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Abstract
Purpose The purpose of this study was to compare baseline
characteristics and ovarian stimulation outcomes between pa-
tients presenting for medically indicated vs. elective fertility
preservation consultation and to determine the impact of the
2013 ASRM guidelines on oocyte cryopreservation on the
patient population presenting for fertility preservation
consultation.
Methods Retrospective cohort study conducted at an academ-
ic center. Study population included 332 patients presenting
for medically indicated fertility preservation consultation and
210 patients presenting for elective consultation.
Results Patients presenting for elective fertility preservation
consultation were more likely to be of advanced age, non-
Caucasian, highly educated, single, nulligravid, and meet
criteria for diminished ovarian reserve (DOR). Additionally,
patients presenting electively were more likely to have fertility

insurance benefits. A higher percentage of patients with insur-
ance benefits for oocyte cryopreservation proceeded to stim-
ulation. There were no differences in stimulation parameters
or number of retrieved oocytes between the groups when ad-
justed for age. Following release of the ASRM guidelines on
oocyte cryopreservation, there was no difference in the per-
centage of patients in the medical group who proceeded with
stimulation; however, a higher percentage of patients present-
ing electively underwent ovarian stimulation.
Conclusion Although the populations presenting for medical
compared with elective fertility preservation differ at baseline,
ovarian stimulation parameters and outcomes are similar
when adjusted for age. Insurance benefits for fertility preser-
vation are not comprehensive and impact the decision to pro-
ceed with stimulation in all patients. The publication of the
ASRM guidelines on oocyte cryopreservation increased utili-
zation of this technology among patients presenting elective-
ly; however, they remained at an advanced age and with de-
creased ovarian reserve parameters.
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Introduction

Fertility preservation including embryo and oocyte cryopres-
ervation is traditionally offered to patients requiring
gonadotoxic therapy as a means of preserving reproductive
potential following treatment. Increasingly, there is interest
in fertility preservation for patients electing to defer childbear-
ing for non-medical indications such as career advancement or
the identification of a suitable partner [1]. Indeed, survey data
suggests that the elective postponement of fertility is the most
common indication for oocyte cryopreservation [2]. Social or
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elective oocyte cryopreservation has also gained considerable
attention among the public and media as large corporations
such as Google, Apple, and Facebook advertise elective egg
freezing as a professional benefit. This has led to both profes-
sional and ethical debates regarding the acceptability of oo-
cyte cryopreservation as an Binsurance^ policy and whether or
not this provides an empowering benefit to women or a detri-
mental false sense of security [3–6].

In January 2013, ASRM published a practice committee
guideline on mature oocyte cryopreservation in which the ex-
perimental label was removed. Of note, the guideline specifi-
cally cautioned that Bthere are not yet sufficient data to recom-
mend oocyte cryopreservation for the sole purpose of
circumventing reproductive aging in healthy women because
there are no data to support the safety, efficacy, ethics, emotion-
al risks, and cost-effectiveness of oocyte cryopreservation for
this indication^ [7]. In Europe, ESHRE endorses oocyte cryo-
preservation as an option for women both at risk of Bpremature
or iatrogenic fertility loss^ as well as for those who want to
Bprotect their reproductive potential against the threat of time^;
however, they specifically recommend that those pursuing so-
cial egg freezing do so before the age of 35 [8].

Previous research on fertility preservation in patients with
malignancy typically compares this population to couples
with infertility, with conflicting results regarding ovarian stim-
ulation parameters and outcomes [9–16]. As for the elective
fertility preservation population, most studies thus far have
described the demographics of patients presenting for elective
oocyte cryopreservation consultation [17–19]. Recently, two
larger studies reported their experience with frozen oocyte
thaw success and pregnancy outcomes [20, 21]. There has
only been one study to date that directly compared patients
with cancer to those presenting for elective fertility preserva-
tion [22].

