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Abstract
Purpose To evaluate whether adjusting timing of modified natural cycle frozen embryo transfer (mNC-FET) 1 day earlier in the
setting of a spontaneous LH surge has an impact on pregnancy outcomes.
Methods This retrospective cohort study evaluated all mNC-FETwith euploid blastocysts fromMay 1, 2016 toMarch 30, 2019,
at a single academic institution. Standard protocol for mNC-FET included ultrasound monitoring and hCG trigger when the
dominant follicle and endometrial lining were appropriately developed. Patients had serum LH, estradiol, and progesterone
checked on day of trigger. If LH was ≥ 20 mIU/mL, trigger was given that day and FET was performed 6 days after surge
(LH/HCG+6), with the intent of transferring 5 days after ovulation. If LH was < 20 mIU/mL, FET was performed 7 days after
trigger (hCG+7). Primary outcomes included clinical pregnancy and live birth rates. To account for correlation between cycles, a
generalized estimating equation (GEE) method for multivariable logistic regression was used.
Results Four hundred fifty-three mNC-FET cycles met inclusion criteria, of which 205 were in the LH/HCG+6 group and 248 were in
the HCG+7 group. The overall clinical pregnancy rate was 64% and clinical miscarriage rate was 4.8%, with similar rates between the
two groups. The overall live birth rate was 60.9% (61.0% in LH/HCG+6 group and 60.9% inHCG+7 group). After implementingGEE,
the odds of CP (aOR0.97, 95%CI [0.65–1.45], p= 0.88) andLB (aOR0.98, 95%CI [0.67–1.45], p= 0.93)were similar in both groups.
Conclusions In our study cohort, mNC-FET based on LH/HCG+6 versus HCG+7 had similar pregnancy outcomes.
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Introduction

A noticeable trend favoring frozen over fresh embryo transfer
has been observed recently in the USA. There has been an
annual increase with the most recent Society for Assisted

Reproductive Technology (SART) data from 2016 showing
an equal number of fresh compared to frozen embryo transfers
from non-donor eggs [1–3]. Given changes in the current
practice pattern favoring frozen embryo transfer, rates are like-
ly to be significantly higher over the last 4 years.

There are some potential benefits of medicated FET proto-
cols for both IVF programs and patients, such as the ability to
control timing, avoid cancelations due to delayed ovulation or
anovulation, and extend duration of estradiol exposure if en-
dometrial development is suboptimal. However, an mNC-
FET may offer advantages to the patient that justify its use,
such as avoiding the need for estradiol and progesterone ad-
ministration as well as potential benefits to maternal and fetal
health outcomes [4]. The majority of cycles performed in our
center are mNC-FET.

While common sense dictates that the transfer should be
performed at the time of highest endometrial receptivity, there
is no consensus on the optimal timing of mNC-FET [5]. Prior
studies have suggested mixed evidence as to the utility of
timing frozen embryo transfer based on the presence of LH
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surge. In one randomized controlled trial of 124 patients un-
dergoing mNC-FET using day 3 embryos, the authors found
that spontaneous LH surge, defined as > 180% increase in LH
from prior check, was associated with higher pregnancy rates.
In this study, embryo transfer was planned 5 days after spon-
taneous LH surge or 5 days after hCG trigger if no spontane-
ous LH surge occurred; therefore, no adjustments in FET
timing took place [6]. In another prospective, non-
randomized trial of 233 patients undergoing mNC-FET using
day 4 embryos, the authors found that spontaneous LH surge
did not affect pregnancy rates. All patients were triggered after
the dominant follicle reached > 17 mm with an appropriate
endometrium. The presence of LH surge was defined as >
10 IU/l, but again did not alter FET timing. The authors con-
cluded that performing a single LH determination before hCG
administration in ultrasound-monitored mNC-FET provided
no additional clinical value [7]. Of note, these studies included
day 3 and day 4 embryos with no confirmation of euploidy
and in smaller cohorts than our current study. In a more recent
retrospective study of mNC-FET from 2017, the authors
found higher pregnancy rates in cycles that transferred non-
biopsied blastocysts after LH surge but similar pregnancy
rates in 284 cycles that transferred PGT euploid blastocysts
regardless of LH surge [8].

Given the findings suggested in the current literature, more
data is needed to shed light on the impact of adjusting timing
of mNC-FET based on the presence of LH surge, specifically
for euploid blastocysts. Our practice is to adjust the timing of
FET based on LH ≥ 20 mIU/mL. In the current study, we
compare pregnancy outcomes of mNC-FET in women who
had spontaneous LH surge and transferred 6 days later com-
pared to women without detected LH surge on the day of hCG
trigger and transferred 7 days after trigger.

