs; Miltenyi Biotec GmbH). The labeled 
annexin-V-positive spermatozoa were retained in the column, and the 
annexin-V-negative viable spermatozoa passed through the column. 
The latter spermatozoa were further processed by DGC and SU.

Embryo culture, assessment, vitrification, and warming
Fertilized oocytes were cultured in fertilization medium 
(Cook, Brisbane, Australia) and examined for the presence of 
pronuclei at 16–18 h following fertilization. The fertilized zygotes 
(2 pronucleus; 2PN) were cultured in SAGE 1-Step continuous culture 
medium (Origio, Malov, Denmark) before embryo transfer on day 3 or 
5. Day 3 embryo assessment was divided into three grades according 
to Istanbul consensus: Grade 1 embryos had stage-specific cell-sized 
mononucleated blastomeres with <10% fragmentation; Grade 2 
embryos were the stage-specific cell size for the majority of cells, 
with no evidence of multinucleation and 10%–25% fragmentation; 
and Grade 3 embryos had non-stage-specific cell-sized blastomeres, 

Table 1: Comparison of clinical baseline data between the MACS and 
control groups

Clinical variable Control 
group

MACS 
group

t/Z P

Total number of retrieved oocyte cycles (n) 41 39

Female age (year), mean±s.d. 30.4±3.7 30.1±4.5 0.36 0.71a

Male age (year), mean±s.d. 32.1±5.1 31.3±4.9 0.75 0.45a

Infertile duration (year), mean±s.d. 4.1±2.6 3.6±2.5 0.87 0.39b

Female BMI (kg m−2), mean±s.d. 22.3±2.8 21.5±3.1 1.13 0.26b

Basal FSH (IU l−1), mean±s.d. 7.3±1.7 7.6±1.9 0.77 0.44a

Antral follicle count (n), mean±s.d. 17.3±5.5 19.7±6.8 1.68 0.09b

Sperm concentration (×106 ml−1), mean±s.d. 35.8±36.3 28.9±26.1 0.98 0.32b

Sperm motility (PR + NP, %), mean±s.d. 23.2±21.5 17.8±13.8 1.34 0.18a

Normal sperm morphology (%), mean±s.d. 2.6±2.6 2.7±2.8 0.13 0.90a

Sperm DFI (%), mean±s.d. 38.2±5.1 40.1±12.1 0.93 0.35b

aStudent’s t-test, bMann–Whitney U test. t/Z value represented the statistical results of 
Student’s t-test or Mann–Whitney U test. MACS: magnetic activated cell sorting; DFI: DNA 
fragmentation index; PR: rate of progressively motile sperm; NP: rate of nonprogressively 
motile sperm; s.d.: standard deviation; BMI: body mass index; FSH: follicle-stimulating 
hormone
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evidence of multinucleation and severe fragmentation (>25%). 
Grade 1 was considered a high-quality embryo, and Grades 1–2 were 
considered transferable embryos. The supernumerary embryos were 
cultured until the 5th or 6th day for the development of blastocyst-stage 
embryos following embryo transfer on day 3. The blastocyst stage 
embryos were cryopreserved. The blastocysts were graded according 
to Gardner et al.16 In brief, blastocyst grading includes a morphological 
assessment of blastocyst expansion (Grade I–VI), inner cell mass 
(Grade A–C), and trophectoderm (Grade A–C). Grade I–II embryos 
were considered high-quality embryos, and Grade I–III transferable 
embryos were considered high-quality embryos. More than IV BB 
blastocysts were considered high-quality blastocysts. More than IV 
CC blastocysts were transferable blastocysts. The cryopreservation and 
warming of embryos were performed by Vitrification and Thawing 
KITs (Kitazato BioPharma Co., Ltd., Fuji, Japan). The procedures were 
performed in strict accordance with the manufacturer’s instructions.

