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INTRODUCTION

Iterations in sperm parameters such as count,
motility and morphology, leads to the inability to

ABSTRACT

Background: Microfluidics (MF), an advanced sperm sorting technology results in
the extraction of spermatozoa with higher DNA integrity and lower DNA damage
compared to existing conventional sperm sorting methods. Aims: The aim of the
present study is to assess the efficiency of MF and to isolate the best spermatozoa
for intracytoplasmic sperm injection (ICSI) over the density gradient (DG)
technique. Study Setting and Design: We recruited couples who choose the oocyte
donation programme for this study to eliminate confounding factors associated with
oocyte quality. Materials and Methods: Sperm was processed by MF (n = 180)
and DG (n = 151). ICSI was performed and positive pregnancy, miscarriage and
clinical pregnancy rates were compared. Statistical Analysis: All variables were
analysed using Graph Pad Prism 5. The unpaired two-tailed #-test was used to
assess the significance. A value of P < 0.05 was considered statistically significant.
Results: There was no significant difference in pregnancy rates between the
groups. However, a clear demarcation is seen in terms of clinical pregnancy rates,
where the DG group achieved higher clinical pregnancies (91.7%) compared to
the MF group (80.7%). Further, we compared miscarriage rates and biochemical
pregnancies, and found a significantly higher miscarriage and biochemical
pregnancy rate in the MF group (14.5% and 4%, respectively) compared to the
DG group (6% and 1%, respectively). Conclusions: Based on the available
literature, we anticipated a higher clinical pregnancy rate with MF compared with
conventional processing. Our results show MF does not have any add-on positive
effect on clinical pregnancy rate.

KeywoRrbps: Density gradient, DNA integrity, intracytoplasmic sperm injection,
miscarriage rate, sperm DNA damage

competent and motile spermatozoa can be obtained
by various methods such as density gradient (DG)
centrifugation and swim-up procedures. This selection

achieve a successful pregnancy in a normal fertile female
which directs to the diagnosis of male factor infertility.
In patients with significantly altered sperm parameters,
intracytoplasmic sperm injection (ICSI) is the chosen
method of treatment for conception. A significant step in
assisted reproductive technology (ART) for male factor
infertility is the selection of a sperm separation technique
in an ICSI cycle. The pure population of functionally
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method should consider determinants such as progressive
motility, morphology, DNA integrity and maturity of
spermatozoa for successful pregnancy outcomes.!'?! It has
been suggested that the sperm selection method which
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can mimic the natural selection process of spermatozoa
in the female reproductive tract for fertilisation will result
in a better population of spermatozoa for ART.

Conventional sperm preparation techniques such as
swim-up and DG are popular and highly practiced.
Although conventional methods are cost-effective and
recover high motile spermatozoa, they also possess
disadvantages of low yield, generation of reactive oxygen
species (ROS) and causing significant damage to sperm
DNA during the process.”! In addition, these techniques
perform better in expert hands and the possibility of
errors in the procedure exists with the inexperienced.

The newer generation sperm selection methods which
work based on microfluidics (MF) technology gained
momentum as they extract spermatozoa with good
motility and lower DNA fragmentation index (DFT).34
MF devices mimic the natural physiological way of
sperm selection replicating swimming through a variable
micro-fluidic environment in the female reproductive
system. MF operates on the principle of fluid dynamics
in a space-constricted environment. In an MF device,
motile sperm would be able to deviate from their initial
stream-of-flow, cross the inter-streamline, and be isolated
and enriched.® The complete liquid manipulation inside
the micro channel system isolates motile and high-quality
spermatozoa that are most likely to fertilise the eggs
successfully. Sorting relies on the sperm’s own ability
to swim out of the fluid stream and move through the
micro channels, thus reducing the risk of stress-induced
damage. In natural conception, biologically, spermatozoa
swim through a variable fluidic environment in the
female reproductive system that may serve as a barrier to
filter out the abnormal from the normal sperm. Although
many of the characteristics of the oviductal environment
are impossible to reproduce during sperm sorting, some
features such as unidirectional laminar or gradient flow
can be achieved in a MF environment. The idea is to
mimic these features and minimise the risk of damage to
the spermatozoa, that is, in a sense, a biomimetic sorting
mechanism based on sperm motility.

Evidence-based studies show a significant variation
between classical sperm processing techniques and MF
in terms of sperm DNA integrity, the high number of
euploid embryos and high positive pregnancy rates.[®7]
With this background, we wanted to assess the efficiency
of MF sperm sorter over DG processing in donor
oocyte-recipient cycles.

