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Abstract

The ability to use frozen sperm for insemination during in vitro fertilization (IVF) is crucial for patients and for reproductive
endocrinologists. However, concerns exist regarding the effects of cryopreservation on sperm quality and IVF outcomes. This
study compares outcomes of frozen donor oocyte IVF cycles with intracytoplasmic sperm injection (ICSI) of good quality
fresh versus frozen ejaculated sperm. Patients who underwent their first frozen donor oocyte IVF cycle between 2013 and
2019 at Mayo Clinic were identified. The primary outcome was live birth rate (LBR). Secondary outcomes included fertiliza-
tion rate (FR), blastocyst development rate (BR), and clinical pregnancy rate (CPR). Twenty-six patients used fresh sperm
and 19 patients utilized frozen sperm; there were no significant demographic differences between the groups. There were no
significant differences noted in CPR, FR, and BR. Although the LBR was not statistically different when frozen versus fresh
sperm was utilized (52.6% vs. 61.5%, p=0.55), there was a distinct trend towards improved outcomes with fresh sperm that
may be clinically significant. This data suggests that frozen sperm may be an alternative to a fresh sample, however fresh
sperm may ultimately be a better option. This finding should be further explored with studies utilizing a larger sample size.
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Introduction

The ability to use a frozen sperm sample for insemination
during in vitro fertilization (IVF) cycles is crucial for many
patients. In the case of severe male factor infertility, cryo-
preserving sperm helps avoid the need for repeat testicular
extraction procedures [1], allows storage of back-up sam-
ples for patients with oligozoospermia, and is important for
storage and transportation of donor semen [2]. For patients
requiring treatment with gonadotoxic therapies such as
chemotherapy or radiation, semen can be frozen for fertil-
ity preservation [2]. Additionally, it allows for patient and
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provider flexibility: procedures for both male and female
partners do not need to coincide [1] and male partners are
not required to be present on the day of oocyte retrieval or
oocyte thaw [2].

However, there are concerns that the process of cryopre-
serving semen may have consequences for the quality of
the sperm. Issues such as reduced post-thaw survival, lower
motility, decreased morphology, and impaired fertilization
capacity have all been identified in the literature [2]. Further-
more, studies have demonstrated that frozen sperm samples
may have higher rates of deoxyribonucleic acid (DNA) frag-
mentation [3, 4] which has been linked to decreased ferti-
lization, arrested embryo development and increased risk
of spontaneous abortion [5], reduced pregnancy rates [6],
and reduced live birth rate [7]. Previous studies that have
examined outcomes of autologous IVF cycles with fresh
versus frozen sperm have shown no significant differences
in clinical outcomes [8]. However, using autologous oocytes
to study sperm quality may introduce confounding factors
due to the female partner’s infertility. The donor oocyte is
an ideal model for assessing the contributions of sperm to
IVF outcomes as donor oocytes are assumed to be of good
quality from young women without infertility [9].
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The objective of this study was to compare clinical and
laboratory outcomes of frozen donor oocyte IVF cycles in
which good quality fresh versus frozen sperm was used for
insemination via intracytoplasmic sperm injection (ICSI).

Materials and Methods

This study was deemed exempt from review by the
Mayo Clinic Institutional Review Board (Application
#19-012,375). In this retrospective cohort analysis, data
from all patients that underwent frozen donor oocyte IVF
cycles from January 2, 2013, to September 30, 2019, at
a single, academic clinic were obtained. Patients were
identified from a clinical database maintained within the
Mayo Clinic Division of Reproductive Endocrinology and
Infertility (REI) that was created based on the Society for
Assisted Reproductive Technology (SART) reporting cri-
teria. Patients that used fresh donor oocytes were excluded
along with patients who had denied the use of their medical
records for research. Patients with semen analyses consist-
ing of a total motile sperm (TMS) count of less than 20
million were excluded to reduce confounding from poor
sperm quality. Similarly, patients that used a sperm sample
derived directly from the testicles were also excluded. Only
the initial transfer of the first cycle that occurred during the
study period was used for analysis. No embryos were trans-
ferred to a gestational carrier in this study. All patients were
required to have a thyroid-stimulating hormone (TSH) level,
intrauterine cavity assessment (via sonohysterogram or hys-
teroscopy), and embryo transfer (mock or live) completed
within 12 months prior to a live embryo transfer. ICSI was
used for insemination of all oocytes. By protocol, the best
quality embryo was transferred first in both fresh and fro-
zen embryo transfers and any supernumerary embryos were
cryopreserved for future use. Embryo transfer was com-
pleted with transabdominal ultrasound guidance according
to standard practice [10, 11].