Embryo transfer
Embryo transfer was scheduled without inappropriate conditions 
for transplantation in the fresh cycle. In total, 1–2 embryos were 
transferred into the uterus by abdominal ultrasound on the 3rd 
or 5th day following oocyte retrieval. Dydrogesterone tablets 
(Duffton, Abbott, Weesp, The Netherlands) and progesterone 
sustained-release vaginal Gel (Crinone, Merck Serono, Switzerland) 
were used for corpus luteum support.

The patients who were at risk of ovarian hyperstimulation, higher 
progesterone levels on the day of HCG injection, or other conditions, 
such as fever, intra-abdominal cavity bleeding, and lack of pregnancy 
following fresh cycle transplantation, were subjected to frozen-thawed 
embryo transfer. In the frozen-thawed embryo transfer cycle, the 
endometrium was prepared by modified natural cycle or hormone 
replacement therapy as previously described.17 Corpus luteum support 
with progesterone was continued until the 10th week of pregnancy.

Follow-up and observation indicators
Serum β-HCG was measured 2 weeks following embryo transfer. 
Serum β-HCG ≥100 IU l−1 was used to define biochemical pregnancy. 
Transvaginal ultrasound examination was conducted following 4–6 
weeks. Clinical pregnancy was defined as the presence of an intrauterine 
gestational sac and the active fetal heartbeat. Live birth was defined 
as persistent pregnancy until 28 weeks with at least 1 surviving child 
during birth. The main observation indicators and their definitions 
were as follows: normal fertilization rate (%) = number of oocytes 
with 2PN and two polar bodies on day 1/total number of MII oocytes 
× 100%; the cleavage rate (%) = number of cleavage-stage embryos 
on day 2/number of normal fertilized oocytes × 100%; the blastocyst 
formation rate (%) = number of blastocyst formations on day 5 and 
day 6/number of cultured cleavage-stage embryos on day 3 × 100%; 
transplantable embryo rate (%) = available number of transplantable 
embryos/2PN cleavage-stage embryos × 100%; and cumulative LBR 
(%) = number of live births in each egg retrieval cycle (fresh and 
frozen-thawed embryo transfer)/total number of oocyte retrieval 
cycles × 100%. The follow-up period lasted for 18–36 months from the 
day of oocyte retrieval. During the follow-up period, all patients had 
completion of live birth or no available embryos left in the included 
oocyte retrieval cycle.

Statistical analyses
The Statistical Package for the Social Sciences (SPSS version 24.0; IBM 
Corp., Chicago, IL, USA) was used for statistical analysis. The results 
are expressed as the mean ± standard deviation (s.d.). Student’s t-test 

was conducted to compare the clinical baseline data of continuous 
variables between the two different groups, and the Mann–Whitney 
U test was conducted to compare continuous variables with a skewed 
distribution. The Chi-square test was used for comparisons of the 
clinical pregnancy rate, implantation rate, and LBR between the groups. 
P < 0.05 indicated significant differences.

RESULTS
A total of 86 patients consented to participate in the study, and two 
patients dropped out prior to ovarian stimulation for personal reasons. 
A total of 42 patients (aged 24–38 years) received MACS-DGC-SU for 
sperm preparation, and three patients dropped out due to no viable 
reagent or canceled for personal reasons. The remaining 42 women 
(aged 24–38 years) received the conventional method (DGC-SU), and 
one patient dropped out due to a canceled cycle (Figure 1). No patients 
were lost during follow-up. The cycle cancelation rate was comparable 
between the MACS and control groups.

The clinical characteristics of the population are summarized 
in Table 1. The patients’ baseline characteristics, including age, 
infertility duration, female body mass index (BMI), basal FSH, and 
antral follicle count, were comparable between the two groups. No 
significant differences were noted between the control and MACS 
groups (all P > 0.05; Table 1). The sperm parameters (concentration, 
motility, and morphology) on the day of oocyte retrieval were also 
compared between the MACS and control groups, and there were 
no significant differences in these parameters (all P > 0.05; Table 1).

