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Abstract

Purpose Our aim was to evaluate if maternal age at transfer following autologous oocyte cryopreservation is associated
with live birth rate (LBR).

Methods We performed a retrospective cohort study of all patients who thawed autologous oocytes and then underwent
a single frozen euploid embryo transfer between 2011 and 2021 at a large urban university-affiliated fertility center. Each
oocyte thaw patient was matched 2:1 to in vitro fertilization (IVF) patients who underwent single embryo transfer < 1 year
after retrieval. Primary outcome was LBR. Secondary outcomes included implantation rates (IR) and spontaneous abortion
rates (SABR).

Results A total of 169 oocyte thaw patients were matched to 338 IVF patients. As expected, oocyte thaw patients were older
(median age 42.5 vs. 37.6 years, p <0.001) and waited longer between retrieval and transfer than in vitro fertilization patients
(median time 59 vs. 1 month, p <0.001). In univariate analysis, implantation and LBR differed among oocyte thaw and IVF
patients (p <0.05), but SABR did not (p =0.57). Transfer outcomes in oocyte thaw patients did not differ based on transfer
age group (IR: p=0.18; SABR: p=0.12; LBR: p=0.24). In a multiple logistic regression model, age at transfer was not
predictive of live birth when controlling for age at retrieval, embryo morphology, and day of blastulation.

Conclusions Maternal age at transfer after oocyte cryopreservation is not predictive of LBR; this suggests that “an aging
womb” does not impair LBR after oocyte thaw and empowers patients to return for transfer when ready for childbearing.

Keywords Oocyte cryopreservation - Egg freezing - Fertility preservation - Maternal age - Age-related infertility - Uterine
receptivity

Introduction

Maternal age is the most important prognostic factor for live
birth from assisted reproductive technology, with advancing
maternal age leading to lower oocyte yield and higher ane-
uploidy rates [1, 2]. Despite this unavoidable age-related
fertility decline, birthing trends indicate that women are
postponing childbearing to age > 35 years with increasing
frequency for personal, financial, and professional reasons
[1, 3]. Delayed family planning may result in significant
consequences, including subfertility or infertility, inability
to achieve one’s ideal family size, and adverse pregnancy
outcomes [4, 5].

Autologous oocyte cryopreservation (OC) is a widely
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rates with OC compared to fresh in vitro fertilization (IVF)
[6-9]. Moreover, a recent study of OC patients who cryo-
preserved oocytes at a median age of 38 years and subse-
quently returned for oocyte thaw a median of 4 years later
reported a 39% live birth rate (LBR) among all patients—
which is comparable to age-matched IVF data from the
SART national database [10]. Of note, this study reported
a 70% LBR among patients who cryopreserved oocytes at
age < 38 years and cryopreserved > 20 metaphase II oocytes
(M2s) with no association between cryopreservation dura-
tion and LBRs from cryopreserved oocytes [10].

The concept of fertility preservation and OC depends on
the idea that oocyte age remains frozen at the retrieval age
as well as the premise that maternal age at time of embryo
transfer will not impact LBR. However, there are conflict-
ing data from donor oocyte IVF transfer cycles as to the
incidence and impact of uterine aging on cycle outcomes
[11-16]. Such studies suggest that the uterus has diminished
ability to foster the implantation and growth of an embryo—
a term known as age-related uterine receptivity. Studies in
donor oocyte IVF transfer cycles have shown lower LBRs
after euploid embryo transfer in women > 35 years [11, 14,
16], and have demonstrated decreased pregnancy rates in
donor egg recipients > 40 years [2, 12, 15, 16]. However,
other studies found no relationship between maternal age
and uterine receptivity [17-19]. Functional studies have
reported changes in uterine function in older women, some
of which have been associated with changes in patient
health that also occur with age and are therefore relevant
to the patient population who delay pregnancy [18, 20-24].
While research has sought to understand the impact of age-
related uterine receptivity by evaluating donor oocyte and
IVF patients, the impact of maternal transfer age after OC
remains unknown. This is a particularly important area to
investigate because most women who undergo OC intend to
delay childbearing until they have reached advanced mater-
nal age.

Despite the growing popularity of OC, the impact of
maternal transfer age after OC on LBR remains unanswered.
If a negative relationship between uterine receptivity and age
exists, then transfer age may matter for OC patients. Since
the first generation of OC patients are currently returning in
numbers suitable for evaluation, our objective was to evalu-
ate if maternal age at transfer following OC is associated
with LBR.