Given the increased attention to and utilization of oocyte
cryopreservation [21] as well as the distinction in practice
guideline recommendations for these two groups of patients,
we set out to answer two important questions: First, we
assessed whether the characteristics, medical decision-mak-
ing, and ovarian stimulation outcomes differed by fertility
preservation indication. Second, we investigated the impact
of the 2013 ASRM guidelines on the patient population pre-
senting for fertility preservation consultation.

Materials and methods

This retrospective cohort study included all female patients
who presented for fertility preservation consultation at Penn
Fertility Care between January 1, 2008, and May 2, 2016. To
identify all eligible subjects, physicians in the practice were
first queried to obtain the diagnostic codes utilized for fertility
preservation consultation. Subsequently, the Penn Medicine

Data Analytics Center was utilized to identify all patients
who presented with the following diagnostic V/Z codes:
BEncounter for fertility preservation counseling^ (V26.42,
Z31.62), BEncounter for fertility preservation procedure^
(V26.82, Z31.83), BProcreative management investigation
and testing^ (V26.2, Z31), BProcreative management and ge-
netic counseling and testing^ (V26.3, Z31.43, Z31.43),
BFertility testing^ (V26.21, Z31.41), BGeneral counseling
and advice on procreative management^ (V26.4, Z31.69),
BOther specified procreative management^ (V26.8, Z31.8,
V26.89, Z31.89), BEncounter for assisted reproductive fertil-
ity procedure cycle^ (V26.81, Z31.83), BOther investigation
and testing^ (V26.29, Z31.49), and BUnspecified procreative
management^ (V26.9, Z31.9). The charts of all identified pa-
tients were then reviewed to confirm presentation for fertility
preservation consultation. Additionally, a list of new patient
consults seen by the primary oncofertility provider in our
practice were screened to ensure capture of all eligible sub-
jects. Those patients presenting for consultation secondary to
a history of malignancy, or with a medical condition necessi-
tating gonadotoxic therapy, were defined as the medical fer-
tility preservation group. This group was further subdivided
into pre- and post-chemotherapy for subgroup analyses.
Patients presenting for consultation to discuss fertility preser-
vation without any pre-existing medical condition requiring
gonadotoxic therapy were defined as the elective fertility pres-
ervation group. The study protocol was approved by the
Institutional Review Board at the University of Pennsylvania
(IRB #819938). All procedures performed in studies involv-
ing human participants were in accordance with the ethical
standards of the institutional and/or national research commit-
tee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. For this type
of study, formal consent is not required.

Medical records were abstracted to obtain detailed de-
mographic and treatment-specific data. Demographic and
baseline characteristics included the following: age at first
consultation, race, highest level of education, partner sta-
tus, gravidity, body mass index (BMI), and ovarian re-
serve testing (anti-Mullerian hormone level (picoAMH
ELISA, Ansh Laboratories), day 3–5 follicle-stimulating
hormone and estradiol, antral follicle count). Additionally,
data on insurance benefits including general fertility (in-
trauterine insemination, +/− in vitro fertilization coverage)
and oocyte cryopreservation benefits were collected. The
majority of new patients seen at our practice meet with a
financial counselor at the time of their initial appointment
to determine current insurance benefits. For those patients
who did not proceed with stimulation following their con-
sultation, insurance benefits were inferred from financial
counseling notes at this initial visit; however, definitive
coverage could not be determined unless a patient
underwent stimulation. In patients who ultimately
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proceeded with treatment, insurance coverage was veri-
fied by billing records.

For those patients who proceeded with ovarian stimulation
for either oocyte or embryo banking, ovarian stimulation was
performed using either luteal-phase GnRH agonist, GnRH
antagonist, or microdose Lupron Flare protocols as previously
described [9, 23]. The starting dose of gonadotropins was
selected based on patient age, anti-Mullerian hormone
(AMH), FSH, and baseline antral follicle count (AFC). Most
patients with breast or endometrial cancer also received the
aromatase inhibitor letrozole 5 mg (Mylan Pharmaceuticals or
Teva Pharmaceuticals) throughout their stimulation cycle.
Patients elected to cryopreserve either embryos or oocytes.
For oocyte cryopreservation, oocytes were stripped on the
day of retrieval to assess maturity prior to cryopreservation
via vitrification.