Materials and methods

Patient selection

This retrospective cohort analysis included all patients who
underwent mNC-FET with autologous, vitrified euploid blas-
tocysts at a single academic institution starting from May 1,
2016, when we relocated to a new clinic and laboratory facil-
ity, toMarch 30, 2019. Prior workup included confirmation of
a normal uterine cavity, including hysteroscopy, hysterosal-
pingogram, or saline infusion sonogram. Decision to proceed
with mNC-FET was made based on the patient’s history of
regular menstrual cycles as well as provider and patient pref-
erence. While some programs require the embryo quality to be
a grade of BB or better prior to biopsy, our clinic policy is to
biopsy embryos with a grade of CC or better. IRB approval
was obtained.

mNC-FET protocol

The standard protocol for mNC-FET began with a baseline
ultrasound on cycle day 2–4 (Fig. 1). Ultrasound monitoring
was initiated 3–4 days prior to expected ovulation based on
each patient’s expected cycle length. When the dominant fol-
licle was > 15 mm, serum LH, estradiol, and progesterone
were checked. Ultrasound monitoring and lab testing were
continued daily until the dominant follicle was ≥ 18 mm or
positive LH surge was noted. A positive LH surge was defined
as LH ≥ 20 mIU/mL using the Elecsys Assay (intra-assay
coefficient of variability < 1.8%, inter-assay coefficient of var-
iability < 5.2%). If LH was ≥ 20 mIU/mL, hCG trigger was
given for reinforcement after confirming the LH surge, and
FET was performed 6 days later (LH/hCG+6), with the intent
of transferring a thawed blastocyst 5 days after ovulation. If
LH was < 20 mIU/mL, hCG trigger was given that evening
and FET was performed 7 days later (hCG+7). The trigger
consisted of 250 mcg recombinant hCG (Ovidrel, EMD
Serono). Ideally, patients underwent mNC-FET after achiev-
ing an endometrial thickness of ≥ 7 mm. However, if their
cycle history showed their maximum endometrial thickness
to be lower than this threshold, but a personal best, exceptions
were made for them to proceed. Vaginal progesterone supple-
mentation (Endometrin 100 mg vaginally twice a day or
Crinone 8% gel vaginally daily) was started 3 days after spon-
taneous LH surge or 4 days after hCG trigger. Serum βhCG
was obtained 9 days after embryo transfer, and transvaginal
ultrasound was performed to evaluate for viable intrauterine
pregnancy at 6–7 weeks gestation.

Independent variables

Baseline demographics were collected including age at re-
trieval and at transfer, body mass index (BMI), smoking sta-
tus, ethnicity, race, and parity. Cycle characteristics were also
collected including hormone testing as detailed above and
endometrial thickness.

Outcome measures

Our primary outcomes of interest were clinical pregnancy rate,
defined as the presence of fetal cardiac activity on transvaginal
ultrasound per total number of cycles, and live birth rate, de-
fined as a live infant born after 24 weeks of gestation per total
number of cycles. Our secondary outcomes of interest includ-
ed incidence of positive βhCG, biochemical miscarriage,
pregnancy of unknown location (PUL)/ectopic pregnancy, in-
trauterine pregnancy, and clinical miscarriage. We defined
positive βhCG as a serum βhCG > 5 mIU/mL. We defined
a biochemical miscarriage as a rise and fall in βhCG without
evidence of a clinical pregnancy. We defined pregnancy of
unknown location/ectopic pregnancy as a rising βhCG
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without evidence of intrauterine pregnancy. We defined intra-
uterine pregnancy as the presence of an intrauterine gestation-
al sac on transvaginal ultrasound. We defined clinical miscar-
riage as the loss of a clinical pregnancy prior to 20 weeks
gestational age. We hypothesized that there was no difference
in mNC-FET pregnancy outcomes in women who had spon-
taneous LH surge and transferred 6 days later compared to
women without detected LH surge on the day of hCG trigger
and transferred 7 days after trigger.

