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Objective: To evaluate the quantity and use of embryos cryopreserved at assisted reproductive technology (ART) clinics in the United
States from 2004 through 2013 and to characterize trends in ART cycles in which all embryos were cryopreserved.
Design: Retrospective analysis.
Setting: Not applicable.
Patient(s): Registry data from the Society for Assisted Reproductive Technology.
Intervention(s): Historical cohort of U.S. ART cycles reported to the Society for Assisted Reproductive Technology Clinical Outcomes
Reporting System between 2004 and 2013.
Main Outcome Measure(s): Number of embryos cryopreserved and factors associated with having cryopreserved embryos.
Result(s): The percentage of fresh cycles in which all embryos were frozen increased dramatically each year after 2010: 15.6% (2010),
19.9% (2011), 30.7% (2012), and 40.7% (2013). During 10 years, 1,954,548 embryos were cryopreserved and 717,345 embryos were
transferred. In freeze-only cycles from 2004 to 2013, there was a significant increase in the percentage of women with diminished
ovarian reserve (19.9% to 34.1%) and in those who used preimplantation genetic testing (3.2% to 6.9%). During the 10-year period,
there were 294,575 fresh cycles with embryo transfer and at least one embryo cryopreserved. Overall, 52.5% (n ¼ 154,543) did not
undergo a subsequent frozen embryo transfer, 29.5% (n ¼ 40,462) were left with no frozen embryos, 50.4% (n ¼ 68,875) had one–
five embryos, and 20.0% (n ¼ 27,396) had Rsix. Factors associated with having excess embryos included donor oocyte cycles and
increased antim€ullerian hormone levels.
Conclusion(s): There has been a sharp increase in U.S. ART cycles in which all embryos are frozen and this may result in more embryos
in storage. (Fertil Steril Rep� 2020;1:71–7. �2020 by American Society for Reproductive Medicine.)
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W ith the evolution of tech-
niques in human assisted
reproductive technology

(ART), many more fertilized eggs and
early embryos are created than can be
safely transferred to a woman’s uterus.
Received January 1, 2020; revised May 23, 2020; acce
M.S.C. has nothing to disclose. J.E.S. has nothing to

ported grants from the National Institutes of He
nothing to disclose. W.V. has nothing to disclos

Supported by the Clinical Research Scientist Training
tute of Child Health and Human Development

Reprint requests: Mindy S. Christianson, M.D., Johns
of Reproductive Endocrinology, 10751 Falls
mchris21@jhmi.edu).

Fertil Steril Rep® Vol. 1, No. 2, September 2020 2666
© 2020 The Authors. Published by Elsevier Inc. on be

icine. This is an open access article under the CC
licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xfre.2020.05.010

VOL. 1 NO. 2 / SEPTEMBER 2020
Toavoid themorbidity ofmultiple gesta-
tion, embryo cryopreservation has
developed as a routine practice among
U.S. ART clinics (1). Despite the clinical
advantages that embryo cryopreserva-
tion provides, it also presents new
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lenges. As a result of the prevalent prac-
tice of embryo cryopreservation, in 2003
it was estimated that at least 400,000
cryopreserved embryos were in storage
at that time in the United States (2). Cou-
ples primarily have five choices
regarding disposition of supernumerary
embryos: save the embryos for a future
embryo transfer cycle, donate embryos
for research, thaw and discard, donate
their embryos to another intended
parent, or continue to store embryos. Ev-
idence suggests, however, that many
embryos remain in storage with no spe-
cific plan for future use because the ma-
jority of patients delay the final
disposition decision (3).
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ORIGINAL ARTICLE: FEATURED ARTICLES
Previous research has demonstrated that the disposition
of cryopreserved embryos in storage, once family-building
has been completed, often presents a decision-making
dilemma for patients (4). Qualitative studies demonstrate
that patients feel a significant amount of emotional distress
when deciding what to do with spare embryos (5). One nation-
wide survey of patients who underwent fertility treatment
found that 40% of those who completed childbearing could
not identify a preferred disposition option for excess embryos
and nearly 20% indicated they were likely to delay the deci-
sion indefinitely (3). Additionally, another national survey
of 1,005 patients with cryopreserved embryos found that
39% reported high decisional conflict regarding disposition
of their spare embryos (6). Identifying patients at risk for hav-
ing spare embryos could allow fertility centers to target those
who would benefit from counseling regarding the implica-
tions of embryo cryopreservation and spare embryos. Inter-
views of women and/or couples with cryopreserved
embryos demonstrated that counseling regarding cryopreser-
vation options decreased emotional distress (7).