Stimulation parameters including stimulation protocol,
starting gonadotropin dose, highest gonadotropin dose, total
duration of stimulation, number of follicles at trigger, estradiol
on day of trigger (pg/mL), type of trigger (HCG vs. Lupron
only vs. HCG + Lupron [24]), oocyte yield (mature and im-
mature), development of moderate or severe OHSS (as de-
fined by ASRM [25]), and cycle cancelation data were
collected.

Statistical analysis

Association of demographic and baseline characteristics by
group (medical vs. elective, pre- vs. post-ASRM guidelines,
proceeding vs. not proceeding with stimulation) were com-
pared using Pearson chi-squared, Fisher’s exact, and
Wilcoxon rank-sum tests for categorical and continuous data
as appropriate. Baseline ovarian reserve and ovarian stimula-
tion parameters were compared using linear and Poisson re-
gression models adjusting for age and starting AFC where
appropriate. All hormone concentrations were transformed
using natural log to reduce the influence of a left-skewed
distribution of values. A two-tailed p value of <0.05 was con-
sidered statistically significant. Data analysis was performed
using STATA statistical software version 12.0 (StataCorp,
College Station, TX, USA).

Results

Patient characteristics

A total of 542 patients were included in this analysis; 332
presented with a medical indication for fertility preservation,
while 210 presented for elective fertility preservation consul-
tation. Baseline demographic and clinical characteristics are
presented in Table 1. Compared to patients presenting with a
medical indication for fertility preservation, those presenting

electively were older (median age 36.8 vs. 29.3 years,
p < 0.0001), more diverse (66.2 vs. 78.3% Caucasian,
p = 0.002), highly educated (75.2 vs. 30.9% with master’s or
graduate/professional degree, p < 0.0001), less likely to have a
partner (25.7 vs. 63.0%, p < 0.0001), and more likely to be
nulligravid (79.5 vs. 67.8%, p = 0.003).

Comparison of ovarian reserve markers revealed that pa-
tients presenting electively had a higher FSH (median 7.3 vs.
6.0 mIU/mL, p = 0.001), had lower baseline antral follicle
count (AFC) (median 13 vs. 17, p = 0.001), and were more
likely to meet criteria for diminished ovarian reserve (DOR)
based on either FSH >10mIU/mL, AMH <1.0 ng/mL, or AFC
<6 (38.6 vs. 23.8%, p < 0.0001). Of note, after adjusting for
age, there was no difference in FSH or DOR between the two
groups (p = 0.27 and p = 0.19, respectively); however, AFC
remained significantly lower in the elective group
(p < 0.0001).

There was no difference in overall insurance coverage sta-
tus between the elective and medical groups (median 97.6 vs.
99.3%); however, a higher percentage of patients who present-
ed for elective fertility preservation consultation had insurance
benefits for fertility treatments (68.5 vs. 34.9%, p < 0.0001)
and oocyte vitrification (35.6 vs. 25.9%, p = 0.03).

There were no differences in the percentage of elective or
medical fertility preservation patients that proceeded to stim-
ulation (46.9 vs. 44.7%, p = 0.62); however, those presenting
electively were more likely to undergo multiple cycles
(p = 0.03).

Demographic and baseline characteristics were also com-
pared between elective and medical fertility preservation pa-
tients that presented pre-chemotherapy (n = 230) to account
for expected disparities in ovarian reserve parameters and
response to stimulation among those who had been exposed
to gonadotoxic therapies (Supplemental Table 1). Similar to
the above, the elective group had a higher maximum FSH
(median 7.3 vs. 5.9mIU/mL, p = 0.0001), a lower AFC
(median 13 vs. 18, p < 0.0001), and a higher percentage
of patients in the elective group who met criteria for DOR
based on either AMH, FSH, or AFC (38.6 vs. 21.7%,
p < 0.0001). However, after adjusting for age, maximum
FSH and DOR status were no longer statistically different
between groups.