Statistical analysis

We calculated descriptive statistics for baseline characteristics
by patient and cycle-varying characteristics by cycle, stratified
by cohort (LH/hCG+6 and hCG+7). Means and standard de-
viations are reported for continuous variables, and frequencies
and percentages are reported for categorical variables. We
compared patient and cycle characteristics between LH/
hCG+6 and hCG+7 using absolute standardized differences
(ASD), a measure of the difference in means or proportions
between two groups expressed in units of standard deviations
[9]. In order to account for correlation between cycles per
patient, we implemented the generalized estimating equation
(GEE) method for multivariable logistic regression to assess
differences in clinical pregnancy and live birth rates between
the two protocols while adjusting for age at transfer, baseline
BMI, parity status at transfer, and baseline smoking status.We
calculated adjusted odds ratios (aORs) and 95% confidence
intervals (CIs) to evaluate the relative odds for clinical preg-
nancies and live births for the hCG+7 group versus the LH/
hCG+6 group. All analyses were conducted with R version
3.6.2 and the library geepack was used for GEE analysis
[10–13].

Results

A total of 386 patients underwent 520 mNC-FETs during the
study period. Of these, 18 cycles in 11 patients were missing
data regarding their LH value on the day of hCG trigger and
were excluded. Forty-nine cycles were also excluded due to
exogenous vaginal estradiol use due to suboptimal lining.
Therefore, 347 patients who underwent 453 mNC-FETs were
included in the final analysis. Of these, 205 (45%) transfers
occurred 6 days after spontaneous LH surge reinforced with
hCG trigger (LH/hCG+6) and 248 (55%) transfers occurred
7 days after hCG trigger alone (hCG+7). Of the 453 cycles,
442 (98%) involved single embryo transfers.

Of the total 347 patients, 177 (51%) were in the LH/hCG+6
group and 170 (49%) were in the hCG+7 group. Of the pa-
tients who underwent more than one cycle, 28 had a sponta-
neous LH surge in some transfer cycles and no spontaneous
LH surge in others, which placed them in the LH/hCG+6
group for some and the hCG+7 group for others. The overall
mean age of the entire cohort at retrieval was 35.9 years, and
the mean age at first transfer was 36.5 years. The mean base-
line BMI was 25.1 kg/m2. The majority of patients were never
smokers (94.8%) and nulliparous (65.4%). Race was the only
baseline demographic that was notably different between the
two groups based on absolute standardized differences
(Table 1).

Endometrial thickness was similar between the two groups.
Estradiol levels were moderately higher in the LH surge
group, and, as expected, LH and progesterone levels were
higher in the spontaneous LH surge group (Table 2).

The overall positive βhCG rate was 72.4% and the intra-
uterine pregnancy rate was 65.8%, with similar rates between
the LH/hCG+6 and hCG+7 groups. The overall clinical

Fig. 1 mNC-FET protocol
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Table 1 Patient demographics

Protocol
Overall LH/

HCG+6
hCG+7 ASD*

n (%) 347 (100%) 177 (51%) 170 (49%)

Age at first transfera 36.5 (3.8) 36.1 (3.8) 36.9 (3.8) 0.187

Age at retrieval 35.9 (3.8) 35.5 (3.7) 36.2 (3.9) 0.187

Number of transfers 1.3 (0.6) 1.3 (0.7) 1.30 (0.6) 0.109

Nulliparous, n (%) 227 (65.4) 131 (74.0) 96 (56.5) 0.375

BMI 25.1 (5.2) 25.2 (5.4 25.0 (5.1) 0.040

Non-smoker, n (%) 329 (94.8) 167 (94.4) 162 (95.3) 0.043

Race, n (%) 0.551

South Asian 88 (25.4) 55 (31.1) 33 (19.4)

East Asian 97 (28.0) 59 (33.3) 38 (22.4)

White 140 (40.3) 49 (27.7) 91 (53.5)

Black or African American 4 (1.2) 3 (1.7) 1 (0.6)

Other 16 (4.6) 10 (5.6) 6 (3.5)

Unknown 2 (0.6) 1 (0.6) 1 (0.6)

Infertility diagnosis, n (%)

Diminished ovarian reserve 79 (22.8) 33 (18.6) 46 (27.1) 0.201

Ovulatory dysfunction 14 (4.0) 9 (5.1) 5 (2.9) 0.109

Recurrent pregnancy loss 47 (13.5) 21 (11.9) 26 (15.3) 0.100

Male factor 87 (25.1) 53 (29.9) 34 (20.0) 0.231

Unexplained 78 (22.5) 40 (22.6) 38 (22.4) 0.006

Endometriosis 17 (4.9) 9 (5.1) 8 (4.7) 0.018

Uterine 11 (3.2) 8 (4.5) 3 (1.8) 0.158

Tubal 16 (4.6) 7 (4.0) 9 (5.3) 0.064

Single gene disorder 20 (5.8) 8 (4.5) 12 (7.1) 0.109

Other 19 (5.5) 6 (3.4) 13 (7.6) 0.187

aMeans and standard deviations reported for continuous variables

*Absolute standardized differences calculated between LH/hCG+6 and hCG+7; this represents the difference in means or proportions between the two
groups divided by the pooled standard deviation 0.2, 0.5, and 0.8 correspond to small, medium, and large differences respectively. Therefore, smaller
standardized differences represent less difference between the two groups