Until recently, fresh embryo transfer historically had
been the norm during ART cycles. Cycles in which embryos
are cryopreserved until a subsequent cycle, ‘‘freeze-only’’ or
‘‘freeze-all’’ cycles, have increased in use to reduce risk of
ovarian hyperstimulation (OHSS) and for preimplantation
genetic testing (PGT) cycles. Also, freeze-only cycles have
been used to allow poor-responder patients to bank em-
bryos (8). Additionally, there have been recent concerns
that controlled OHSS could have adverse effects on the
endometrium and decrease pregnancy rates in fresh embryo
transfer cycles (8). Due to initial data that suggested
improved pregnancy rates, placentation, and possibly
even improved fetal outcomes with frozen embryo transfer
(FET) compared with fresh embryo transfer, some U.S.
clinics have promoted freezing all embryos in a cycle fol-
lowed by subsequent FET for all cycles, regardless of pa-
tient characteristics (9). The impact of the evolution of
freeze-only cycles on embryo cryopreservation storage pat-
terns has not been fully elucidated.

Since publication of the article by Hoffman et al. (2) in
2003, there have been no additional studies evaluating the
number of cryopreserved embryos in the United States or
that have accumulated since that time. Therefore, a current
estimate of the number of cryopreserved embryos in the
United States is not available. In this study, we sought to
investigate the current quantity and use of embryos cryopre-
served at ART clinics in the United States from 2004 through
2013. We also aimed to characterize patient trends in fresh
ART cycles in which all embryos were cryopreserved. Finally,
we sought to estimate the number of patients with excess cry-
opreserved embryos after a fresh embryo transfer and to
determine factors associated with having ‘‘leftover embryos’’
in storage after subsequent transfers.
MATERIALS AND METHODS
The data for this study were obtained from the Society for As-
sisted Reproductive Technology Clinic Outcome Reporting
System (SART CORS), which contains comprehensive data
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from more than 90% of all clinics performing ART in the
United States. Data were collected and verified by SART and
reported to the Centers for Disease Control and Prevention.
The SART maintains Health Insurance Portability and
Accountability Act–compliant business associates agree-
ments with reporting clinics. In 2004, after a contract change
with the Centers for Disease Control and Prevention, SART
gained access to the SART CORS data system for the purposes
of conducting research, which is the earliest year for which we
were able to evaluate cycles for this study. The study was re-
viewed and approved by the SART Research Committee before
provision of data. The study was reviewed by the Johns Hop-
kins University institutional review board and was considered
exempt.

This study included U.S. ART cycles reported to the SART
CORS from January 1, 2004 through December 31, 2013. The
study was limited to cycles in which an oocyte retrieval and
embryo cryopreservation took place followed by any FET cy-
cles that made use of those cryopreserved embryos. Frozen
oocyte thaw cycles were excluded. FET cycles performed in
2014 or later using embryos created in our data set were not
included in the study. Also, FET cycles performed in 2004–
2013 using embryos created in 2003 or earlier were not
included in the study. During the 10-year period, there were
a total of 411,811 autologous fresh ART retrievals from
women in whom at least one embryo was cryopreserved. Cy-
cles were categorized by year and by whether they resulted in
one of the following: embryo transfer and no pregnancy, em-
bryo transfer and clinical pregnancy, embryo transfer and live
birth, or cryopreservation of all embryos with no embryo
transfer. Based on the date from each category per year, the
total number of embryos during the 10-year period both cry-
opreserved and transferred were calculated.

To evaluate freeze-only cycles, during the 10-year period
we evaluated a total of 79,360 autologous fresh ART retrievals
fromwomen in whom all embryos were cryopreserved. Cycles
were categorized by year and analyzed based on age, body
mass index (BMI), reason for ART, number of oocytes
retrieved, number of embryos cryopreserved, whether PGT
was performed, and geographic region. Cochran-Armitage
trend test or Spearman correlation measure was performed
to determine if there was an increasing or decreasing trend
from the years of 2004–2013 depending on the variable
data type.