In order to assess for factors that may impact the decision to
proceed with fertility preservation, demographic and baseline
characteristics were also compared among the elective pa-
tients who did and did not proceed to ovarian stimulation (data
not shown). There were overall no differences between those
who did or did not proceed with stimulation; however, a
higher percentage of patients who elected to proceed met
criteria for diminished ovarian reserve (DOR) by either an
AMH <1 ng/mL, FSH >10 mIU/mL, or AFC <6 (49.0 vs.
29.7%, p = 0.004), and this finding remained significant after
adjusting for age (OR 2.30 95%CI [1.27–4.17], p = 0.006).
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Ovarian stimulation cycle characteristics

One hundred seventeen pre-chemotherapy medical patients
underwent a total of 130 cycles of ovarian stimulation, and
98 elective patients underwent a total of 129 cycles. Table 2
compares cycle characteristics between the elective and med-
ical pre-chemotherapy groups. As expected based on the time-
sensitive nature of stimulation in the medical group, patients
presenting electively had a significantly longer time period
between initial consultation and the start of their stimulation
when compared with the pre-chemotherapy medical group
(median 110 vs. 13 days, p < 0.0001). Stimulation protocols
also significantly differed between the groups, with 11.1% of
the elective patients receiving a GnRH agonist protocols,
77.8% a GnRH antagonist protocol, and 11.1% a microdose
Lupron Flare protocol as compared with the medical patients
in which only 3.9% received a GnRH agonist protocol, 92.9%
an antagonist protocol, and 3.2% a microdose Lupron Flare
protocol (p = 0.003).

Overall, there were no differences in the highest or total
doses of gonadotropins, total days of stimulation, number of
follicles measuring >15 mm at trigger, or type of trigger med-
ication. Patients in the elective group received a higher starting

dose of gonadotropins (median 375 vs. 300 IU, p = 0.0008);
however, this difference was no longer significant after
adjusting for age (p = 0.289). As expected, overall estradiol
levels were higher on day of trigger in the elective vs. medical
group (median 2308 vs. 1013 pg/mL, p < 0.0001); however,
there were no significant differences in estradiol level when
only non-letrozole cycles were included (median 2308 vs.
2116 pg/mL, p = 0.09). The total number of follicles
>10 mm at trigger was lower in the elective group compared
with the medical group (median 16 vs. 20, p = 0.03); however,
this was no longer significant when adjusted for age
(p = 0.65). There were no differences in the total number of
oocytes retrieved or the percent of mature oocytes between the
groups. However, the cancelation rate was significantly higher
in the elective group compared with the medical group (10.9
vs. 3.9%, p = 0.03). There was no difference in the rate of
moderate or severe OHSS in the medical vs. elective group
(3.4 vs. 4.8%, p = 0.75); importantly, no patients required
hospitalization.

Ninety-three of the elective patients cryopreserved oocytes,
while one patient cryopreserved only embryos and one patient
cryopreserved both embryos and oocytes. Among the cohort
of pre-chemotherapy medical patients, 39 cryopreserved

Table 1 Demographic and
baseline characteristic by fertility
preservation consultation
indication

Elective (n = 210) Medicala (n = 332) p valueb

Age at consultation (years) 36.8 (34.8–39.0) 29.3 (24.3–34.8) <0.0001

Caucasian 66.2% 78.3% 0.002

Hispanic 2.4% 2.4% 1.00

Education (master’s or graduate/professional degree) 75.2% 30.9% <0.0001

Insurance coverage:

