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Abstract

Background: Timing of frozen embryo transfer (FET) within a purported window of implantation is of increasing in-
terest, and there is a paucity of evidence surrounding the transfer of frozen embryos early within these frozen embryo
transfer protocols. This study aimed to evaluate whether live birth rates were equivalent after FET of blastocysts 4 days
after luteinizing hormone (LH) surge in a true natural cycle protocol, compared to a hormone replacement (HR) protocol.

Materials and Methods: Single-centre, retrospective cohort study involving patients undergoing autologous frozen
blastocyst transfer from January 1%, 2013, to December 31%, 2016. Cycles were grouped according to their protocol:
true natural cycle (hormonal detection of LH surge with FET scheduled four days later) versus HR cycle (luteal
phase gonadotropin-releasing hormone agonist suppression, oral or vaginal estradiol and intramuscular progesterone
starting five days before FET). A total of 850 cycles were included, 501 true natural cycles and 349 HR cycles. The
primary outcome was the live birth rate, secondary outcomes included clinical pregnancy rate and miscarriage. Log-
binomial regression models were performed adjusting for a priori selected variables.

Results: Adjusted resulted in live birth rates of 38.7 and 40.4%, [adjusted risk ratio (aRR): 0.96, 95% confidence in-
terval (CI): 0.76-1.22, P=0.729] in the natural cycle and HR groups, respectively. The secondary outcome analyses did
not demonstrate any statistically significant difference in the rate of positive human chorionic gonadotropin (hCG),
clinical intrauterine pregnancy rate, or miscarriage rate.

Conclusion: The timing of the FET four days after LH surge in a true natural cycle protocol results in equivalent live
birth rates compared to a HR protocol. Results of this study suggest that the window of implantation within the natural
cycle may be less finite than currently believed and further prospective studies evaluating the timing of frozen embryo
transfer are warranted.
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Introduction

Overall rates of frozen embryo transfer (FET) have
increased over time, likely as a result of more effi-
cient cryopreservation strategies, increased number of
good quality embryos following elective single embryo
transfer policies, and elective freeze-all protocols (1).
Many publications, including a recent meta-analysis,
have reported that FET pregnancy rates may be superi-

or to fresh, however, two recent large randomized con-
trol trials produced conflicting results and this remains
to be elucidated (1-4). Several protocols exist for FET
and it is not possible to identify one method as superior
to another (5).

The two most employed protocols include the natural
cycle (NC) and hormone replacement (HR) approach-
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es. In the NC approach, the FET is timed to ovulation
in the patients’ own cycle, often divided into ‘true NC’,
where ovulation is allowed to occur spontaneously, or
‘modified NC* (mNC) where ovulation is triggered
with human chorionic gonadotropin (hCG) administra-
tion. In the HR approach, the patient is administered
exogenous hormones and the FET is timed to the dura-
tion of exogenous progesterone. Typical HR protocols
use progesterone supplementation for the equivalent
number of days before transfer as the stage of develop-
ment of the embryo is transferred (ie. 5 days for a day 5
blastocyst) (6). Pregnancy rates are lower, and the risk
of early pregnancy loss is higher when transfer and im-
plantation occur after greater than 6 days of progester-
one administration for a day 5 blastocyst transfer (7-9).
Conversely, there is a paucity of evidence evaluating
the shorter duration of progesterone exposure. Given
the relative importance of the outcomes associated
with differing durations of progesterone exposure, it is
of critical importance that this factor should be taken
into consideration (10, 11).

We present a retrospective cohort analysis of an NC
protocol with FET 4 days after luteinizing hormone
(LH) surge and an HR protocol with transfer on the
5% day of progesterone administration from a single
centre. Our study aimed to evaluate if live birth rates
are equivalent between these two protocols. We will
comment on the comparability of pregnancy and live
birth rates to those reported after more standard FET
protocols, given the paucity of evidence surrounding
the early transfer.

Materials and Methods
Study population

Patients who started a frozen embryo transfer cycle
between January 1%, 2013, and December 31%, 2016,
at the Ottawa Fertility Centre in Ottawa, Ontario, Can-
ada, were eligible for inclusion. The average age of
patients at the time of FET was 34.7 years and the av-
erage body mass index (BMI) of patients included in
this study was 24.4. Patients were identified through
an in-house medical record system, and clinic linkage
to the Canadian Assisted Reproductive Technologies
Register (CARTR Plus) provided birth outcome data,
which has been previously validated (12). The study
protocol was reviewed by the Ottawa Health Science
Network Research Ethics Board (OHSN-REB) and
deemed exempt from OHSN-REB review as a quality
improvement initiative. Data was housed on a local
secure server and analysis was available only to study
authors.

