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Abstract: A prospective, multicenter, randomized, sibling oocyte study was conducted with 86 couples
to evaluate if a microfluidic sperm separation device improved ICSI sperm selection and subsequent
cycle outcomes of fertilization, blastocyst utilization, ploidy, and clinical pregnancy rate when applied
to a general patient population. Patients with at least 10 metaphase II oocytes were enrolled in the
study and sibling oocyte groups were split in half. One half of the oocytes underwent ICSI with the
control processed sperm and the other half were injected with sperm sorted by the ZyMot microfluidic
sperm separation device. Fertilization rate was recorded and resulting blastocysts were biopsied and
evaluated for ploidy status with NGS. Euploid, non-mosaic embryos were randomly selected for single
embryo transfer. A total of 787 oocytes were evaluated in the ZyMot group and 777 in the control group.
No statistical differences were observed between ZyMot and control processing methods in any of the
study outcomes evaluated. It is possible that the selection of normal, progressive sperm for ICSI, and
the repair capacity of oocytes are sufficient to promote normal embryonic development in the general
infertility population.

Keywords: sperm selection; microfluidic chip; ZyMot; sperm wash,; fertilization; blastocyst; euploid;
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1. Introduction

The use of intracytoplasmic sperm injection (ICSI) has increased steadily since its
successful application in 1992. In recent years, ICSI has been utilized in greater than half of
the assisted reproductive cycles conducted each year, with many programs applying 100%
ICSI cycles [1]. The selection of normal, highly progressive sperm for ICSI may result in
improved fertilization and lower miscarriage rates [2]. Improving these parameters can
have a significant effect on the outcome of a cycle for patients seeking fertility treatment.
It has also been reported that total motile sperm count has a greater predictive value of
high-quality embryo production, pregnancy results and the odds of miscarriage compared
to any other WHO 2010 cut-off values [2].

Several methods are available for the isolation of motile sperm from a semen sample
for ICSIL. The most commonly employed sperm selection methods include density gradient
centrifugation (DGC), direct swim-up, and swim-up wash. Each of these methods has
their own limitations. The swim-up methods isolate a highly motile sperm population,
but low numbers are often obtained [3,4]. Density gradient and swim-up wash methods
employ centrifugation to form sperm pellets for the selective isolation of motile sperm
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from debris and the removal of seminal plasma by washing, respectively [3]. However, the
application of centrifugation has been shown to increase the production of reactive oxygen
species (ROS) [5], which can lead to sperm plasma membrane damage and increased DNA
damage [6-9]. Some reports indicate that increased DNA damage in human sperm has
been associated with an increased incidence of childhood cancer [10,11]. In turn, there has
been renewed interest in the investigation of alternative methods to isolate motile sperm
that result in minimal ROS production and DNA damage.

Microfluidics is an emerging technology with applications in fertility, forensics, and
diagnostics [12]. Sperm selection utilizing microfluidics has shown promise in selecting
highly motile sperm with reduced ROS and DNA fragmentation for use in ART pro-
cedures [13,14]. Studies applying microfluidic sperm selection for ICSI have reported
improved laboratory and clinical outcomes, such as the likelihood to produce an increased
number of high-quality blastocysts, euploid blastocysts, and surplus high-quality blasto-
cysts to freeze [15,16]. The present study was designed to evaluate the possible differences
in fertilization, blastocyst utilization, ploidy, and clinical pregnancy rate when applying
the ZyMot microfluidic sperm separation device for sperm selection versus traditional
processing methods to a general IVF patient population.

2. Materials and Methods
2.1. Participants

A prospective, randomized, multicenter, sibling oocyte study was carried out in
86 consenting couples with at least 10 metaphase II (MII) oocytes at retrieval, without
regard to the DNA fragmentation status of the male partner. For male patients, only those
with severe male factor (<1 million motile sperm/mL in the ejaculate) were excluded
from the study. This study presented no additional risk to patients or gametes and was
classified by the Research Ethics Committee as exempt from IRB approval 20 December
2019, study #OF191218B. Sperm to be used for ICSI underwent a split processing treatment:
(1) a control processing procedure (DGC or swim-up wash procedure) and (2) treatment
processing with an 850 pL ZyMot microfluidic sperm separation device (DxNow, Inc.,
Gaithersburg, MD, USA).

2.2. Sperm Processing Methods

The control processing procedures were carried out according to standard protocols at
each of four IVF centers. One center employed a swim-up wash procedure for 23 patients.
Semen samples were centrifuged for 10 min in insemination media (IM), the supernatant
was removed, the pellet resuspended in IM and centrifugation repeated. The supernatant
was removed, and the pellet resuspended in 0.3 mL of IM. The sample was pipetted
underneath 1-2 mL of IM in an organ culture dish and allowed to swim up for 15-60 min
at 37 °C, 5% CO,;. After incubation, 1 mL of supernatant was removed and placed in
a sterile culture tube until it was used for ICSI. Three centers applied DGC procedures
for 63 patients. Protocols at the three centers included layering the semen sample over
a gradient and centrifuging for 14-20 min. The pellet was then placed in sperm wash
medium, centrifuged for 4-10 min, and resuspended in an appropriate volume for ICSI use.