Characteristics of the female patients that were not
included in the internal database were captured via retro-
spective chart review: patient age at the time of transfer,
name of commercial oocyte bank, and primary infertility
diagnosis. Infertility diagnoses were split into three catego-
ries: unsuccessful autologous fertility, premature ovarian
insufficiency or “other.” “Other” diagnoses included tubal
factor infertility and one patient who desired to use donor
oocytes for genetic reasons. For the male partner, chart
review yielded the following characteristics: age at the time
of semen sample collection used for insemination, total
motile sperm count, and sperm morphology. Sperm param-
eters were determined by the semen analysis that occurred
closest to the start of the donor oocyte cycle.

Our primary outcome was live birth rate (LBR). Our
secondary outcomes were clinical pregnancy rate (CPR),
fertilization rate (FR), and blastocyst development rate (BR).
CPR was defined as the presence of fetal cardiac activity on
a first trimester ultrasound. FR was calculated as the number
of oocytes that fertilized divided by the number of oocytes
that survived the thaw and were inseminated by ICSI, mul-
tiplied by 100. BR was calculated as the total number of
blastocysts that formed divided by the number of embryos
that fertilized, multiplied by 100.

Data were analyzed using the SAS version 9.4 software
package (SAS Institute, Inc., Cary, NC). Comparisons
between groups were evaluated with the chi-square test or
Fisher’s exact test for categorical variables; the two-sample
t-test for age, morphology, fertilization rate, and blastulation
rate; and the Wilcoxon rank sum for TMS and all count vari-
ables. All calculated p-values were two-sided and p-values
less than 0.05 were considered statistically significant.

Results

Fifty-two transfers were identified during the study period.
Seven cases were excluded due to a TMS count of less than
20 million, resulting in 45 patient transfers available for anal-
ysis. Nineteen patients (42%) used a frozen ejaculated sperm
source whereas 26 patients (58%) used freshly ejaculated
sperm. Table 1 describes the baseline characteristics of the
fresh and frozen sperm groups. The average age of female
patients in the frozen group was 41.5 years versus 39.7 years
for the fresh group (p=0.34). The average age of the male
partner was 39.1 years for the frozen cohort and 39.8 years
for the fresh group (p =0.79). There were no statistically
significant differences between the groups in terms of oocyte
bank used, infertility diagnosis, or sperm parameters. Most
patients transferred a single fresh embryo, but 12 patients
underwent a double embryo transfer (Table 2). Most (73.3%)
embryos were transferred at the blastocyst stage, although
22.2% of patients had cleavage stage embryos transfers and
4.4% of patients had both a blastocyst and a cleavage stage
embryo transferred. There were no statistically significant
differences in the number of embryos transferred (p =0.73)
or the stage of transfer (p =0.35) between the fresh and fro-
Zen sperm groups.

Within the entire cohort, 7 frozen oocytes were obtained
on average from one of two commercially available egg
banks and an average of 6.8 oocytes survived the thaw
(Table 2). There were no differences noted between the two
groups in terms of number of oocytes obtained (p =0.30) or
number that survived the thaw (p =0.16). The mean num-
ber of oocytes that fertilized in the frozen sperm group was
4.8 out of a mean of 6.3 compared to 5.8 out of mean 7.1
in the fresh group, and this difference was not statistically
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Table 1 Patient demographics
of frozen and fresh sperm
cohorts

Table 2 IVF cycle details by
frozen versus fresh sperm
utilization

@ Springer

Characteristic Frozen (N=19) Fresh (N=26) Total (N=45) P?
Patient age (years) 0.34
Mean (SD) 41.5 (6.5) 39.7 (5.8) 40.5 (6.1)

Infertility diagnosis 0.32
Unsuccessful autologous fertility 11 (57.9%) 14 (53.8%) 25 (55.6%)

Premature ovarian insufficiency 5(26.3%) 11 (42.3%) 16 (35.6%)

Other 3 (15.8%) 1(3.8%) 4 (8.9%)

Partner age (years) ° 0.79
Mean (SD) 39.1 (8.0) 39.8 (8.0) 39.5(7.9)

Total motile sperm (TMS)P 0.83
Mean (SD) 148.5 (101.5) 165.0 (163.5) 159.0 (142.8)

Median (IQR) 92.1(82.5,224.6) 101.1(57.2,208.6) 100.8 (69.0,221.4)

Sperm morphology (%)° 0.09

Mean (SD)

9.3 (2.5)

7.3 (4.0)

8.0 (3.6)

IQR, interquartile range; SD, standard deviation

#Comparisons between groups were evaluated using the Fisher exact test for categorical variables, the two-
sample r-test for age and morphology, and the Wilcoxon rank-sum test for total motile sperm