Patients were included in the analysis if they under-
went FET with blastocysts cryopreserved by vitrifica-
tion, created from their oocytes with either partner or
donor sperm, whether embryos cryopreserved were sur-
plus after fresh embryo transfer or were cryopreserved
in a freeze-all cycle. Patients were excluded if donor
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oocytes or a gestational carrier were utilized. Vitrifica-
tion of blastocysts occurred on day 5 unless the cycle
included pre-implantation genetic testing at which point
blastocysts were vitrified on days 5 and 6. The vitrifi-
cation-warming method was carried out using RapidVit
and RapidWarm Blast kits (Vitrolife) and the Rapid-i
vitrification system (Vitrolife) in accordance with the
manufacturer’s instructions (13).

Blastocysts were graded based on Gardner’s scoring
system (14). At our clinic, only good and best qual-
ity blastocysts (B1-3 and greater) were selected for
cryopreservation, unless exceptional circumstances
prevailed. During the duration of the study period, ap-
proximately 35% of in vitro fertilization (IVF) cycles
performed at our clinic had resultant embryos to freeze
(whether as surplus after a fresh embryo transfer or in
a ‘freeze-all’ protocol to avoid ovarian hyperstimula-
tion syndrome or in the case of PGT). The number of
embryos transferred in the cycle was at the discretion
of the physician in discussion with the patient and was
pre-determined at a follow-up appointment before the
FET cycle. The decision to transfer 1 vs. 2 embryos was
made with the patient by considering the patient’s age,
the number of prior embryo transfers, and patient factors
posing an additional risk in pregnancy given multiple
gestations, with a tendency at our clinic toward elective
single embryo transfer.

Natural cycle frozen embryo transfer protocol

The “true NC” approach was employed at our centre
throughout this study period, whereby ovulation occurs
spontaneously and was not triggered with exogenous
hormones. Women were considered candidates for NC
protocol if they had regular menstrual cycles, ranging
in length between 27-32 days, a mid-luteal phase serum
progesterone >30 nmol/L typically measured 6-8 days
post urinary LH surge, and there was no luteal phase
concern (ie. luteal phase spotting, or evidence of a short
luteal phase). A patient’s age and BMI were not con-
sidered as inclusion or exclusion criteria. The protocol
involved daily serial morning bloodwork sampling for
estradiol and LH, typically started 3-4 days prior to the
expected LH surge, until the LH surge was observed.
The LH surge was defined as the attainment of a serum
LH >30 IU/L with a dropping estradiol, or the highest-
level LH >30 IU/L given that a dropping serum estradiol
was not a strict criterion. The day on which this was ob-
served was considered day 0 of the cycle, as is standard
within the FET literature (15).

Once a surge was identified, a pelvic ultrasound was
performed to obtain a measurement of endometrial
thickness. After a documented LH surge and endome-
trial thickness >7 mm, embryo transfer was scheduled
on day 4. Exogenous progesterone was not administered
for luteal phase support. If a patient did not meet these
criteria, the cycle was cancelled, and the patient was
scheduled for a follow-up with their physician to discuss
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either another attempt at the NC protocol or switching to
an HR protocol.

Hormone replacement frozen embryo transfer protocol

Patients were selected for HR FET if they did not meet
the criteria for NC as outlined above, or if they elect-
ed to proceed with this approach for other reasons (ie.
ease of scheduling and fewer visits for bloodwork and
ultrasound). Gonadotropin-releasing hormone (GnRH)
agonist pre-treatment was employed as a standard of
care throughout this study period (Abbvie, Lupron de-
pot, leuprolide acetate 3.75 mg intramuscular), which
was administered prior to the onset of menses. Estrogen
priming with an escalating oral or vaginal micronized
estradiol (Acerus Pharmaceuticals Corportation, Es-
trace, 17B-estradiol tablets) administration was started
between menstrual cycle days 3-5. Transvaginal estro-
gen administration proceeded as follows: 0.5 mg twice
daily for 6-10 days, Img twice daily for 5-8 days, and
2mg three times daily for 5 days for a total of 16-23
days of estrogen prior to the ultrasound evaluation of
endometrial thickness and serum estradiol and proges-
terone assessment. If patients met the requirements of
the endometrial lining of >7 mm, serum estradiol >650
pmol/L, and progesterone <5 nmol/L, they were advised
to start progesterone in oil IM 50 mg daily. The embryo
transfer was scheduled for four days after the proges-
terone was begun. In cases of inadequate endometrial
thickness or serum estrogen, ongoing estrogen supple-
mentation, typically for an additional week at the same
or higher doses, was employed. Endometrial thickness
and serum estradiol were re-checked after additional es-
trogen and if adequate, progesterone was commenced,
and FET scheduled. If inadequate, the cycle was either
cancelled, or the patient could elect to proceed with pro-
gesterone and scheduling of FET after a discussion with
the physician.