An 850 uL ZyMbt device was used for treatment processing in each lab. Briefly, 850 pL
of raw semen was added to the inlet and 750 pL of sperm wash was placed in the outlet
port and overlaid on the device. The ZyMot device was incubated at 37 °C for 30 min and
500 uL of medium with selected sperm was aspirated from the outlet port. All laboratories
participating in the study received training from the manufacturer for the use of the ZyMot
device prior to the study.

2.3. Assessment of Laboratory Outcomes

Oocyte maturity was assessed after cumulus cells were removed by hyaluronidase.
Patients with at least 10 MII oocytes were enrolled in the study. The MII oocytes of each
patient were split equally into two groups for ICSI. Half of the oocytes underwent ICSI
with the control processing procedure sperm and the other half underwent ICSI with sperm
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sorted by the ZyMot treatment processing group sperm. If the patient had an odd number
of MII oocytes, the extra one was assigned to the ZyMot treatment processing group.

Fertilization, embryo culture and biopsy were carried out using the standard protocols
at each center. Fertilization was assessed on day 1 as zygotes possessing two pronuclei.
All oocytes subjected to ICSI were evaluated for fertilization. All successfully fertilized
zygotes were cultured to the blastocyst stage. Blastocyst formation was evaluated on
days 5-7 using Gardner criteria [17]. Blastocysts of predominantly fair to good quality
(>2BB) underwent trophectoderm biopsy. Usable blastocysts that were produced and not
subjected to biopsy were cryopreserved. Biopsy samples were sent to the same genetics
laboratory (Ovation Fertility Genetics, Nashville, TN, USA) and evaluated for ploidy status
using next-generation sequencing. Only euploid, non-mosaic embryos were randomly
selected for single embryo transfer according to gender preference by patient and the best
embryo quality grade irrespective of sperm treatment. Clinical pregnancy was defined
as the presence of an intrauterine implantation sac with the detection of a fetal heartbeat
on ultrasound.

2.4. Statistical Analysis

Statistical significance for all data analyses was set at p < 0.05. Fertilization, blastocyst
utilization, ploidy, and clinical pregnancy rates within and between clinics were analyzed
by Chi square or Fisher’s exact test where appropriate, according to the variables being
evaluated and the number of sample observations. Differences in fertilization, blastocyst
utilization, and ploidy results between the treatment and control sperm processing methods
were analyzed using a paired t-test. All statistical analyses were carried out using InStat
(Graph Pad Software, San Diego, CA, USA).

3. Results

A total of 1564 MII oocytes from 86 female patients (mean age: maternal 34.7 & 4.6;
paternal 36.1 & 5.4) were enrolled in the study. A total of 787 MII oocytes were allocated
to the ZyMot group and 777 were allocated to the control group. In the ZyMot group,
296 blastocysts were produced and 283 of these blastocysts were analyzed for ploidy status.
The control group produced 282 blastocysts and 265 of these blastocysts were analyzed for
ploidy status.

Not surprisingly, some variations in laboratory outcomes were noted between centers
enrolled in the study, yet there were no differences observed in any parameter evaluated
when comparing treatment versus control methods within and between groups (p > 0.05).
As a result, data were pooled for analysis. Combined laboratory results across centers did
not exhibit any significant differences in embryo outcomes when comparing ZyMot to control
processing methods (p > 0.05) (Table 1).

Table 1. Comparison of embryo development outcomes in sibling oocytes subjected to ICSI using
ejaculates split processed with ZyMot microfluidic sperm separation treatment or control sperm
processing procedures. No significant differences between treatments were observed, p > 0.05.

Laboratory Outcomes ZyMot Control
Rate % Rate %
Fertilization (2PN /MII) 604/787 77 592/777 76
Blastocyst (Blast/2PN) 296/604 49 282/592 48
Euploidy 165/283 58 151/265 57
Mosaicism 25/283 9 31/265 12
Clinical pregnancy 22/39 56 25/33 76

Interestingly, the rate of clinical pregnancies when transferring euploid embryos
derived from the control group was 20% higher compared to ZyMot, but this difference
was not significant (p = 0.0886) (Table 1).
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A higher blastocyst production was exhibited when employing a swim-up wash
compared to DGC control processing (p = 0.002) (Table 2). No significant difference was
observed in any of the other study outcomes evaluated when comparing the two control
processing methods (p > 0.05) (Table 2).