PPartner age and sperm characteristics were not available for 4 patients who used frozen donor sperm for

insemination

Characteristic Frozen (N=19) Fresh (N=26) Total (N=45) P*

Number of mature oocytes 0.30

Mean (SD) 6.7 (1.1) 7.3 (1.8) 7.0 (1.6)

Median (IQR) 6.0 (6.0, 7.0) 7.0 (6.0, 7.0) 7.0 (6.0, 7.0)

Number of mature oocytes surviving thaw 0.16

Mean (SD) 6.3 (1.5) 7.1(1.9) 6.8 (1.8)

Median (IQR) 6.0 (6.0, 7.0) 6.5 (6.0, 7.0) 6.0 (6.0, 7.0)

Number fertilized 0.28

Mean (SD) 4.8 (1.5) 5.8(1.9) 5.4 (1.8)

Median (IQR) 5.0 (4.0, 6.0) 5.0 (5.0, 6.0) 5.0 (5.0, 6.0)

Number of blastocysts 0.99

Mean (SD) 2.8 (2.0) 2.8 (1.8) 2.8(1.9)

Median (IQR) 3.0 (1.0,4.0) 3.0(1.2,4.0) 3.0(1.0,4.0)

Number transferred 0.73

1 13 (68.4%) 20 (76.9%) 33 (73.3%)

2 6 (31.6%) 6 (23.1%) 12 (26.7%)

Stage at transfer 0.35

Cleavage 4 (21.1%) 6(23.1%) 10 (22.2%)

Blastocyst 13 (68.4%) 20 (76.9%) 33 (73.3%)

Both 2 (10.5%) 0 (0.0%) 2 (4.4%)

Number of supernumerary blastocysts for 0.85
cryopreservation

Mean (SD) 1.9(1.7) 2.0(1.5) 2.0(1.6)

Median (IQR) 2.0 (0.0, 3.0) 2.0 (1.0, 3.0) 2.0 (1.0, 3.0)

IQR, interquartile range; SD, standard deviation

4Comparisons between groups were evaluated using the chi-square test for stage at transfer and the Wil-

coxon rank-sum test for all count variables
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significant (p =0.28). At the end of the cycle, both the frozen
and fresh cohorts had an average of 2.8 blastocysts develop
(»=0.99) and an average of 1.9 versus 2.0 supernumerary
blastocyst embryos available for cryopreservation, respec-
tively. Of three patients that used PGT-A, two used fresh
sperm with euploidy rates of 66% and 33% and one used
frozen sperm with a 20% euploidy rate.

There were no statistically significant differences found
in LBR between patients who used frozen sperm versus
those who used fresh sperm (52.6% versus 61.5%, p=0.55;
Table 3). The 95% confidence interval for this difference
(frozen versus fresh) of —8.9% is —38.1 to 20.3%. There
also were no differences in significant secondary outcomes
(Table 3).

Discussion

This retrospective analysis of the transfers of embryos
created with frozen ejaculated sperm versus fresh ejacu-
lated sperm examined differences in laboratory or clinical
outcomes in frozen donor oocyte IVF with ICSI cycles.
Although there were no significant differences seen in ferti-
lization rate, blastocyst development rate, clinical pregnancy
rate, or live birth rate between the two cohorts, the differ-
ence in live birth rates was —9% (—38.1 to 20.3%) favoring
fresh sperm. If this difference were to be confirmed with a
larger sample size, this would be clinically significant. In
both groups the CPR was above 55% and the LBR was above
50%, which is reassuring that a frozen sample may be an

Table 3 Comparison of primary and secondary outcomes according
to type of sperm used for insemination

Outcome Frozen Fresh (N=26) Total (N=45) P*

measure (N=19)

Clinical preg- 0.61
nancy

No 8 (42.1%) 9 (34.6%) 17 (37.8%)

Yes 11 (57.9%) 17 (65.4%) 28 (62.2%)

Fertilization 0.37
rate

Mean (SD) 77.5 (21.7) 82.2(13.2) 80.2 (17.2)

Blastulation 0.52
rate

Mean (SD) 55.3 (35.8) 49.1 (29.1) 51.7 (31.9)

Live birth 0.55

No 9 (47.4%) 10 (38.5%) 19 (42.2%)

Yes 10 (52.6%) 16 (61.5%) 26 (57.8%)

SD, standard deviation

4Comparisons between groups were evaluated using the chi-square
test for clinical pregnancy rate and live birth rate and the two-sample
t-test for the fertilization rate and the blastulation rate

alternative to a fresh sperm sample. This data is clinically
important due to increasing use of frozen donor oocytes and
the widespread use of frozen semen samples for indications
such as clinical flexibility, as back-up in cases of male factor
infertility, and for fertility preservation.