Embryo transfers were typically done between the hours
of 10h00 — 13h00. The total number of hours of progester-
one exposure with this protocol was 85-92. Estrogen and
progesterone supplementation were then continued until
either a negative serum pregnancy test or until 10 weeks’
gestational age.

Outcome assessment

The primary outcome was live birth after FET. A
live birth was defined as an infant born showing any
signs of life, or at least > 20 weeks’ gestational age,
or weighing 500 grams. Secondary outcomes included
rate of positive serum hCG, clinical intrauterine preg-
nancy, miscarriage, ectopic and stillbirth pregnancy.
Serum hCG was measured approximately 14 days after
ET, and measurements > 5 [U/L were considered posi-
tive. Clinical intrauterine pregnancy was defined as the
presence of a gestational sac and yolk sac on transvagi-
nal ultrasound. Miscarriage was defined as a birth out-
come where a clinical pregnancy was diagnosed but no
fetus development could be seen at <20 weeks’ gesta-
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tion. Stillbirth was defined as a pregnancy loss at > 20
weeks’ gestation.

Statistical analysis

Patient and cycle characteristics were described using
frequencies and proportions for categorical variables
and statistical comparisons were done with Fisher Exact
test for non-parametric data and Chi-square for paramet-
ric data. We described normal continuous variables us-
ing means and standard deviations and compared groups
using a two-sided t test. Overall live birth, positive hCG,
clinical intrauterine pregnancy, miscarriage, ectopic and
stillbirth pregnancy rates were compared between the
two groups. We fit a multivariable log-binomial regres-
sion model with a priori variables for the primary and
secondary outcomes, adjusting for patient age at oocyte
retrieval, body mass index, polycystic ovarian syndrome
(PCOS) or other ovulatory disorder as an indication for
treatment, and the number of blastocysts transferred.
Adjusted risk ratios with 95% confidence intervals were
performed.

To detect a difference of 10% in the live birth rate be-
tween the two groups from a baseline of 35%, a sample
size of 329 was required per group, with a power of 80%
and an alpha of 0.05. A P<0.05 was considered statistical-
ly significant. Statistical analyses were performed using
SAS statistical software version 9.4 (SAS Institute Inc.,
Cary, NC).

Results

There were 850 frozen embryo transfer cycles from
614 patients between January 1%, 2013, and December
31%, 2016 meeting the inclusion criteria for this study.
Demographic characteristics are presented in Table 1. Of
the included cycles, 501 were from 354 patients within the
NC group and 349 were from 267 patients within the HR
group (there was a small amount of crossover between
the two groups). The difference in the number of patients
with more than 1 cycle included within each group was
not statistically significant. There was a greater average
BMI (P=0.023) and a higher percentage of patients with a
diagnosis of the PCOS in the HR group [risk ratio (RR):
1.32, 95% confidence interval (CI): 1.24-1.41, P<0.001].
There were also more patients with a diagnosis of tubal
factor (RR: 1.39, 95% CI: 1.01-1.92, P=0.048) and
endometriosis (RR: 1.68, 95% CI: 1.02-2.79, P=0.018)
within the NC group. The groups did not differ with
respect to the number of prior embryo transfers.

Adjusted risk ratios for the primary outcome of live birth
and the secondary outcomes are presented in Table 2. We
found no significant difference between the NC and HR
groups for the primary outcome or any of the secondary
outcomes.

We performed a post-hoc sensitivity analysis stratifying
each group by age. We found no statistically significant
difference in the primary outcome of live birth rate
between the two groups (P=0.729, Table 3).