Table 2. Comparison of ZyMot treatment and control processing methods density gradient centrifu-
gation (DGC) and swim-up wash in embryo development outcomes.

Laboratory Outcomes ZyMot DGC Swim-Up Wash
Rate % Rate % Rate %

Fertilization 2PN/MII)  604/787 77 434/574 76 158,/203 78
Blastocyst (Blast/2PN)  296,/604 2 492 190/434 2 442 92/158 b 58 b
Euploidy 165/283 58 99/185 54 52/80 65
Mosaicism 25/283 9 20/185 11 11/80 14

4P Different superscripts denote significant difference within rows, p < 0.05.

4. Discussion

The present study is the first multicenter, prospective, randomized controlled sibling
oocyte study to evaluate the effect of the ZyMot microfluidic sperm sorting device on
fertilization, blastocyst utilization, euploidy, and clinical pregnancy rates when compared to
control sperm processing methods. The present study was applied to a general, unselected
population of IVF patients with minimal exclusion criteria.

The present study observed no significant differences in blastocyst production, ane-
uploidy, or clinical pregnancy when comparing microfluidic sperm selection to control
methods. Similarly, the only other sibling oocyte study available in the literature reported
no difference in fertilization, blastocyst, or live birth rate comparing microfluidic sperm
sorting to swim-up processing [18]. It is well established that DNA repair mechanisms
exist within the oocyte and these mechanisms can repair a multitude of DNA anomalies
that may be present due to damaged sperm [19-22]. Thus, the results of the present study
and the data reported utilizing sibling oocytes may indicate that oocyte repair mechanisms
are adequate in the study populations to offset DNA damage resulting from conventional
sperm selection methods [18].

It has been repeatedly demonstrated that the application of a microfluidic device for
sperm sorting results in sperm with increased motility and significantly reduced DNA
fragmentation [13,14,23-26]. Considering these results, only a few studies have evaluated
the effects of microfluidic sperm sorting on laboratory and cycle outcomes [4,15,16,18]. It is
important to note that each of these studies employed the same microfluidic device as the
present study [4,15,16,18]. Three of these studies describe the use of the Fertile Chip and
in markets outside of the United States, ZyMot devices were known under the “Fertile”
brand [4,16,18]. In April 2020, Fertile became known worldwide as the ZyMot device.
The ZyMbot device is simple to use and requires significantly less technician training than
conventional sperm processing methods. The device yields a highly motile population of
sperm with minimal technician effort.

The results of other studies investigating the use of microfluidic sperm sorting to con-
ventional methods are varied. One study conducted utilizing a microfluidic device found
an increased total number of high-quality embryos produced in the microfluidic sperm
sorted group compared to a conventional swim-up [16]. Like the present study, no differ-
ences in fertilization, clinical pregnancy, or live birth rate were observed [16]. Two studies
have evaluated the effect of microfluidic sperm sorting on sperm DNA fragmentation and
cycle outcome in patients with recurrent IVF failure [4,15]. One study evaluated the use
of microfluidic sperm sorting in couples with disrupted sperm DNA and recurrent IVF
failure and found that microfluidic sperm sorting decreased the sperm DNA fragmentation
and increased the chances of obtaining a euploid conceptus [15]. A disadvantage of this
study is the small number of patients enrolled, which led to a small number of embryos
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and transfers for accurate statistical analysis [15]. Another study had a greater number
of patients enrolled and found reduced sperm DNA fragmentation but no difference in
fertilization or pregnancy rates in first-time IVF patients [4]. While microfluidic sperm
sorting increased fertilization rates overall in that study, no effect on pregnancy rate was
observed, and neither blastocyst nor euploid rates were examined [4].

Our study does have some limitations. There were minimal exclusion criteria for both
the male and female partners to evaluate the application of microfluidic sperm sorting
on a general unselected patient population. While our study population was quite broad,
this did allow for a larger sample size than some studies that have evaluated microfluidic
sperm sorting and laboratory outcomes. Another limitation was that the sperm DNA
fragmentation status was unknown for the sperm used in this study. The improvement
in euploidy status noted in previous studies when ZyMot was applied to male factor
patients with high degrees of sperm DNA fragmentation may have been lost in our overall
study population.

In conclusion, the goal of the present study was to evaluate the application of a
microfluidic sperm separation device in an unselected patient population. Our data
suggest that the general application of sperm selection using the ZyMot sperm separation
device does not improve any of the outcome measures of fertilization, blastocyst utilization,
ploidy, and clinical pregnancy rate. Further investigation is warranted to identify if there is
truly a benefit in the application of microfluidic sperm sorting to couples with elevated
DNA fragmentation and/or previously failed ICSI cycles.
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