The consideration of whether to use frozen or fresh sperm
for insemination is of particular interest for clinicians and
patients during frozen donor oocyte IVF with ICSI cycles.
Although an oocyte thaw must be timed with the intended
carrier’s programmed or natural cycle, the parent(s) do not
physically need to be present on the day of the oocyte thaw.
This is in contrast with fresh autologous cycles where the
day of sperm collection needs to coincide with the day of
the oocyte retrieval—for insemination purposes and post-
procedural care of the partner after anesthesia. Therefore, in
frozen donor cycles, a previously frozen sperm sample can
be used for the insemination process and avoid additional
office appointments. Furthermore, a cryopreserved sample
can be organized at the time of the initial semen analysis
when frozen donor oocytes are to be used, thereby reducing
the number of semen collections required. Given the non-
inferior laboratory and clinical outcomes with use of frozen
sperm, it is reasonable to offer patients cryopreservation for
improved convenience for both fertility practices and their
patients.

Similar outcomes with the use of fresh versus frozen
sperm have been found in other studies that have analyzed
outcomes of autologous IVF cycles. In 1989, Englert et al.
used frozen and fresh donor sperm samples for insemina-
tion via ICSI in autologous cycles complicated by severe
male factor infertility. Although the frozen sample cohort
had a significantly lower quality of sperm, lower embryo
vitality score, and number of supernumerary embryos for
cryopreservation, the cumulative ongoing pregnancy rates
were equivalent and, thus the conclusion was that frozen
sperm could be used without CPR impairment [12]. A 2007
study examined outcomes of ejaculated partner sperm and
found no difference in fertilization, implantation, or preg-
nancy rates unless the semen samples were abnormal prior
to freezing [8]. In cases of oligoasthenozoospermia or asthe-
nozoospermia, fertilization rate was lower in the frozen sam-
ple, although ultimately there were no differences in implan-
tation rate or pregnancy outcomes.

The effects of using frozen sperm on IVF outcomes can
also be extrapolated from studies in which cryopreserved
semen frozen for fertility preservation prior to oncologic
treatments was used for insemination. In Meseguer et al.,
only 30% of patients over a 14-year period in Spain had
normal sperm production following oncologic treatment
and 70% were found to have parameters most likely neces-
sitating the use of assisted reproductive technology (ART).
When the cryopreserved samples of these patients were used
for insemination, their clinical outcomes were comparable
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with a control group of couples with tubal factor infertility,
and significantly better than patients who used testicular-
extracted sperm due to post-chemotherapy azoospermia
[13]. Hourvitz et al. also found non-inferior outcomes in IVF
cycles that utilized frozen samples from men with a previous
malignancy. The clinical pregnancy rate was 56.8%, similar
to the CPR of other patients with male factor infertility in the
same clinic and similar to the frozen group’s CPR of 57.9%
in this study [14].

This is the first published study, to our knowledge, to
examine differences in outcomes between good quality fresh
versus frozen ejaculated sperm samples in frozen donor
oocyte IVF cycles. All cycles occurred at a single, academic
center, thereby minimizing inter-clinic variability. Addition-
ally, only good quality semen specimens as determined by
prior semen analysis were included, thereby reducing con-
founding effects of male factor infertility. However, this
study has certain limitations. Most importantly, this study
is limited by its small sample size. Despite a nearly 7-year
period, this study is underpowered to declare the observed
difference of 61.5% versus 52.6% as statistically significant.
ICSI was used for all frozen oocyte cycles which may have
helped compensate for a decreased fertilization ability of
either cohort. Additionally, the quality of the sperm samples
was determined by the most recent semen analysis and not
based on parameters on the day of insemination. Although
it is unlikely that a patient with a previous normal analysis
could have had a poor sample on the day of insemination,
this is a possibility that could have led to data inaccuracies.

Conclusion

Frozen sperm are commonly used in IVF cycles due to vari-
ous patient and clinic practices. However, concerns exist
regarding whether a frozen sample could have detrimental
effects on the IVF cycle outcomes. In this study, the effect of
fresh versus frozen ejaculated sperm samples was assessed
in frozen donor oocyte egg cycles to control for oocyte qual-
ity, and no significant differences were found between the
two groups in regard to live birth rate, clinical pregnancy
rate, blastocyst development rate, or fertilization rate. This
data indicates that frozen sperm may be an adequate sub-
stitute for fresh sperm in IVF cycles. However, the 9% dif-
ference in LBR between the cohorts could be considered
clinically significant, and these findings warrant further
investigation within a larger sample population.
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