Table 1: Baseline characteristics for the NC group versus the HR group

Demographic NC group HR group  Pvalue
(n=501) (n=349)
Age at FET (Y) 349+3.7 344439 0.051
Age at oocyte retrieval (Y) 33.9+3.7 33.5+39 0.096
Body mass index (kg/m?)  24.1+4.1 248+44 0.023
Prior pregnancies 0.048
0 198 (39.5) 114 (32.7)
1 189 (37.7) 127 (36.4)
>2 114 (22.8) 108 (30.9)
Prior births 0.123
0 314 (62.7) 233 (66.8)
1 165 (32.9) 96 (27.5)
>2 22 (4.4) 20(5.7)
Indication for treatment
Unexplained infertility 40 (8.6) 25(7.6) 0.590

Male factor 349 (75.4) 234 (70.9) 0.160

Tubal factor 91 (19.7) 47 (14.2) 0.048

Endometriosis 47(10.2) 18 (5.5) 0.018

PCOS/Other ovulatory 6 (1.2) 102 (29.2) <0.001
disorder

Other 12 (2.6) 7(2.1) 0.669

Missing 38(7.6) 19 (5.4) 0.220
Number of prior fresh cy- 0.849
cles of IVF

1 355(70.9) 241 (69.0)

2 88 (17.6) 61 (17.5)

>3 58 (11.5) 47 (13.5)
Number of prior ETs 0.059

0 70 (14.0) 69 (19.8)

1 213 (42.5) 141 (40.4)

>2 218 (43.5) 139 (39.8)

The number patients with- 107 (21.4)
in the group with more
than 1 FET cycle included

63(18.1)  0.067

Use of PGT-A 7(1.4) 5(1.4) 1.000
Number of embryos trans-
ferred
1 420 (83.8) 284 (81.4)  0.597
2 79 (15.8) 64 (18.3)
3 2(0.4) 1(0.3)

Number of embryos trans- 1.2 (0.4)
ferred (continuous out-
come)

12(0.4) 0.389

Endometrial thickness 9.6 (2.0) 9.5(2.1) 0.433

Continuous data are presented as mean * standard deviation (SD), and categorical data
are presented as number (%). NC; Natural cycle, HR; Hormone replacement, FET; Frozen
embryo transfer, PCOS; Polycystic ovarian syndrome, IVF; In vitro fertilization, and
PGT-A; Preimplantation genetic testing for aneuploidy.

Ninety-nine patients were age 40 or over at the time
of embryo transfer (in contrast to at the time of egg
retrieval). Within this group, 60 (60.6%) and 39 (39.4%)
utilized the NC and HR protocols, respectively (P=0.698).
Seventeen of 60 (28.3%) patients within the NC protocol
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group achieved a live birth, and 8 of 39 (20.5%) patients
within the HR protocol group achieved a live birth, which
was not statistically significant (P=0.382).

Table 2: Pregnancy outcomes for NC versus HR group

Outcome NCgroup HRgroup aRR P value
(m=501) (n=349) [95% CI]

Live birth 194/501 141/349  0.96 0.729
(38.7) (40.4) [0.76-1.22]

Positive hCG 273/501 205/349 1.05 0.617
(54.5) (58.7) [0.86-1.29]

Clinical intrauter- ~ 236/501  174/349  0.98 0.781

ine pregnancy 47.1) (49.9) [0.82-1.16]

Miscarriage 39/236 33/174 0.95 0.876
(16.5) (19.0) [0.51-1.77]

Ectopic pregnancy 5/273 7/205 0.85 0.813
(1.8) (3.4) [0.21-3.39]

Stillbirth (>20 3/236 0/174 --- ---

weeks) (1.3) (0)

Values are numbers (%). All analyses were performed using log-binomial regression
adjusted for age at the time of retrieval, body mass index, diagnosis of PCOS or other
ovulatory disorder, and the number of embryos transferred. NC; Natural cycle, HR;
Hormone replacement, PCOS; Polycystic ovarian syndrome, aRR; Adjusted risk ratio, Cl;
Confidence interval, and hCG; Human chorionic gonadotropin.

Table 3: Live birth outcomes for NC versus HR group, according to patient
age at the time of oocyte retrieval

Agegroup (Y) NCgroup HRgroup aRR P value
(m=501) (n=349) (95% CI)

<35 (n=494) 118/284 99/210 0.83 0.122
(41.6) (47.1) [0.66-1.05]

35-37 (n=208)  49/127 26/81 1.12 0.629
(38.6) (32.1) [0.70-1.80]

38-39 (n=90) 20/57 13/33 0.98 0.967
(35.1) (39.4) [0.46-2.09]

>40 (n=58) 7/33 3/25 - -
(21.2) (12.0)

Values are numbers (%). All analyses were performed using log-binomial regression
adjusted for age at the time of retrieval, body mass index, diagnosis of PCOS or other
ovulatory disorder, and the number of embryos transferred. NC; Natural cycle, HR;
Hormone replacement, aRR; Adjusted risk ratio, and Cl; Confidence interval.