**347 patients who underwent 453 mNC-FET were included in the final analysis. Of these, 149 patients only had LH/hCG+6 cycles, 170 patients only
had hCG+7 cycles, and 28 patients underwent cycles with either LH/hCG+6 or hCG+7 transfers depending on the cycle. Therefore, patients who had
ever experienced an LH/hCG+6 transfer were grouped together for Table 1 descriptive statistics comparisons

Table 2 Cycle characteristics on
day of trigger Protocol

Overall LH/hCG+6 hCG+7 ASD*

n (%) 453 (100%) 205 (45%) 248 (55%)

Endometrial thicknessa (mm) 9.1 (1.5) 9.3 (1.5) 9.0 (1.4) 0.191

LH value (mIU/mL) 26.8 (24.7) 46.5 (25.1) 10.8 (5.1) 1.969

Peak estradiol value 257.9 (96.8) 274.8 (94.2) 244.4 (96.9) 0.317

Progesterone value 0.5 (0.3) 0.7 (0.3) 0.3 (0.2) 1.264

aMeans and standard deviations reported for continuous variables

*Absolute standardized differences calculated between LH/hCG+6 and hCG+7; this represents the difference in
means or proportions between the two groups divided by the pooled standard deviation. 0.2, 0.5, and 0.8
correspond to small, medium, and large differences respectively. Therefore, smaller standardized differences
represent less difference between the two groups
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pregnancy rate was 64% and the overall live birth rate was
60.9%, with similar rates between the two groups. Of all cy-
cles with a positive βhCG outcome, the overall biochemical
miscarriage rate was 7.9% and pregnancy of unknown
location/ectopic pregnancy rate was 1.2%. Of all cycles with
a clinical pregnancy, the miscarriage rate was 4.8%. There
were no significant differences in pregnancy outcomes be-
tween the two groups (Table 3).

After implementing GEE in a multivariable logistic regres-
sion adjusting for age at transfer, BMI at transfer, parity status
at transfer, and baseline smoking status, the LH/hCG+6 group
had a similar odds of clinical pregnancy (aOR 0.97, 95% CI
[0.65–1.45], p value = 0.88) and live birth (aOR 0.98, 95% CI
[0.67–1.45], p = 0.93) compared to the hCG+7 group.

Discussion

Our study aimed to better understand whether timing of mNC-
FET based on a spontaneous LH surge has an impact on preg-
nancy and live birth rates. The point estimates for the ORs are
indicative of no difference between clinical pregnancy and
live birth rates between the two groups. This suggests that in
the presence of a healthy estrogen-producing follicle and lin-
ing, providers can feel equally confident in proceeding with
FET 7 days after hCG trigger in the absence of an LH surge or
6 days after spontaneous LH surge. The confidence intervals
for both outcomesmay warrant further research to confirm our
findings.

Current review of the literature supports that mNC-FET is
non-inferior to medicated FET. Mounce et al. conducted a
pilot randomized controlled trial in 2015 which showed no
statistically significant difference between implantation, preg-
nancy, and live birth rates between the natural and medicated
FET arms [14]. Similarly, no differences were found by

Cerrillo et al. in 2017 and Kalem et al. in 2018 during retro-
spective analyses of natural versus medicated FET protocol
outcomes at their respective institutions [15, 16]. Prior review
on this topic at our clinic, where the majority of FET are
performed in modified natural cycles if patients have regular
menses, also showed no difference between natural and med-
icated FET success rates [17].

Medicated FET protocols afford IVF clinics flexible timing
given that the programming of the cycle with exogenous ad-
ministration of estradiol and progesterone allows for conve-
nient scheduling. Additionally, they provide cost savings to
patients with less frequent ultrasounds and laboratory tests.
The implementation of mNC-FET protocols requires more
frequent ultrasounds and laboratory tests as well as less flex-
ibility with scheduling due to close monitoring of spontaneous
ovulation and lack of control over the day of transfer.
However, avoiding hormone replacement which commonly
includes intramuscular progesterone—reported to improve
pregnancy rates in medicated FET cycles [18]—makes
mNC-FET a more attractive option for patients. In addition,
compared to medicated FET with an absent corpus luteum,
mNC-FET has been recently associated with reduced chance
of hypertensive disorders in pregnancy and maternal cardio-
vascular perturbations [19, 20]. Given these patient-centered
benefits, more research similar to the current study focusing
on clinical predictors in mNC-FET outcomes is needed.