Finally, we examined all cycles during the 10-year period
in which oocyte retrieval and embryo transfer took place with
at least one embryo cryopreserved. We used patient identifi-
cation and ART cycle sequence to link the fresh cycle and sub-
sequent FETs for each patient. Any fresh ART cycles after a
subsequent fresh cycle were excluded; we only followed the
first fresh cycle for each patient in which at least one embryo
was cryopreserved. Patients were categorized by remaining
embryos after FET as zero, one–five, or Rsix embryos and
compared for age, BMI, antim€ullerian hormone (AMH), and
infertility diagnosis. Kruskal-Wallis and Chi-square tests
were used for continuous and categorical variables, as appro-
priate. All analyses were performed with SAS, (version X4;
SAS Institute). Statistical significance was defined as a two-
sided P < .05.
VOL. 1 NO. 2 / SEPTEMBER 2020



FIGURE 1
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RESULTS
Of 411,811 fresh ART cycles during the 10-year period in
which at least one embryo was cryopreserved, 31.5% resulted
in no pregnancy, 48.6% resulted in a clinical intrauterine
pregnancy, 41.5% resulted in a live birth, and 19.2% had all
embryos cryopreserved (results are not cumulative but for
the initial fresh cycle). The percentage of fresh cycles in which
all embryos were frozen increased significantly each year af-
ter 2010 with the following percentages of freeze-only cycles:
15.6% (2010), 19.9% (2011), 30.7% (2012), and 40.7% (2013);
the trend was significant with P< .0001 (Fig. 1). The mean
number of embryos cryopreserved per cycle was 4.75. The
number of embryos cryopreserved per year steadily increased
from 158,383 in 2004 to 303,203 in 2013 (trend analysis sig-
nificant; P< .0019). During the 10-year period, 1,954,548 em-
bryos were cryopreserved and 717,345 embryos were
subsequently thawed and transferred. In total, 1,237,203 em-
bryos were cryopreserved and are potentially still in storage,
although we cannot account for embryos that were discarded,
donated, or did not survive the thaw.

As shown in Table 1, among fresh ART cycles in which all
embryos were cryopreserved, the mean patient age was 36.3
years old and the mean number of embryos cryopreserved
per cycle was 6.3. As Figure 2 shows, in freeze-only cycles
from 2004–2013, there was a significant increase in the per-
centage of women with diminished ovarian reserve (19.9% to
34.1%; P¼ .001) and in the percentage who used PGT (3.2%–

6.9%; P¼ .017). During the 10-year period, the proportion of
freeze-only cycles for women with polycystic ovary syn-
drome (PCOS) decreased significantly from 18.3% per year
to 10.3% (P< .001), and the proportion of cycles for those
with endometriosis decreased from 9.9% per year to 5.6%
(P< .001). The mean number of oocytes retrieved among
freeze-only cycles decreased from 17.8–14.0 (P¼ .002) and
VOL. 1 NO. 2 / SEPTEMBER 2020
the mean number of embryos cryopreserved per cycle
decreased from 8.9–6.0 (P< .001). There was no significant
difference in patient age or BMI among freeze-only cycles.
The proportion of freeze-only cycles among geographic re-
gions did not change significantly during the 10-year period:
Northeast (38.6%), West (31.7%), South (19.4%), and Midwest
(10.3%).

During the 10-year period, there were 294,575 fresh cy-
cles with embryo transfer with at least one embryo cryopre-
served and these were linked to subsequent cycles during
the 10-year period. Table 2 demonstrates characteristics of
these cycles and how many subsequent FET cycles that pa-
tients underwent during the 2004–2013 time period. Overall,
52.5% (n ¼ 154,543) did not undergo a subsequent FET,
35.4% underwent one FET, 9.0% (n ¼ 26,570) underwent
two FETs, 2.3% (n ¼ 6,707) underwent three FETs, and the
remainder, 0.9% (n ¼ 2,505), underwent four or more FETs.
Among the cohort, 29.5% (n ¼ 40,462) had no additional
frozen embryos, 50.4% (n ¼ 68,875) had one–five embryos,
and 20.0% (n¼ 27,396) hadRsix. Patients with six or greater
remaining frozen embryos had a significantly higher AMH
level than those with no embryos or one–five embryos (4.0
vs. 2.5 and 3.0; P< .001) and were more likely to have used
donor oocytes (25.2% vs. 13.7% and 17.2%; P< .001). There
was a higher percentage of patients with PCOS among those
with Rsix frozen embryos remaining (21.2% vs. 16.9% and
14.4%; P< .001).