In addition, the dosage and duration of gonadotropin used were 
comparable between the two groups. The number of oocytes retrieved 
(13.0 ± 5.0 vs 13.7 ± 6.4, P = 0.60) was similar in the two groups. No 
significant differences were noted with regard to the normal fertilization 
rate (77.1% vs 76.6%, P = 0.85), cleavage rate (98.3% vs 97.8% P = 0.62), 
blastocyst formation rate (65.4% vs 66.5%, P = 0.80), transplantable 
embryo rate (59.7% vs 61.8%, P = 0.59) or lack of available embryos 
(4.9% vs 2.6%, P = 0.58) between the control and MACS groups 
(Table 2).

The IVF/ICSI clinical outcomes of the first embryo transfer cycles 
were compared between the two groups. The clinical pregnancy 
rate (59.0% vs 65.8%, P = 0.54), implantation rate (55.6% vs 53.6%, 
P = 0.83), early miscarriage rate (5.1% vs 2.6%, P = 0.57), and twin 
rate (30.4% vs 20.0%, P = 0.40) of the first embryo transfer cycles were 
not significantly different between the control and MACS groups 
(Table 2). In addition, in the first fresh embryo transfer cycle, there was 
no significant difference in the proportion of day 3 or day 5 fresh embryo 

Figure 1: Flow diagram of patient selection for a randomized controlled 
study examining the effects of magnetic-activated cell sorting of 
nonapoptotic spermatozoa on IVF/ICSI outcomes. IVF: in vitro fertilization; 
ICSI: intracytoplasmic sperm injection.
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transfer between the two groups. There was no significant difference 
in clinical results on day 3 or day 5 fresh embryo transfer between the 
control and MACS groups (data not shown here). It is worth noting 
that the LBR of the first embryo transfer cycles (63.2% vs 53.9%) and 
the cumulative LBR were higher in the MACS group (79.5% vs 70.7%) 
than those in the control group, although no significant differences were 
observed (both P > 0.05). In addition, the mean number of transferred 
embryos (1.7 ± 0.7 vs 2.3 ± 1.6, P = 0.03) and the mean transfer number 
(1.2 ± 0.5 vs 1.6 ± 0.8, P = 0.02) of each retrieved cycle until live birth were 
significantly lower in the MACS group than those in the control group.

DISCUSSION
In assisted reproduction cycles, the quality of sperm is vital for optimal 
clinical outcomes. In addition to the motility and deformity of the 
sperm, its DFI indicates its ability to deliver an integral nucleus. This 
participates in maintaining a healthy pregnancy.18 It is clear that sperm 
DNA damage causes adverse effects on reproductive outcomes. Since 
effective treatment modalities to improve sperm DNA damage are 
limited, the noninvasive sperm optimization technology has been 
applied to select sperm free of DNA damage before IVF-ET in addition 
to the standard sperm preparation-DGC and SU methods.

MACS is a procedure that utilizes the annexin V-conjugated 
microbead technique to remove spermatozoa with externalized PS 
during sperm preparation. The first clinical trial of the MACS-DGC 
procedure was reported by Dirican et al.19 in patients with 
oligoasthenozoospermia in 2008. Furthermore, Rawe et al.20 reported 
live birth for the first time in 2010 using the ICSI procedure following 
MACS. Nonspecific binding of the eluted spermatozoa was excluded, 
and the safety of this novel technique was confirmed by preliminary 
observations.21,22 Previous results indicated that MACS coupled with 
DGC can lead to a significant reduction in sperm DNA fragmentation 
and higher sperm viability.23 However, whether the use of MACS exerts 
positive effects on clinical outcomes in IVF/ICSI remains controversial. 
In the present study, MACS coupled with DGC and SU was performed 
in 39 semen samples (MACS group), whereas the DGC and SU methods 

were performed on a separate set of 41 semen samples (control group) 
during sperm preparation. Nonapoptotic spermatozoa were isolated by 
the MACS procedure in the study group. The parameters of cleavage, 
fertilization, pregnancy, and early miscarriage rate of first embryo 
transfer cycles were compared between the two methods of sperm 
preparation. The majority of the studies conducted previously evaluated 
a single embryo transfer cycle. However, in the present study, the 
cumulative pregnancy rate was estimated for the entire IVF/ICSI cycle.