Any 97.6% 99.3% 0.13

Fertility 68.5% 34.9% <0.0001

Oocyte vitrification 35.6% 25.9% 0.03

Partnered 25.7% 63.0% <0.0001

Nulligravid 79.5% 67.8% 0.003

BMI 23.5 (21.5–26.6) 22.5 (20.7–26.6) 0.05

BMI >30 13.3% 14.2% 0.77

AMH (ng/mL) 1.52 (0.60–3.29) 1.64 (0.56–2.99) 0.65

AMH <1 ng/mL 37.8% 34.7% 0.57

Maximum FSH (mIU/mL) 7.3 (5.4–9.8) 6.0 (3.7–8.6) 0.001

FSH >10 mIU/mL 23.4% 20.6% 0.51

AFC 13 (9–19) 17 (9–27) 0.001

AFC <6 12.0% 11.8% 0.95

DOR by any category 38.6% 23.8% <0.0001

Proceed to stimulation 46.9% 44.7% 0.62

Among those who pursued stimulation—number of
cycles of ovarian stimulation [range]

1[1–4] 1 [1–3] 0.03

Values are median (inter-quartile range) or %
a Includes all medical patients presenting for consultation
bWilcoxon rank sum, chi-square, or Fisher exact testing as appropriate
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oocytes, 51 cryopreserved embryos only, and 11 cryopre-
served both embryos and oocytes. With respect to patients
who cryopreserved oocytes, four patients from the elective
group and two patients from the medical group have warmed
their oocytes thus far. All of these patients were at least
38 years of age at the time of cryopreservation, and none has
achieved pregnancy. Of the elective patients, two elected to
pursue pre-implantation genetic screening (PGS) prior to
transfer and neither had normal embryos to transfer. One pa-
tient failed a single frozen embryo transfer and is planning a
transfer with a remaining cryopreserved blastocyst from the
cryopreserved oocytes, and the last patient did not conceive.
Of the medical patients who cryopreserved oocytes, one pa-
tient did not undergo embryo transfer as her oocytes did not
survive warming (four oocytes were cryopreserved prior to
routine cryopreservation at our facility). The remaining patient
warmed seven oocytes planning for PGS for use in a gesta-
tional carrier; however, her embryos did not develop to the
blastocyst stage.

Eighteen pre-chemotherapy patients from the medical co-
hort have returned to utilize their embryos. Of these patients,
8/18 (44%) reported a live birth or current ongoing pregnancy.
Notably, six of these patients utilized a gestational carrier. Of

the ten patients who did not conceive with their cryopreserved
embryos, one conceived spontaneously, one underwent a fresh
IVF cycle resulting in a twin live birth with use of a gestational
carrier, two patients utilized donor oocytes with subsequent
live births, one is currently undergoing a repeat frozen embryo
transfer with remaining embryos, and one patient is undergo-
ing fertility treatments. Additionally, two patients have subse-
quently been diagnosed with recurrent metastatic malignancy
and two decided against additional treatment.

Fertility insurance coverage

Data on insurance fertility benefits was available on 202/210
(96%) of the elective patients and 269/332 (81%) of the med-
ical patients. The percentage of patients with fertility benefits
in both groups of patients is shown in Table 3. Of note, among
patients presenting for elective fertility preservation consulta-
tion, there was no difference in the percentage of patients with
general fertility benefits who proceeded to or declined stimu-
lation (64.5 vs. 72.6%, p = 0.23); however, a higher percent-
age of patients who proceeded to stimulation did specifically
have oocyte vitrification benefits (45.9 vs. 26.6%, p = 0.006).
In the medical fertility preservation group, a higher percentage