Materials and methods
Design

We performed a retrospective cohort study of all patients
who thawed autologous oocytes and then underwent single
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frozen euploid embryo transfer (STEET) with embryos cre-
ated from their thawed oocytes between January 1, 2011, and
December 31, 2021, at New York University Langone Fertil-
ity Center. This study was performed with New York Uni-
versity Institutional Review Board approval (S13-00389).

Subjects

The first STEET from each patient who thawed autologous
oocytes was included. Patients were excluded if (1) STEETSs
were less than 1 year after OC, (2) STEETs involved mosaic,
aneuploid, or unbiopsied embryos, (3) oocyte cryopreser-
vation was performed via slow freeze methodology, (4)
oocyte cryopreservation occurred at an outside institution,
(5) STEETsS involved fresh embryos, or (6) OC was per-
formed as part of a research study, for a medical reason, due
to no sperm, due to a natural disaster (Hurricane Sandy), in
combination with embryo cryopreservation, or for use with
a gestational carrier.

Each autologous oocyte thaw patient was matched to two
IVF patients who underwent frozen STEET from January
1, 2011, to December 31, 2021. The first STEET from each
IVF patient was included. We excluded STEETSs from non-
autologous oocytes or previously frozen oocytes, STEETS
with mosaic, aneuploid or untested embryos, fresh STEET
cycles, and STEETs that occurred greater than 1 year after
retrieval. Each autologous oocyte thaw patient was matched
to two IVF patients using a random number generator based
on age at retrieval.

All patients included underwent an evaluation of their
uterine cavity using saline sonogram or hysterosalpingogram
before embryo transfer. Anomalies and intracavitary lesions
were addressed prior to embryo transfer.

Variables and data collection

Data regarding OC, oocyte thaw, IVF retrieval cycles, and
embryo transfer cycles were obtained from the electronic
medical record. Patient age and date of oocyte retrieval
were collected for OC data. Collected thaw data included
the following: date of oocyte thaw; patient age; number of
total oocytes and M2s thawed and surviving thaw; num-
ber of embryos for PGT-A; cryopreservation; and ploidy
results. Collected transfer data included the following:
date of STEET; patient age; embryo morphology; day of
trophectoderm biopsy, and ploidy result; and implantation
and live birth outcomes. Embryos were grouped into four
categories based on Gardner’s morphological grading sys-
tem and associated predicted LBRs from our laboratory. The
four categories were as follows: (1) “good,” which corre-
sponded to blastocysts with predicted LBRs of 58% of more;
(2) “fair,” which corresponded to blastocysts with predicted
LBRs of 42 to 57%; and (3) “poor,” which corresponded to
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blastocysts with predicted LBRs of less than 42%. Implanta-
tion was defined as > 1 intrauterine gestational sac on ultra-
sound. The primary outcome was LBRs, defined as the total
number of live births in our cohort. Secondary outcomes
were implantation rates (IR), defined as the total number of
implantations in our cohort, and spontaneous abortion rates
(SABR), defined as the total number of spontaneous abor-
tions prior to 20 weeks gestational age in our cohort.

Ovarian stimulation and laboratory protocols

Ovarian stimulation protocols were selected based on the
patient’s ovarian reserve and age. Oocyte retrieval was per-
formed via ultrasound-guided transvaginal aspiration 35 h
after trigger administration.

In OC cycles, vitrification was used to cryopreserve
oocytes using previously described techniques [8, 10].
Oocytes were later thawed using previously described tech-
niques, and intracytoplasmic sperm injection (ICSI) was
used to fertilize the surviving oocytes [8, 10].

In IVF cycles, conventional insemination was used unless
ICSI was indicated based on male history or semen param-
eters, which is standard practice in our laboratory.

In both oocyte thaw and IVF cycles, embryos were cul-
tured until trophectoderm biopsy and cryopreservation on
days 5-7. The endometrium was prepared for embryo trans-
fer using previously described techniques [8, 10].

Statistical analysis

Continuous variables were assessed for normality using
the Kolmogorov-Smirnoff test and determined not to be
normally distributed. Mann—Whitney U tests were used to
compare continuous variables. Categorical variables were
analyzed using chi-squared tests and Fisher’s exact tests.
Logistic regression was used for modeling and adjustment
of covariates to evaluate the outcome of live birth. An alpha
error of <0.05 was considered statistically significant.
Descriptive results are reported as counts, percentages,
medians + interquartile ranges (IQR) for ages, and median
with range.