DISCUSSION
The number of ART cycles has increased significantly since
the birth of the first in vitro fertilization baby over 40 years
ago, and with these advancements new issues have emerged.
This is the first article in recent years to evaluate embryo cryo-
preservation trends in the United States. Our analysis
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TABLE 1

Patient characteristics in freeze-only cycles from 2004–2013.

Variable 2004 2008 2013

Total freeze-only
cycles (n)

2,325 4,442 25,346

Mean age (y) 35.2 36.2 36.5
Mean BMI (kg/m2) Not reported 24.5 24.3
Percent nulliparous,

% (N)
49.4 (1,162) 46.4 (2,063) 50.7 (12,844)

Percent donor egg
cycles, % (N)

12.2 (284) 8.9 (395) 6.2 (1,575)

Mean eggs retrieved 18.9 13.6 14.3
Mean embryos

frozen (n)
9.1 6.2 6.1

Diagnosis, % (N)
Other reason for ART 24.9 (578) 27.2 (1,206) 39.5 (10,011)
Diminished ovarian

reserve
19.9 (463) 34.0 (1,509) 34.1 (8,637)

Male infertility 28.4 (660) 24.8 (1,101) 23.2 (5,871)
Preimplantation

genetic testing
3.2 (74) 4.1 (182) 19.3 (4,891)

Polycystic ovary
syndrome

18.3 (425) 13.0 (579) 10.3 (2,617)

Tubal factor 15.7 (365) 13.3 (591) 7.3 (1,850)
Unexplained 8.6 (200) 6.1 (272) 8.9 (2,245)
Endometriosis 9.9 (231) 7.3 (326) 5.6 (1,424)
Uterine 8.9 (206) 6.2 (277) 5.7 (1,436)
Other, noninfertile 0.0 (0) 0.7 (29) 6.3 (1,590)

Note: Data presented as % (N), unless noted otherwise. ART ¼ assisted reproductive tech-
nology; BMI ¼ body mass index.
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demonstrates that there has been a sharp increase in the num-
ber of U.S. ART cycles in which all embryos are frozen, and
this has resulted in more embryos in storage. Additionally,
the upsurge in the number of patients with cryopreserved em-
bryos results in a subsequent increase in disposition decisions
and counseling that will be required by patients and clinics.

A notable finding in our analysis was the increase in
freeze-only cycles. Underlying factors associated with
freeze-only ART cycles have changed significantly during
the past 10 years. Although an increased proportion of PGT
among freeze-only cycles is not unexpected, the trend of an
increased proportion of patients with diminished ovarian
reserve among freeze-only cycles reflects a noteworthy
change in practice pattern. Indeed, it is well known that in
recent years freezing all embryos has been recommended in
patients at risk for OHSS. However, fertility specialists are
now often recommending freezing of all available good-
quality embryos and then planning for delayed embryo trans-
fer in a subsequent cycle, and the benefit of this is still in
question (10). Our data demonstrate the trend to shift from
fresh to FETs in many programs for reasons beyond OHSS
prevention and PGT cycles. It should be noted that a higher
percentage of freeze-only cycles were in the ‘‘other reasons
for ART’’ category. High rates of ‘‘other reason for ART’’ are
an expected finding for freeze-only cycles. Rather than un-
dergoing ART for specific infertility issues, freeze-only cycles
are often are for such things as cancer or other medical con-
ditions requiring preservation of embryos. They also include
those banking embryos for social reasons. Although today
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SART is more specific with fertility preservation diagnoses,
in the years 2004–2013 specific information was not
collected.