SUBJECTS AND METHODS
Study subjects

The study has
Ethics

been approved by Institutional
Committee with the approval number 06/

IIRC-MFH/2021 and conducted according to the
principles outlined in the Declaration of Helsinki 2013.
Written informed consent was obtained from the study
participants. Couples opting for egg donation with poor
ovarian reserve due to advanced age, with previous
multiple (IVF) Invitro Fertilization failures or poor
response in previous ovarian stimulation cycles were
recruited into the study to eliminate the possibility of
oocyte factors. If transvaginal ultrasound of women
showed any evidence of submucous myomas, polyps
and synechiae, they were excluded from the study.
Endometrial biopsy was performed before starting
the treatment cycle to eliminate the possibility of
endometrial tuberculosis, chronic endometritis and the
presence of natural killer cells which could negatively
affect implantation. The minimum endometrial thickness
during the embryo transfer (ET) was >7 mm with
Doppler showing zone-3 flow.

The male partner’s semen parameters were analysed
in the laboratory following WHO 2010 guidelines. All
men were asked to stop smoking and lifestyle changes
were made pre-treatment. Only those men with a normal
karyotype were selected for the study. Routine semen
culture was performed to rule out infection before ICSI.
All men were tested for sperm DFI by sperm chromatin
structure assay (SCSA).® After approximately 2 months
of oral antioxidants supplements before the treatment
cycle. An abstinence period of 24 h was advised to
all men before they produced the semen sample on
the day of ICSLP'® On the day of ICSI, two samples
were collected 1-2 h apart and the second sample was
analysed and used in both groups. Sperm samples taken
up for processing and were randomly allocated into
MF (n = 180) and DG group (n = 151). Needed sample
size for the study was calculated at a confidence level
of 95% and margin error 5%. As per the calculation, a
minimum of 123 participants in MF and 109 participants
in DG s group is required.

Sperm DNA fragmentation test by flow cytometry
sperm chromatin structure assay

The Frozen semen samples were thawed and immediately
transferred to Tris 10 mM, EDTA 1 mM, NaCl 100
mM buffer (TNE buffer). The samples were stained
for flow cytometry assay as described previously.[ !
The stained samples were assessed in the Fluorescence-
Activated Single Cell Sorting (FACS CALIBURTM) flow
cytometer (BD Biosciences, San Jose, CA, USA).
Approximately 5000 sperm were analysed at an event
rate of 100-250 events/s. Each sample was analysed in
duplicate and these replicates of the data were utilised
for the percentage of sperm with measurably increased
red fluorescence (sperm with fragmented DNA)
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and those with high DNA stainability (HDS) using
proprietary SCSA soft®. The results were generated as a
clinical report expressed as (%DFI) and (%HDS).

Donor stimulation and oocyte retrieval

Oocyte donor stimulations were done by starting
with programming using oral contraceptive pills or
norethisterone. On day 2 of their current menstrual
cycle depending on the individual case recombinant
hormones follicle-stimulating hormone, luteinising
hormone and human menopausal gonadotrophin were
used for stimulation. The parameters considered for dose
calculation were age, body mass index (BMI), right and
left ovaries antral follicle count, volume and vascularity.

For all the donors’ fixed antagonist protocol was
followed. From day 5 of the stimulation follicular growth
was monitored under transvaginal ultrasonography and
once the follicles were 17-18 mm, 0.3 mg decapeptyl
was given as a trigger for final oocyte maturation. The
oocyte retrieval was planned for 35 h after the trigger.

Oocytes were collected and cultured in single-step
medium layered under mineral oil for a period of 2-3 h.
Cumulus cells were stripped and oocytes were graded
for maturity and each recipient received an average of 8
mature oocytes.

Sample preparation using discontinues density
gradients

The two-step DG was prepared in a conical tube. First,
0.8 ml of the 80% (V/V) DG lower layer media was
placed at the bottom of the tube. Then, the 40% (V/V)
DG top layer media was gently layered over the 80%
media following which the semen sample was layered
on top of it. The tube was centrifuged for 10-12 min
at 300 g. A soft pellet of motile spermatozoa formed
at the bottom of the tube. The pellet was later washed
with Origio sperm wash medium for 5 min. The sample
was kept at 35°C and was used for ICSI within 2 h
post-processing.