In this study, we defined LH surge as ≥ 20 mIU/mL. For
some patients, this value may represent an early phase of the
surge and a repeat test on the following day could reveal a
significantly higher LH value. Nonetheless, prior literature
suggests a single determination of LH ≥ 20 mIU/mL is an
appropriate representation of LH surge as it relates to the
timing of the transfer. Using LH surge timing on all their
patients in mNC-FET cycles, Bartels et al. found no difference
in pregnancy rates when the transfer was performed 6 days

Table 3 Pregnancy outcomes
Protocol

Overall LH/
hCG+6

hCG+7 ASD*

n (%) 453 (100%) 205 (45%) 248 (55%)

Positive βhCG, n (%) 328 (72.4) 151 (73.7) 177 (71.4) 0.051

Biochemical miscarriage, n (%) 26 (7.9) 13 (8.6) 13 (7.3) 0.047

PUL/ectopic pregnancy, n (%) 4 (1.2) 3 (2.0) 1 (0.6) 0.127

Intrauterine pregnancy (+GS), n (%) 298 (65.8) 135 (65.9) 163 (65.7) 0.003

Clinical pregnancy (+FCA), n (%) 290 (64.0) 131 (63.9) 159 (64.1) 0.004

Clinical miscarriage, n (%) 14 (4.8) 6 (4.6) 8 (5.0) 0.021

Live birth, n (%) 276 (60.9) 125 (61.0) 151 (60.9) 0.002

*Absolute standardized differences calculated between LH/hCG+6 and hCG+7; this represents the difference in
means or proportions between the two groups divided by the pooled standard deviation. 0.2, 0.5, and 0.8
correspond to small, medium, and large differences respectively. Therefore, smaller standardized differences
represent less difference between the two groups
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from the day the LH reached ≥ 20 mIU/mL irrespective of the
LH behavior on the following day [21].

Additionally, an increased portion of Asian patients com-
prised the LH/hCG+6 group and an increased portion of
White patients comprised the hCG+7 group. Separate univar-
iate analysis confirmed that race did not correlate with a dif-
ference in clinical pregnancy or live birth rates, thereby limit-
ing its potential as a confounder. Race was not incorporated
into the regression model for this reason.

The main strength of our study stems from the frequent use
of mNC-FET in our program, which enabled a large sample
size of 453 cycles. Additionally, as mentioned above, in con-
trast to some prior studies exploring the role of LH surge in
NC-FET, all embryos transferred were euploid blastocysts,
which reflects a common current practice model.

hCG has been reported to have luteal phase support bene-
fits [22]. For this reason, an hCG trigger was uniformly ad-
ministered to all patients regardless of LH surge status. In line
with this rationale, a recent retrospective study by Reichman
et al. reported a 12% increase in ongoing pregnancy rates for
patients who received a booster hCG trigger within 1 day of
LH surge in mNC-FET of euploid blastocysts [23].

Regarding choice of vaginal progesterone supplementa-
tion, Endometrin versus Crinone was decided primarily based
on the insurance coverage of each patient. Prior studies in the
literature showed no difference in pregnancy success rates
between either form of vaginal preparation, including a
meta-analysis in fresh embryo transfers and a randomized
controlled trial in programmed frozen-thawed embryo trans-
fers [24, 25]. Therefore, since it is not an issue in situations
where luteal support is indicated, then it is less likely to be an
issue in natural cycles with an intact corpus luteum and where
progesterone supplementation is being added as a precaution
in the event of an undiagnosed luteal phase defect.

There are certain limitations associated with our study. The
mean age of patients was 36 years; however, the fact that this
study included only euploid blastocysts mitigates this effect of
relatively advanced maternal age. In addition, the majority of pa-
tients in this retrospective study were of Asian and Caucasian
descent, which may limit generalizability to other ethnic groups.

Given the patient-centered benefits of limited exogenous
hormone replacement and potential reduced risk of pre-
eclampsia, mNC-FET remains an important and safe treat-
ment option when feasible from an operational standpoint.
Ultimately, our study supports that pregnancy and live birth
rates do not appear to be affected when timing of mNC-FET is
adjusted to LH/hCG+6 versus hCG+7 based on the presence
of a spontaneous LH surge.
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