Multiple studies have compared fresh embryo transfer
with FET, with inconsistent results. Two recent meta-
analyses showed that freeze-only cycles are associated with
a lower risk of low birthweight and preterm delivery
compared with fresh embryo transfers, whereas FET may be
associated with hypertensive disorders of pregnancy and
large-for-gestational age neonates (11, 12). Another recent
population-based database study also demonstrated that
compared with fresh transfer, FET is associated with higher
birth weight infants with increased risk of complications dur-
ing the neonatal period (13). A Cochrane review and meta-
analysis that combined four randomized controlled trials
comparing fresh versus FETs found no significant difference
in cumulative live birth rates (14). In another meta-analysis
evaluating 2,728 cycles with fresh versus FET, a subanalysis
of the number of eggs retrieved found that the freeze-only
strategy was beneficial when 15 or more eggs were retrieved
but not when lower numbers of oocytes were retrieved (15).

Two large randomized controlled trials in China
compared fresh embryo transfers versus FETs in two popula-
tions, respectively, women with PCOS and ovulatory women
(16, 17). Among women with PCOS, FET demonstrated a
higher live birth rate and lower pregnancy loss rate compared
with fresh embryo transfer (16). In contrast, in ovulatory
women who had a more moderate response to controlled
ovarian hyperstimulation, the live birth rate did not differ
significantly between the frozen embryo group and the fresh
embryo group (17). A recent SART analysis of more than
80,000 autologous first, fresh ART cycles reported that
freeze-only with FET cycles have higher pregnancy rates
than fresh transfers in high responders (with 15 or more oo-
cytes retrieved) who are undergoing their first ART transfer.
However, FET was not beneficial and indeed was associated
with lower clinical pregnancy and live birth rates in interme-
diate and low responders (18).

In our 10-year analysis of linked fresh and frozen ART cy-
cles, more than half of cryopreserved embryos were not sub-
sequently transferred. Factors associated with Rsix embryos
remaining after subsequent FET included increased AMH,
PCOS diagnosis, and use of donor eggs. Given the large num-
ber of cryopreserved embryos potentially stored indefinitely,
attention should be directed to creating a taskforce to address
the issue of excess cryopreserved embryos after family-
building goals have been achieved. As embryo cryopreserva-
tion continues and surplus embryos become more frequent,
assisting patients in making embryo disposition decisions
will become even more critical. Additionally, excess cryopre-
served embryos provide fertility centers and embryology lab-
oratories with administrative, financial, legal, and ethical
dilemmas (3, 19–21).

Embryo cryopreservation may be initially reassuring to
infertile patients as it represents the promise of family build-
ing (4). But once family building is completed, embryo dispo-
sition presents a major decision-making dilemma that can be
difficult (6). In fact, many patients report planning to delay
the decision as long as possible (22). It is estimated that
VOL. 1 NO. 2 / SEPTEMBER 2020



FIGURE 2
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approximately one third of patients will not return to provide
medical directives for their embryos (23). For many couples, it
is difficult to commit to a disposition decision so decisional
regret is avoided by continuing to store embryos (24, 25).
Counseling for patients with cryopreserved embryos thus
far have been overlooked at most centers (26).

Factors that influence embryo disposition decisions fall
into four categories: personal beliefs and values, life circum-
stances, embryo quality, and level of clinical support and in-
formation (24). The factor that has been identified as playing
the largest role in determining the ultimate embryo
disposition decision is the way people conceptualize the em-
bryo (4, 5, 27–29). One study showed that nearly 90% of
patients with cryopreserved embryos who had children
perceived the embryos to be siblings of their existing
children (22). One survey of 1,020 patients with
cryopreserved embryos at nine centers in the United States
reported that the perceived moral status of the embryo
VOL. 1 NO. 2 / SEPTEMBER 2020
correlated with options for disposition with ‘‘future child’’
more likely to be used for future pregnancy attempts
whereas ‘‘biologic material’’ was more likely to be chosen
for donation to research or discarding (3). Additionally,
couples frequently change their minds regarding embryo
disposition from the option first chosen (19, 30, 31).
Although some studies report patients’ decisions to donate
excess embryos to research are increasing (32–34), other
studies report that most couples will decide ultimately to
discard their embryos (20, 23, 35–37).