Table 2 Ovarian stimulation
cycle characteristics and oocyte
yield by indication

Elective (n = 129) Medicala (n = 130) p valueb

Consult to stimulation (days) 110 (65–194) 13 (3–32) <0.0001

Protocol: 0.003
Agonist 11.1% 3.9%

Antagonist 77.8% 92.9%

Flare 11.1% 3.2%

Starting gonadotropin dose (IU) 375 (225–600) 300 (225–450) 0.0008

Highest gonadotropin dose (IU) 450 (300–600) 375 (225–525) 0.12

Total dose of gonadotropins (IU) 3750 (2325–5400) 3150 (2400–4950) 0.30

Total days of stimulation 11 (10–13) 11 (10–13) 0.65

Number of follicles >15 mm 9 (5–13) 10 (6–13) 0.12

Total number of follicles >10 mm at trigger 16 (10–25) 20 (12–29) 0.03

Estradiol level day of trigger (pg/mL) 2308 (1398–3009) 1013 (568–2209) <0.0001

Estradiol level day of trigger

Non-letrozole cycles (pg/mL)

2308 (1398–3009) 2116 (1132–2836) 0.09

Trigger type 0.55
hCG 72.4% 65.6%

Lupron 5.2% 7.2%

hCG + Lupron 22.4% 27.2%

Total number of oocytes retrieved 10 (6–15) 11 (8–18) 0.06

Number mature oocytes 7 (4–13) 8 (6–15) 0.23

Percent mature oocytes 80% (70–90%) 80% (64–89%) 0.24

Ovarian hyperstimulation syndrome 3.4% 4.8% 0.75

Canceled cycles 10.9% 3.9% 0.03

Values are median (inter-quartile range) or %
aRestricted to those patients that were pre chemotherapy
bWilcoxon rank sum, chi-square, or Fisher exact testing as appropriate
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of patients who proceeded to stimulation had both fertility and
oocyte vitrification coverage as compared to patients who did
not undergo stimulation (42.1 vs. 27.1%, p = 0.01 and 31.4%
vs. 19.8%, p = 0.04).

Removal of the Bexperimental^ label from oocyte
cryopreservation

We also investigated how medical decision-making may have
changed as a result of the January 2013 publication of the
ASRM practice guidelines removing the Bexperimental^ label
from oocyte cryopreservation. Of note, the number of consults
for fertility preservation nearly doubled in our practice be-
tween 2012 and 2014 (108 consults in 2014 up from 82 in
2013 and 55 in 2012). This number continued to rise to 121 in
2015. Similarly, the number of patients proceeding to stimu-
lation tripled in our practice in 2013 (74 individuals undergo-
ing stimulation in 2013 up from 22 in 2012). The number of
individuals undergoing stimulation then remained fairly con-
stant with 60 individuals proceeding with stimulation in 2014
and 58 in 2015. To assess for immediate differences in the
decision to proceed to stimulation after publication of the
ASRM guidelines, we compared the percentage of patients
who proceeded with stimulation before 2013 to those who
proceeded in 2013/2014. In the medical group, there was no
difference in the percentage of patients who proceeded before
or after 2013 (75/165 (45.5%) pre-guidelines and 42/89
(47.2%) post-guidelines, p = 0.79). In the elective group, how-
ever, a significantly higher percentage of patients proceeded
with stimulation immediately after the guidelines were pub-
lished (31.8% (7/22) pre-guidelines vs. 63.4% (64/101) post-
guidelines, p = 0.009). Given that a significantly higher pro-
portion of patients in the elective group proceeded to stimula-
tion following removal of the experimental label from oocyte
cryopreservation, we also compared the demographic and
baseline characteristics of these patients before and after
2013 to determine whether there were any differences in the
patient populations presenting for consultation (data not
shown). Overall, there were no differences in the patient’s
presenting before or after release of the practice committee

guidelines. While those presenting before the guidelines had
a statistically lower AMH, after adjusting for age, this was no
longer significant (p = 0.17).