Results

A total of 169 OC patients, with their first single frozen
euploid embryo transfer from OC, were included. OC
patients cryopreserved a median of 19 oocytes (range, 5-61)
and 18 M2s (range, 4-57), which led to a median of 4 blas-
tocysts (range, 1-20) for PGT-A biopsy and a median of 2
euploid embryos (range, 1-8).

Table 1 shows demographic and embryo characteristics
for OC patients and IVF patients. Median age at retrieval
was statistically similar at 37.8 years in OC patients
and 37.5 years in IVF controls as expected based on our

Table 1 Characteristics

OC patients IVF controls p value
between autolpgous oocyte (N=169) (N=338)
cryopreservation (OC) and
in vitro fertilization (IVF) Demographic characteristics
patients Median age at retrieval 37.8+1QR 3.3 years 37.5+1IQR 3.3 years 0.98
(range 29.4-43.5 years) (range 29.0-43.8 years)
Median age at transfer 42.5 years +1QR 3.2 years 37.6+1QR 3.4 years <0.001
(range 32.3-52.3 years) (range 29.3-43.8 years)
Median time from retrieval 4 years 11 months +IQR 2 years 2 months+IQR 2 months <0.001
to transfer 6 months (range 1-11 months)
(range 16 months to 12 years
2 months)
Embryo characteristics
Day of TE biopsy in PGT-A cycles
Day 5 54% (91/169) 78% (269/338) <0.001
Day 6 43% (73/169) 22% (67/338)
Day 7 3% (5/169) 0% (2/338)
Embryo morphology
Good 52% (88/169) 73% (246/338) <0.001
Fair 37% (62/169) 22% (76/338)
Poor 11% (19/169) 5% (16/338)
Fertilization method
ICSI 100% (169/169) 20% (68/338) <0.001
Insemination 0% 80% (270/338)

TE biopsy trophectoderm biopsy for PGT-A, PGT-A preimplantation genetic testing for aneuploidy, /CS/

intracytoplasmic sperm injection
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matching criteria. Median age at transfer was 42.5 years
(range, 32.3-52.3 years) among OC patients and 37.6 years
(range, 29.3-43.8 years) among IVF controls, which did dif-
fer between groups (p <0.001). Of note, 99.4% (168/169)
of OC patients were of advanced maternal age (35 years
or older) at transfer, 83.4% (n=141/169) were 40 years
or older at transfer, and 14.8% (n=25/169) were older
than 45 years at transfer. OC patients underwent transfer a
median of 4 years and 11 months following retrieval (range,
16 months—12 years 2 months) while IVF controls under-
went transfer a median of 2 months (range, 1-11 months)
following retrieval (p <0.001). Of note, 46.7% of OC
patients returned after 5 years. While 100% of OC patients
used ICSI to fertilize oocytes, 20% (68/338) of IVF patients
used ICSI to fertilize oocytes and 80% (270/338) of IVF
patients used insemination to fertilize oocytes. In terms
of embryo characteristics, OC patients had fewer embryos
biopsied on day 5, and more embryos biopsied on days 6 and
7 (p<0.001) than IVF patients. Also, embryo morphology
differed between groups, as IVF controls had significantly
more embryos with “good grades,” and OC patients had
more fair or poor embryos transferred (p <0.001).
Transfer outcomes differed significantly between OC
patients and IVF controls (Fig. 1). IR and LBR were signifi-
cantly higher in IVF controls than in OC patients (p <0.05).
Spontaneous abortion rates did not differ between groups
(p=0.57). In multiple logistic regression models comparing
OC and IVF patient, controlling for age at retrieval, embryo
morphology, day of TE biopsy, and ICSI/conventional

100%

90% p<0.05
80% [ |
’ I p <0.05
70% J
60%
S
o 50%
&
40% 71%
66% 67%
30% 59%
p=0.57 &
20% ,—l

10% J.
Ea
0%
Implantation Rate

Spontaneous Abortion Live Birth Rate

Rate
moC IVF Controls

Fig. 1 Autologous oocyte cryopreservation (OC) and in vitro fertili-
zation (IVF) transfer outcomes. Notes: (1) There were a total of 169
OC patients; among these patients, there were 112 implantations, 12
spontaneous abortions, 1 elective termination, and 99 live births. (2)
There were a total of 338 IVF patients; among these patients, there
were 260 implantations, 29 spontaneous abortions, 2 elective termi-
nations, and 228 for live births
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insemination as independent variates, age at transfer was
not predictive of LBR (p=0.22), IR (p =0.87), or SABR
(p=0.13).