Our study demonstrates that many couples are cryopre-
serving embryos and will need to make an embryo disposition
decision. This establishes the need for fertility centers to
counsel patients upfront regarding the potential need to
make a disposition decision prior to starting ART treatment
(5, 27). One cross-sectional study surveyed patients with em-
bryos cryopreserved at a fertility center for more than 2 years.
They found that while the majority of patients reported that
75



TABLE 2

Distribution of subsequent FET cycles after fresh embryo transfer
cycles with at least one additional embryo frozen.

A. Disposition of subsequent FET cycles

FET % (N)

0 52.5 (154,543)
1 35.4 (104,250)
2 9.0 (26,570)
3 2.3 (6,707)
R4 0.9 (2,505)

B. Remaining embryos for patients who froze embryos initially after
1 fresh cycle

Embryos cryopreserved
per patient, n % (N)

0 29.5 (40,462)
1–5 50.4 (68,875)
R6 20.0 (27,396)

C. Characteristics more likely in patients with ‡6 remaining frozen
embryos

Characteristic ‡6 Embryos 1–5 Embryos 0 Embryos P value

Mean AMH
level (pg/mL)

4.0 3.0 2.5 < .001

Donor oocytes, % 25.2 17.2 2.5 < .001
PCOS diagnosis, % 21.2 16.9 13.7 < .001
Note: AMH ¼ antim€ullerian hormone; FET ¼ frozen embryo transfer; PCOS ¼ polycystic
ovary syndrome.
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prior to treatment the information provided by clinics was
adequate, they also reported that after treatment the educa-
tion received was not adequate to assist them in making em-
bryo disposition decisions (38). One multicenter, U.S.-based
study interviewed families with embryos cryopreserved at
least 6 years. The majority of families with cryopreserved em-
bryos perceived their fertility center team as the primary
source of information and felt that clinics were under an obli-
gation to help them with embryo disposition decisions (7). A
survey of patients who underwent fertility treatment found
that 40% of patients who had completed childbearing could
not identify a preferred disposition option for their excess em-
bryos; one in five of those individuals indicated they were
likely to put off the decision indefinitely (3). Additionally,
research has demonstrated that patients’ intentions regarding
spare embryos change after ART treatment and also can be
predicted by ART cycle outcomes (23, 31, 39).

A notable strength of our study is that this is the largest
study to date examining trends in embryo cryopreservation
among U.S. ART cycles. Our study limitations include its
retrospective nature with a lag in data reporting, therefore,
only the available parameters could be included. Addition-
ally, this was a very heterogeneous cohort of cycles, with
overall results including both cleavage-stage and blastocyst
embryos. Another limitation is that for the time frame of
this study, from 2004–2013, it was not possible to identify
the percentage of cycles that were done for fertility preserva-
tion indications only. Additionally, due to the lag in reporting
cycles that is associated with the SART CORS data, we cannot
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account for embryos created and cryopreserved during that
study period that may have been transferred in 2014 or later.
We also cannot account for ‘‘compassionate embryo trans-
fers,’’ FETs performed during a suboptimal time during the cy-
cle as a disposition alternative to discarding embryos.
However, the largest limitation of this study is that SART
CORS cannot account for embryos that were discarded,
donated to research, or donated to other couples. For instance,
it was not possible to know from the SART data available
whether embryos that underwent preimplantation genetic
testing were acceptable to be transferred, both by aneuploid
status and/or if affected for a genetic mutation or structural
abnormality. These affected or abnormal embryos presum-
ably would not be transferred in most cases.
CONCLUSIONS
In conclusion, we found that embryo cryopreservation has
increased sharply in the United States in a 10-year period
from 2003–2013. There has been a dramatic increase in the
United States in the number of cycles in which all embryos
are frozen. Both the increase in embryo cryopreservation
with fresh cycles in which fresh embryo transfer takes place
as well as the increase in freeze-only cycles likely are result-
ing in more embryos in storage and a subsequent increase in
disposition decisions required by patients and clinics. In our
10-year analysis of linked fresh and frozen ART cycles,
more than half of cryopreserved embryos were not subse-
quently transferred, further demonstrating the importance
of counseling patients regarding accumulation of excess em-
bryos after family-building goals are made. A taskforce is
needed to address the issue of excess embryo accumulation.
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