Initially, the potential of MACS to improve the status of the embryo 
was assessed. The results suggested that MACS sperm sorting could not 
affect the normal fertilization rate or the rate of transferable embryos 
for patients with high DFI. Romany et al.24 indicated that MACS could 
not improve the fertilization rates and embryo quality rates in the ICSI 
procedure performed on unselected male subjects. However, it has 
been found that the elimination of apoptotic spermatozoa by MACS 
could increase the fertilization rate and embryo quality in couples 
with unexplained infertility (UI)25 or severe male factor infertility26 
treated with ICSI. The possible reason for these contradictory results 
may be the differences in the selected population. It has been shown 
that unselected males cannot benefit from MACS. However, in 
couples with UI and severe male factor infertility, who tend to have 
low fertilization rates, the use of current IVF procedures may result in 
improved embryological outcomes. In the present study, the enrolled 
women were those with normal ovarian reserve, and the retrieved 
oocytes exhibited optimal quality. Fertilized high-quality oocytes 
may partially repair the DNA integrity of the sperm, thereby forming 
a higher-quality embryo. However, the mechanism of sperm DNA 
repair in fertilized oocytes is still unclear.27 The repair effect of fertilized 
oocytes on damaged sperm DNA is associated with the extent and type 
of DNA damage and the capacity of the oocyte to repair this damage.28 
The fertility method (IVF/ICSI) could also explain the contradictory 
results. Whether men with normal semen and increased DFI should 
choose ICSI to improve their clinical outcome remains unknown. The 
current evidence is insufficient and debatable.29 These findings have 
been attributed to the preference of ICSI in men with high sperm DFI. 

Table 2: Comparison of clinical and laboratory indicators between the two different DNA fragmentation index groups

Indicator Control group MACS group Z/χ2 P

Total number of oocyte-retrieved cycles (n) 41 39

Dosage of Gn used (IU), mean±s.d. 1914.0±557.4 1986.2±642.2 0.54 0.59a

Duration of Gn used (day), mean±s.d. 10.8±2.0 11.5±2.3 1.55 0.12a

Number of oocytes retrieved (n), mean±s.d. 13.0±5.0 13.7±6.4 0.52 0.60a

Normal fertilization rate, % (n/total) 77.1 (361/468) 76.6 (321/419) 0.03 0.85

Cleavage rate, % (n/total) 98.3 (355/361) 97.8 (314/321) 0.24 0.62

Blastocyst formation rate, % (n/total) 65.4 (151/231) 66.5 (131/197) 0.06 0.80

Transplantable embryo rate, % (n/total) 59.7 (212/355) 61.8 (194/314) 0.29 0.59

No available embryo rate, % (n/total) 4.9 (2/41) 2.6 (1/39) 0.29 0.58

Number of good quality embryos transferred of first embryo transfer cycles (n), mean±s.d. 1.3±0.6 1.5±0.5 1.16 0.25a

Clinical pregnancy rate of first embryo transfer cycles, % (n/total) 59.0 (23/39) 65.8 (25/38) 0.38 0.54

Implantation rate of first embryo transfer cycles, % (n/total) 55.6 (30/54) 53.6 (30/56) 0.04 0.83

Early miscarriage rate of first embryo transfer cycles, % (n/total) 5.1 (2/39) 2.6 (1/38) 0.32 0.57

Twin pregnancy rate of first embryo transfer cycles, % (n/total) 30.4 (7/23) 20.0 (5/25) 0.70 0.40

LBR of first embryo transfer cycles, % (n/total) 53.9 (21/39) 63.2 (24/38) 0.68 0.41

Mean transfer number of each retrieved cycle (n), mean±s.d. 1.6±0.8 1.2±0.5 2.25 0.02*,a

Mean transfer embryo number of each retrieved cycle (n), mean±s.d. 2.3±1.6 1.7±0.7 2.14 0.03*,a