Finally, we evaluated transfer outcomes in our OC
patients based on age at transfer. Across our four trans-
fer age groups (<40 years, 4042 years, 42.1 to 44 years,
and > 44 years), we found no significant differences in IR
(»p=0.18), SABR (p=0.12), or LBR (p =0.24) (Fig. 2).
Univariate analysis comparing age of retrieval (<37 years
compared to > 37 years) similarly revealed that transfer age
was not associated with IR, SABR, or LBR across the four
transfer age groups (Table 2). In multiple logistic regres-
sion of OC patients, controlling for age at retrieval, embryo
morphology, and day of TE biopsy as independent variates,
age at transfer across the four selected age groups was not
predictive of LBR (p=0.23) or IR (»p=0.98); However, age
at transfer was predictive of SAB (p <0.05), attributable to
the SABR in patients 42 to 44 years (14%) compared to
the three other age groups (<40 years, 4%; 40 to 42 years,
2%; > 44 years, 7%). We evaluated the older cohort of OC
patients at transfer (age at transfer > 42 years), and we found
no difference in LBR, SABR, or IR when compared to OC
patients who were <42 years at transfer (Table 3). This effect
persisted when we analyzed our oldest cohort (age at trans-
fer > 45 years, n=25), with no associated in LBR, SABR,
or IR. As such, we found that transfer outcomes among OC
patients were not associated with age at transfer.

Discussion

As more women choose delayed childbearing and fertility
preservation, OC outcomes based on transfer age are imper-
ative for counseling. These outcomes will help women to
make informed decisions about their family planning by pro-
viding them with accurate information about whether age of
return impacts LBRs from OC. This study is the first study to
evaluate the association between transfer age and outcomes
after planned OC. In our analysis, transfer outcomes were
similar in oocyte thaw patients regardless of transfer age.
These findings support the notion that OC patients can return
for transfer when ready for childbearing.

While the scope of our study focused on clinical out-
comes following embryo transfer from an OC cycle, prior
studies clarify additional important patient counseling tools
related to oocyte thaw outcomes. Cascante et al. evaluated
15 years of oocyte thaw outcomes, and found that 1% of OC
patients had no oocyte survival and 2% of OC patients had
no 2PN fertilization (n =543 patients) [10]. Among patients
who thawed all oocytes, 15% had no usable embryos and
36% had no euploid/untested embryos to transfer (10). Addi-
tionally, the question regarding number of oocytes needed
to yield 1 euploid embryo remains unanswered; a recent
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Table 2 Live birth outcomes in
four embryo transfer age groups
based on female age at oocyte

Age at embryo transfer

Live birth rate when age at
oocyte retrieval <37 years

Live birth rate when age at
oocyte retrieval > 37 years

retrieval All ages

<40 years
40-42 years
42-44 years
> 44 years
p value

60% (42/70)
64% (15/25)
65% (20/31)
64% (7/11)
0% (0/3)
p=0.19

58% (57/99)
67% (2/3)
65% (6/11)
63% (25/40)
49% (19/39)
p=0.551

Table 3 Implantation rates, spontaneous abortion rates, and live birth
rates for women < 42 years and > 42 years

Age atembryo  Implantation rate  Spontaneous  Live birth rate
transfer abortion rate

<42 years 66% (49/74) 3% (2/74) 64% (47/74)
>42 years 65% (63/95) 11% (10/95) 55% (52/95)
p value p=0.99 p=0.07 p=0.25

abstract found that an average of 10, 11, 14, and 35 M2s
are required to yield 1 euploid embryo at ages < 35 years,
35-37 years, 38—40 years, and > 41 years, respectively,
from autologous oocyte cycles [25]. Another area for future
investigation in OC patients relates to the impact of part-
ner sperm age. A recent abstract found a lower cumulative
live birth rate among OC patients when partner sperm age
was > 50 years, which may indicate a potential negative risk

for OC patients with older male partners [26]. However, in
a multiple logistic regression model controlling for OC age,
the authors found that partner sperm age was not predictive
of cumulative live birth rate.