Sperm selection by microfluidics

The MF sperm sorter (Qualis) was fixed in a 60 mm
culture dish (Falcon) and the streamlines in the MF
channels were created by loading 100 ul of sperm
washing medium into A, B, C and D chambers with
a sterile micropipette. Immediately, the medium was
removed from all four chambers with the micropipette.
Chambers C and D were then loaded with 20 ul of
sperm washing media and chambers B and A were
loaded with 100 ul of sperm washing media and 65 ul
of thoroughly mixed semen, respectively. The slide was
then kept in the incubator at 37°C for 30 min. The
contents in the A and B chambers flew parallel to each
other and exit through their opposite wells, i.e., A/D,

B/C. Spermatozoa sorted depending on their ability
to swim across these two streams. Highly motile
spermatozoa swam and deposited in outlet C, whereas
immotile sperm kept flowing towards outlet D. After
30 min, spermatozoa (25-30 ul) from outlet C were
collected with the sterile micropipette and loaded into
the Polyvinylpyrrolidone (PVP) droplet of ICSI dish and
used for injection.

Intracytoplasmic sperm injection and culture till
day 5

During ICSI, from the processed sample, sperm was
selected under high magnification based on its motility
and morphology. Once injected, the oocytes were
transferred to a culture dish with 30 pl drops of one-step
media under oil. A maximum of four oocytes were
cultured in each drop. The culture dish was placed in a
conventional incubator and cultured at 37°C, 6.5% CO2
and 5.0% O2 for 5 days.

After a fertilisation check on Day 1, on Day 5 of culture,
the embryos were screened and the blastocysts were
graded as per Gardener and School Craft grading.'¥) For
all the study patients, two best quality fully expanded
blastocysts with the minimum quality of 3BB were used
for transfer. The remaining blastocysts were vitrified.
The frozen ETs were not part of the present study.

Preparation of endometrium and embryo transfer
Programming of the cycle of the recipient of the donor
oocyte was done by norethisterone given for a period
of 7 days from the 23" -day of the cycle. Ultrasound
scan is done to rule out a cyst and decapeptyl is given
for 10 days. Serum estradiol and progesterone levels are
checked on day 2 and tablet estrodiol valerate 12 mg
in divided doses is given for 12 days. If scan reveals
an endometrium thickness is >7.0 mm with good
endo texture injection progesterone (gestone 50 mg) is
started once a day on 1% day and increased to 100 mg
once a day for 4 days. One day before ET i.e., on day
5 of gestone, serum progesterone level was checked.
Endometrial thickness was monitored for compaction. If
progesterone levels were found to be <30 an additional
gestone 50 mg was added and continued till the day of
pregnancy.

ET was performed with labotech ET catheter 19 cm
under ultrasound guidance and embryos were deposited
at the position of maximum implantation potential. The
pregnancy test was advised 14 days post-ET.

Post ET 8% crinone vaginal gel once at bedtime and
tablet duphaston 10 mg twice a day was added and
continued till the day of the pregnancy test.
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Pregnancy assessment S |RE
Beta-human chorionic gonadotropin hormone ($-HCG) S,'; 3 E
>200 units, 14 days after the ET in blood was considered g |2 %]
positive pregnancy. Clinical pregnancy was confirmed - %
on visualisation of an intrauterine gestational sac on -~ |22 E
ultrasound at 8 weeks. A miscarriage was documented s % % &
when there was spontaneous expulsion of the products E RS <ZC
of conception from the uterus after the conformation X2 2
of a gestational sac on ultrasound. A biochemical - éﬂ
pregnancy was defined as bleeding and a fall in the =82 o
B-HCG after a positive B-HCG but before confirmation 2g % Er =
of the pregnancy on ultrasound. E= é g _§"
Statistical analysis é o g
All statistical analyses were performed using GraphPad E = S k5
Prism 5.0 version (GraphPad Software). Mean and gg id §
standard deviations were calculated between defined #9017 I e
groups. t-test was performed, followed by Mann— o “;
Whitney U and )2 tests to assess the statistical variations 2 | . E
between groups. Unpaired z-test was applied to obtain S |8 8§ %
P values. A value of P < 0.05 was considered statistically E ﬁ %‘ =Rl 1a]
significant. HERIER ks
RESULTS 212 é’