Cumulative LBR, % (n/total) 70.7 (29/41) 79.5 (31/39) 0.82 0.37
*P<0.05, aMann–Whitney U test, Z/χ2 value represented the statistical results of Mann–Whitney U test or Chi-square test. Cleavage rate (%)=number of cleavage-stage embryos on day 
2/number of normal fertilized oocytes ×100%; blastocyst formation rate (%)=number of blastocyst formation on day 5 and day 6/number of cultured cleavage-stage embryos on day 3 ×100%; 
transplantable embryo rate (%)=available number of transplantable embryos/2PN cleavage-stage embryos ×100%; cumulative LBR (%)=number of live births in each egg retrieval cycle 
(fresh and frozen-thawed embryos transfer)/total number of oocyte retrieval cycles ×100% (the follow-up lasted for 18–36 months from the day of oocyte retrieval; and during the follow-up 
period, frozen embryos were not collected from patients without live births). LBR: live birth rate; 2PN: 2 pronucleus; MACS: magnetic activated cell sorting; s.d.: standard deviation
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The selection of morphologically normal motile sperm may in part 
result in the improvement of clinical outcomes.27 Although relatively 
normal-looking sperm cells have been selected in ICSI insemination, it 
is impossible to confirm the DNA integrity and intrinsic quality of the 
selected sperm cells. By comparison, IVF is a more natural method of 
insemination. However, insufficient data are present in the literature to 
confirm significant differences in the repair ability of oocytes between 
ICSI and IVF. Therefore, IVF/ICSI was selected based on the density 
and mobility of the sperm cells but not on DFI. Therefore, it can be 
concluded that DFI is not an independent indicator that can be solely 
used to predict the embryological outcome during IVF/ICSI.30,31

Furthermore, the present study aimed to identify the clinical 
outcomes of the first embryo transfer cycles following MACS 
application. The data suggest no significant differences at the clinical 
pregnancy, implantation, and early miscarriage rates of the first embryo 
transfer cycles between MACS group and control group. However, there 
was a tendency to improve the LBR with MACS (63.2%) compared with 
control samples (53.9%). Dirican et al.19 reported significantly lower 
pregnancy and implantation rates in the study group. No significant 
differences were noted in the pregnancy rates when the MACS-ICSI 
procedure was applied in oocyte donation cycles.24 Herrero et al.32 also 
reported an increase in the LBR by using DGC-MACS. Significantly 
higher LBR was noted following IVF in men with low sperm DNA 
fragmentation compared with that noted in men with high sperm 
DNA fragmentation when a combination treatment of IVF and ICSI 
was used.33 The use of the first embryo transfer cycles as a parameter in 
evaluating the efficiency of MACS in ART exhibits certain limitations. 
Therefore, the cumulative LBR, the mean number of transferred 
embryos and the mean transfer number of each retrieved cycle until 
live birth were compared between the control and study groups. The 
results suggested that the mean number of transferred embryos and 
mean transfer number of the MACS group were significantly decreased 
compared with those of the control group. The cumulative LBR of 
the MACS-DGC-SU group was increased compared with that of the 
DGC-SU group, although the difference was not statistically significant. 
These results suggested that sperm DNA integrity was closely associated 
with overall embryonic development and quality. MACS sperm sorting 
could reduce the number of transplanted embryos and the time to 
pregnancy. It is not currently known whether specific populations can 
particularly benefit from MACS sorting, such as women who are older 
or have poor ovarian function.34 These findings have to be investigated 
in future trials with larger and more stratified sample groups.

CONCLUSION
In summary, the application of the combination of MACS and standard 
sperm preparation in ART could be a reliable strategy to enrich sperm 
with higher chromatin quality spermatozoa and improve assisted 
reproductive outcomes. The mean number of transferred embryos 
and the mean transfer number of each retrieved cycle of the MACS 
group were decreased compared with those of the control group. In 
addition, the LBR of the first transfer cycle and cumulative LBR were 
both elevated. However, the comparison of the cumulative LBR may 
yield significant differences between the two groups if a higher number 
of patients with high DFI are enrolled.
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