Discussion

Increasing awareness and utilization of fertility preservation
has resulted in debate among physicians, professional socie-
ties, and the public about the appropriateness of this technol-
ogy for patients electively deferring childbearing as compared
to those facing gonadotoxic treatment. In our study, there were
clear differences between the patients who presented for elec-
tive vs. medically indicated fertility preservation consultation,
with elective patients being older, single, highly educated, and
more likely to have diminished ovarian reserve at presenta-
tion. This is in agreement with previous studies examining the
demographics of the elective fertility preservation population
[18, 19, 21, 26] and is also similar to the only other study that
directly compared an elective fertility population to patients
with malignancy [22]. In our study, there were no differences
in baseline serummarkers of ovarian reserve between medical
vs. elective patients when age was taken into account.
Interestingly, antral follicle count was statistically lower in
the patients presenting electively, suggesting there may be
other factors, not accounted for by our chart abstraction (i.e.,
counseling from providers outside our healthcare system, fam-
ily history of difficulty conceiving, geographic or peer influ-
ences) that drive patients to seek consultation. Additional pro-
spective studies would shed light on the factors influencing
patient presentation.

Previous studies examining ovarian stimulation in patients
with malignancy generally compare this population to patients
with various infertility diagnoses. Furthermore, the data are
conflicting with some studies demonstrating no difference in
stimulation parameters or outcomes [9–11, 13, 15, 16], while
others report that patients withmalignancy have fewer oocytes
retrieved [12, 14]. In our study, comparison of pre-
chemotherapymedical patients to patients undergoing elective
fertility preservation demonstrated no differences in total

Table 3 Insurance benefits and
decision to proceed with
stimulation

Proceed to stimulation (n = 95) No stimulation (n = 107) p value

Elective fertility preservation group

Fertility benefits 72.6% 64.5% 0.23

Oocyte vitrification benefits 45.9% 26.6% 0.006

Proceed to stimulation (n = 140) No Stimulation (n = 129) p value

Medical fertility preservation group

Fertility benefits 42.1% 27.1% 0.01

Oocyte vitrification benefits 31.4% 19.8% 0.04
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gonadotropin doses, total number of oocytes retrieved, or ma-
ture oocyte yield when age was accounted for, even though
the choice of ovarian stimulation protocol differed between
the groups. The cancelation rate was higher in the elective
group, which is likely secondary to increased age and dimin-
ished ovarian reserve in this population. Additionally, cancer
patients may have been more motivated to complete fertility
preservation cycles given that patients were facing imminent
gonadotoxic therapy.

We were also able to assess insurance benefits for the ma-
jority of patients who presented for consultation to infer the
degree to which this factor might influence medical decision-
making. Of note, among all patients who presented for fertility
preservation consultation, benefits for oocyte cryopreserva-
tion were significantly higher in patients who elected to pro-
ceed to stimulation. Among the medical patients who
underwent stimulation, a significantly higher percentage also
had fertility benefits. Previous research in patients with malig-
nancy has underscored the importance of financial concerns
on the decision to undergo fertility preservation, with
decision-making significantly impacted by the cost of treat-
ment [27–29]. In a recent survey of Singaporean medical stu-
dents queried about elective oocyte cryopreservation, 45.7%
would undergo cryopreservation for career advancement;
however, this number increased to 71.3% if a government
subsidy was available [30]. Our data further supports the sig-
nificance of cost on decision-making in all patients consider-
ing fertility preservation, and provides evidence that insurance
coverage plays an important role in the decision to undergo
fertility preservation.

In order to assess the impact of the ASRM guidelines on
both patients presenting for consultation and their decision
to proceed with stimulation, we also analyzed patients ac-
cording to presentation before 2013 and in the immediate
2 years following the guidelines. The number of patients
presenting for fertility preservation tripled in our practice
in 2013 illustrating a concomitant increase in public interest
following release of the guidelines. Furthermore, our tem-
poral analysis revealed no differences in the demographics
or characteristics of patients presenting for consultation;
however, a significantly higher percentage of patients in
the elective group proceeded to stimulation during this time.
Thus, while patients presenting electively continued to be
older and have decreased ovarian reserve, they were more
likely to proceed with stimulation. There was no difference,
however, in the percentage of patients in the medical group
who decided to proceed with stimulation. This is especially
interesting as the ASRM guidelines specifically cautioned
against the use of this technology solely for circumvention
of reproductive aging. Furthermore, other than insurance
coverage, the only characteristic that differed among elec-
tive patients who proceeded to stimulation was the presence
of DOR.