. =)
Demographics . ' § s _§
The mean age, BMI, history of smoking, semen =2 o
parameters and sperm DFI (SCSA) with standard g = o o %
deviations of both groups are shown in Table 1. There e E % % % ﬁ
is no noticeable variation in the basic characterlst.lcs gn 55 I
between the groups except the average sperm motility. g C A
The average sperm motility in MF and DG is 2 = ::3
17.66 £ 9.78 versus 13.54 + 7.15 (P < 0.05), respectively. o o E‘J
Clinical pregnancy rates .ié P ;; 33 g
All the participants who opted oocyte donation =lEF IR 2|8
cycle were part of the study to avoid oocyte-related = R
confounding factors that may influence the study = NiERe ;
outcome. There was no significant difference in the E g 33 %
percentage of positive pregnancies (MF 69% vs. DG S R I
65%) and negative pregnancies (MF 31% vs. DG 35%) oo §
between both groups. However, a marked variation is 2 S|E
observed in the clinical pregnancy rate, where is as the 204 1|E
DG group achieved higher clinical pregnancies (92%) ? = Ef. E g g
compared to MF group (81%) [Table 2]. I RS i ":;vsn
The abortion rate and biochemical pregnancy rates ;-;n ) ﬁ E g‘g
were significantly higher in the MF group (14% and % 4 & ‘ég
4%, respectively) compared to DG group (6% and 1%, Bl = 5 0
respectively) (P = 0.01) [Table 2]. g/
Miscarriage rate £ 55
We tried to analyse the possible reasons for the higher § = ?) '15
abortion rate in the MF group. The possible role of 2 %? ? 'e§,§
women’s age, infections and any other uterine factors £ FIEEEE %
which effects the implantation and contribute to the %;} S RS
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continuation of pregnancy were analysed in both groups.
The mean age of women who had miscarriage and
clinical pregnancy in the MF group is 32.82 + 6.14
versus 32.79 + 5.38, respectively [Figure 1] and the DG
group is 37.00 £ 6.78 versus 30.76 + 3.51. The variation
in MF was not found to be significant (P = 0.7), but
the mean age difference between abortion and clinical
pregnancy group in DG cohort was found to be
statistically significant (P = 0.007) where the mean age
of the abortion group is higher than in clinical pregnancy
group [Figure 2]. Two out of 18 women who suffered
from miscarriage in the MF group had endometrial
tuberculosis and both had undertaken anti-tuberculosis
treatment before the ET. Uterine factors were considered.
We analysed endometriosis, adenomyosis, fibroids,
unicornuate and bicornuate uterus and did not find any
significant role.

We evaluated the DFI variation between the miscarriage
group and clinical pregnancy group in both cohorts (Flow
chart-1). There is no significant variation in both MF
cohort (DFI % mean 17.87 + 9.5 versus 17.34 + 8.9
for miscarriage group and clinical pregnancy group,
respectively) [Figure 3] and DG cohort (DFI% mean
18.50 £ 10.39 vs. 17.95 + 12.20 for abortion group and
clinical pregnancy group, respectively) [Figure 4].

DISCUSSION

Sperm isolation techniques play an important role in
Assisted Reproductive Technology (ART) to achieve
higher fertilisation and good embryo development rates.
The selection of the technique is usually dependent on
sperm count and motility. Double DG is the most widely
used procedure to reduce the generation of ROS and to
improve the selection of sperm with lesser DNA damage
for ART.

With advancements in reproductive technology and
improved understanding of sperm physiology and the
molecular reasons for ICSI failure such as sperm DNA
fragmentation, evidence-based studies show high sperm
DFI has a positive correlation with poor fertilisation
and higher miscarriages rates post IVF and ICSI cycles.
Hence, the focus shifted to sperm separation techniques
to recover less damaged, physiologically potent and
genetically competent spermatozoa. Reports have
shown that iatrogenic factors like sperm centrifugation
must be avoided to prevent sublethal damage to sperm
and expose the DNA to the higher concentration of
ROS! MF is a technology that manipulates small
proportions of fluids in microchannels based on the
fluid mechanics principal. This technology isolates
morphologically healthy sperm from the raw ejaculate
by laminar flow by creating gradients hypothesised
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Figure 1: Comparison of female age between clinical pregnancy and
miscarriage groups in microfluidics. No significant variation is observed.
Miscarriage group included abortion, biochemical pregnancy, blighted
ovum and ectopic pregnancy. CP = Clinical pregnancy

Figure 2: Comparison of female age between clinical pregnancy and
miscarriage groups in density gradient. A significant variation is observed.
Miscarriage group included abortion, biochemical pregnancy, blighted
ovum and ectopic pregnancy. CP = Clinical pregnancy

Table 2: Outcome of pregnancy in microfluidics and density gradient

Sperm processing Positive pregnancy, Negative pregnancy,

Fate of positive pregnancy

technique n (%) n (%) Clinical pregnancy, Abortion,  Biochemical Blighted ovum,
n (%) n (%) pregnancy, n (%) n (%)