We matched OC patients to IVF controls based on age of
retrieval, as oocyte age critically impacts LBRs and transfer
outcomes [1, 2, 27-30]. However, several factors differed
between our IVF and OC patients; these factors included
the day of trophectoderm biopsy for PGT-A cycles, embryo
morphology, and whether ICSI was performed. IVF controls
had significantly more embryos biopsied on day 5, signifi-
cantly better embryo morphology, and significantly fewer
ICSI fertilization compared to the OC cohort. These differ-
ences may account for the higher LBR and IR seen in the
IVF cohort compared to the OC cohort. Once these differ-
ences were accounted for within multiple logistic regression
models, there no longer was an association between age at
transfer and LBR between the IVF and OC cohorts.

@ Springer
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Limited research has evaluated differences in blastocyst
formation rates between OC and IVF patients, though prior
research has shown that LBRs following euploid embryo
transfers are similar regardless of whether the oocyte was
previously cryopreserved [10, 31]. Importantly, we found
lower rates of blastocysts and of good-quality blastocysts
among OC patients compared to age-matched IVF patients.
While our regression analysis matched for age of retrieval
and included embryo morphology, the analysis did not
include total oocytes retrieved, total oocytes available fol-
lowing thaw, or total embryos available, which may limit our
conclusions from this finding. However, given this data, OC
patients should be counseled that the chance of obtaining a
good-quality blastocyst may be lower with cryopreserved
oocytes than with fresh oocytes. As such, our findings may
additionally assist in counseling regarding the advantages
and disadvantages of elective fertility preservation. Future
research must explore how the cryopreservation process
impacts blastocyst formation.

Transfer outcomes in OC patients did not differ based
on transfer age when comparing patients <40 years,
40-42 years, 42.1-44 years, and > 44 years. Moreover, in
our multiple logistic regression models, age at transfer was
not predictive of LBR or IR. Of note, when transfer age
categories were stratified to evaluated SABR, chi-squared
revealed significance (p <0.05), though pairwise compari-
sons revealed that 42 to 44 years were the only significant
group with a 14% miscarriage rate. This effect was not per-
sistent as other analyses.

While LBR did not change with transfer age, advanced
maternal age is associated with multiple pregnancy adverse
events, including increased risk of stillbirth, preterm deliv-
ery, hypertensive disorders of pregnancy, gestational dia-
betes, fetal growth restriction, and/or risk of cesarean
Section [32-34]. Patients should be counseled regarding
pregnancy-related risks when considering their family
planning and potentially receive clearance from a Mater-
nal Fetal Medicine specialist if they return for transfer at
age > 45 years.

There were multiple strengths to this study, including
that our study evaluated actual clinical outcomes, instead
of modeled, to aid in personalized patient counseling. We
had a relatively large cohort of autologous oocyte thaws,
and we had a long time-span over 10 years. Weaknesses
included our retrospective design and our long time-span
(10 years), which may confound our findings due to temporal
changes in IVF technology and success rates. As well, our
post hoc power analysis revealed that our study was signifi-
cantly underpowered across our OC cohort—we had 57%
power to detect a 20% difference in LBR between our OC
age groups. The post hoc power analysis did reveal that our
study was 82% powered to detect a 15% difference between
our OC and IVF cohort groups. Our study was limited in
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generalizability, as the study occurred at a single institution
and may not represent the younger cohort of individuals who
are cryopreserving oocytes today. Our study did not include
several factors that may predict OC and IVF outcomes,
including race/ethnicity, reproductive history, prior concep-
tions, infertility diagnosis, and socioeconomic status. We
additionally did not evaluate for premature births or adverse
fetal or maternal outcomes that may be pertinent to our aging
cohort. Also, 20% (68/338) of our IVF patients used ICSI for
fertilization of oocytes, while our standard lab practice is to
perform insemination. This finding suggests a high rate of
male factor infertility, which may have lowered the LBR in
our IVF groups, and in turn, reduced any difference between
the OC and IVF groups. Finally, we had a small cohort of
individuals older than 45 years at transfer (14.8%, n=25).

Further investigation should consider the impact of trans-
fer age on cumulative live birth rates with larger samples.
Soon, we hope to provide a personalized predictive model
for patient counseling that includes both LBR and age-
related pregnancy risk factors based on transfer age.

In conclusion, we found that maternal age at transfer after
OC was not predictive of LBR. This study is the first to
evaluate the association of maternal age at transfer following
OC. We found that an “aging womb” did not impair LBRs
after OC, which empowers patients to return for transfer
when ready for childbearing.
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