This finding highlights the current ethical debate regarding
elective oocyte cryopreservation which argues that increased
reproductive autonomy empowers women while opponents
are concerned that elective oocyte cryopreservation promotes
a false sense of security regarding pregnancy at an advanced
age and benefits from misconceptions regarding the overall
success of the technology [3–5, 26, 31, 32]. Indeed, miscon-
ception among the public is a major concern as studies have
consistently demonstrated a significant knowledge gap re-
garding the natural decline in fertility and success of fertility
treatments [6, 33–35]. Furthermore, survey data of patients
who have undergone fertility preservation consistently dem-
onstrates that the largemajority of these patients wish they had
undergone stimulation at an earlier age [18, 36]. In our study,
only four patients in the elective group have returned to warm
their oocytes; however, none have achieved pregnancy and all
were greater than 38 at the time of stimulation. More recently,
two larger studies reporting pregnancy rates following oocyte
cryopreservation demonstrated reassuring pregnancy rates fol-
lowing oocyte vitrification. However, clear differences in suc-
cess rates are apparent as patients age, especially after the age
of 35, when significant decreases in pregnancy rates were
noted, even when the same number of oocytes were thawed
[20, 21]. This underscores the importance of proper patient
education both by physicians as well as through public fo-
rums, especially as public awareness of this technology
increases.

This is one of the first studies to directly compare patients
presenting for elective vs. medically indicated fertility preser-
vation consultation. This study is also unique in its examina-
tion of patient demographics before and after release of the
2013 ASRM guidelines and assessment of fertility insurance
benefits. Limitations include the potential for selection and
ascertainment bias inherent to its retrospective design.
Furthermore, the data presented are from a single academic
institution which limits sample size and generalizability as
demographics and practice patterns may vary geographically.
Indeed, a larger and national dataset would be useful in further
exploring patient populations and fertility preservation out-
comes. It should also be noted that concomitant with release
of the ASRM guidelines was a surge in media attention as
corporations such as Facebook and Apple advertised fertility
preservation as a professional benefit [37]. Therefore, it is
important to note that increased utilization of fertility preser-
vation among the elective population may also have been
significantly influenced by increased social media attention.
Finally, the medical group consisted of a heterogeneous pop-
ulation including patients with a mixture of diagnoses such as
malignancy, hematologic disorders, and autoimmune diseases
which lends generalizability, but limits assessment of nuances
between diagnostic groups.

In conclusion, while the patient populations presenting for
medical or elective fertility preservation consultation may be
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different at baseline, there does not appear to be a difference in
their response to stimulation after controlling for age.
Insurance benefits for fertility preservation seem to play an
important role in the decision to proceed with stimulation
among all patients presenting for fertility preservation consul-
tation. Finally, since the removal of the experimental label
from oocyte cryopreservation, an increased number of patients
are proceeding with elective fertility preservation; however,
this population remains at an advanced age and with dimin-
ished markers of ovarian reserve. This finding underscores the
importance of improved and up-to-date patient education re-
garding reproductive health, age-related decline in fertility,
and the potential benefits of fertility preservation through oo-
cyte cryopreservation. Most importantly, it will be critical to
continue to follow these women to understand their utilization
of previously cryopreserved oocytes and embryos, as well as
their pregnancy, offspring, and overall health in the future.

Compliance with ethical standards The study protocol was approved
by the Institutional Review Board at the University of Pennsylvania (IRB
#819938). All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent For this type of study, formal consent is not
required.
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