MF (7=180) 124 (69) 56 31) 100 (81) 18 (14) 5(4) 0 but 1 ectopic (1)

DG (n=151) 97 (65) 54 (35) 89 (91.7) 6 (6) (1) 1(1)

MF=Micro fluidics, DG=Density gradient
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Figure 3: Comparison of sperm DFI percentage between CP group
and miscarriage group in microfluidics. Miscarriage group included
abortion, biochemical pregnancy, blighted ovum and ectopic pregnancy.
DFI = DNA fragmentation index, CP = Clinical pregnancy

to be similar to natural selection. It does not require
any chemical or mechanical manipulation as in DG.
The raw sample is simply introduced into the inflow
from where the morphologically potent and motile
spermatozoa swim through the channel and get
collected into the outflow from where the final sample
is isolated. Hence, selection of sperm using MF allows
us to isolate sperm with high DNA integrity compared
to other separation techniques.'! The advantage of MF
is that it is a single-step protocol and does not require
centrifugation which hence reduces ROS generation and
other adverse effects on sperm.!'®! There is evidence in
the literature stating that since MF yields genomically
intact spermatozoa whole use in ART results in a higher
number of euploid embryos.®

We recruited female partners who required oocyte
donation for various fertility reasons with ICSI of
husband’s sperm to minimise the confounding factors
related to oocyte defects. All the oocyte donors were
young and belonged to evident fertile population. For
better cycle performance and to make use of benefits
of newer technology, based on the literature we decided
using MF in our patients to reduce aneuploidy rate and
increase chances of successful pregnancy further. We
anticipated MF group with higher pregnancies and lower
miscarriage rates. Although the positive pregnancy rates
are higher in the MF group the miscarriage rates were
also significantly higher compared to DG. The potential
confounding variables for miscarriages were already
taken care of while recruiting the subjects into the study.
Sperm DFI of the MF group was comparable to DG
group. In addition, the minor degree of defects in the
spermatozoa DNA fragmentation is shown to be repaired
through ooplasmic repair mechanism.['? Therefore, we

Figure 4: Comparison of sperm DFI percentage between CP group
and miscarriage group in Density gradient. Miscarriage group included
abortion, biochemical pregnancy, blighted ovum and ectopic pregnancy.
DFI = DNA fragmentation index, CP = Clinical pregnancy

assume since our oocytes were obtained from young
donors the ooplasmic mechanisms would have prevented
the possible male genomic defects. The toxicity tests
reports for each batch of MF chip did not reveal
significant observations. Sperm membrane integrity is
one of the most potential parameters that determines
the pregnancy rate. Studies reveal that in sperm
samples with disrupted membrane integrity measured
using the HOS test, the use of MF did not result in
any improvement of membrane integrity.l' However,
it needs validation in a larger cohort to conclude.
In the present study, we anticipated high rate of
successful term pregnancies over conventional methods;
nevertheless, we observed a significant miscarriage rate
in the group of patients under MF sperm sorting. There
is lot of controversies and inconsistent evidence on the
association between sperm DNA integrity and clinical
pregnancy. Moreover, in ICSI, sperm DNA will have
very little effect on fertilisation in the early stages, the
prominent effect of damaged DNA will be exhibited
only during blastulation and embryo implantation.['*2!
We minimised the confounding factors which possibly
affect the miscarriage rate to understand the efficacy of
MF sperm selection better. The selection of sperm based
on motility and morphological characteristics for ICSI
from a population of sperm with >50% DFI (SCSA)
resulted in a similar pregnancy rate compared to
sperm with <15% DFI (SCSA). However, there was an
increased miscarriage rate in the >50% DFI group./?>*3]
In our study, the percentage of DFI damage in both
groups was nearly similar. Hence, we believe that MF
may be useful only when DFI damage is high and in
general, does not improve outcome.
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CONCLUSIONS

In this study, we aimed to assess the efficiency of MF
sperm sorter in improving the pregnancy rates over
conventional sperm sorting methods for ICSI. We did
not find any association of DFI or female age with
miscarriage. We anticipate patients who suffered from
miscarriages might have other factors in the sperm
which have a greater association with pregnancy loss.
Importantly, sperm proteomics in individual samples also
interferes with pregnancy outcomes.* Simply using the
principle of MF in selecting less DNA-damaged sperm
is not enough to improve outcomes. MF sperm sorting
is one of the newer technologies and results are still
emerging. There is a necessity for further multicentred
large cohort studies and validations on the clinical usage
and safety of MF.
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