Discussion

Patients who underwent a true natural cycle FET with
transfer four days after LH surge did not have lower
live birth rates compared to patients who underwent a
hormone replacement FET with transfer on the 5" day
of progesterone administration. This study demonstrates
similar live birth outcomes when embryo transfer occurs
relatively early within a true NC protocol, compared to
the literature recommendation of transfer timing within
this protocol (15). Results of this study suggest that it
is likely that the purported ‘window of implantation’
may therefore include timing with a shorter duration of
progesterone exposure.

The control group in this study was a HR protocol
employing FET on the 5th day of progesterone
administration. Standard HR embryo transfer protocols
recommend transfer after progesterone exposure
equivalent to the development of the embryo (6 days
when considering a blastocyst) or less 1 day, as evidence
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suggests these are equivalent (7, 8). The utilization of
this HR protocol is additionally supported by the fact that
pregnancy and live birth rates are similar to recent reports
of FET on the 6™ day of progesterone (16-18). There
is a possibility that a shorter duration of progesterone
exposure may be associated with an increased risk of
miscarriage (19), however, within this study, we observed
a low risk of miscarriage which did not differ between the
two protocols.

We observed a slightly higher average BMI and
a greater percentage of patients with a diagnosis of
ovulatory disorder (PCOS) within the HR group, which
was expected given that irregular menstrual cycles
are an indication of a medicated FET cycle. While the
higher average BMI in the HR group was statistically
significant, this difference of 0.7 between the two groups
may arguably not be clinically relevant. We do know that
differences in BMI are linked to pregnancy outcomes, and
BMI was taken into account as a confounder during the
log-binomial regression analysis. Patients in the NC group
were more likely to have a diagnosis of tubal factor or
endometriosis, which was also expected given that these
are anatomical factors that do not impact cycle regularity.
We do not feel that these differences would have had a
clinically important impact on the study outcomes.

The results of this study are highly generalizable
given the limited exclusion criteria, representation of
patients from all infertility diagnoses, and comparable
proportions of natural cycles and HR protocols utilized.
Additional strengths of this study include the large sample
size, adjustment for important confounders including
age, BMI, endometrial thickness, and the inclusion of a
relatively large number of women over the age of 40 at
the time of embryo transfer.

Our data suggest that a true NC may be a reasonable
approach among women over the age of 40. This contrasts
studies demonstrating a lower chance of live birth among
patients greater than 40 years of age undergoing natural
cycle FET compared to hormone replacement FET, and
recent recommendations for a modified natural protocol
(using hCG to trigger ovulation) in women over the age
of 40 (16, 20). We need to interpret these last results
with caution, as this was a secondary analysis of a much
smaller sample size.

The main limitation of this study is its retrospective
nature, the inherent selection bias, and confounding not
addressed by statistical analysis. Additionally, it would be
ideal to compare early transfer within a natural cycle FET
protocol to more ‘standard’ transfer timing within the
NC protocol for optimal evaluation of the early timing,
however as this is not our standard practice this control
group was not available. Finally, the outcomes of both
groups in this study may represent a ‘better prognosis’
patient population given that only good and best quality
embryos, based on the Gardner scoring criteria, are
selected for freezing at our institution. However, this
study does add to the literature given the substantial
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paucity of outcomes surrounding any transfer early within
the purported window of implantation.

As a result of evidence indicating possible increased
pregnancy rates and decreased maternal and neonatal
morbidity among pregnancies conceived through FET
relative to fresh transfer, it is likely we will continue
to see an increase in frozen embryo transfer cycles (1,
21, 22). The NC approach is purported to have several
benefits as it involves less (or no) medication, lower cost,
and less discomfort for the patient (15, 23). Additionally,
emerging evidence suggests that NC transfers, related
to the presence of the corpus luteum, are associated
with lower rates of pregnancy complications including
hypertensive  disorders of pregnancy, postpartum
hemorrhage, macrosomia, and post-term birth (24, 25).
Given that the optimal protocol within the NC has yet to
be elucidated, further research in this area is required.

Conclusion

Timing of the FET four days after LH surge in a true NC
protocol results in equivalent live birth rates compared
to a HR protocol. The results of this study suggest that
the window of implantation for frozen embryo transfer
within the NC may be less finite than currently believed.
When considering the probable future increase in the
use of natural cycle FET protocols to optimize patient
experience and pregnancy outcomes, these results fuel
further important queries, specifically the need for
prospective studies surrounding transfer timing within the
NC protocol.
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