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Abstract
Purpose To determine whether luteal support with intramuscular injection of human chorionic gonadotropin 1 day post-LH surge
in natural cycle frozen embryo transfer (nFETs) increases ongoing pregnancy rates (OPR).
Methods Retrospective cohort study of women who underwent natural cycle FETwith transfer of a single day-5 or − 6 euploid
blastocyst between January 2017 and December 2018 at an academic medical center were divided into two groups based on
whether they received hCG 1 day post-LH surge. Patients with uterine factor infertility were excluded.
Results A total of 529 nFET cycles were included. The OPR was significantly higher in the treatment group than in the non-
treatment group when controlling for potential confounders such as embryo morphology (69.9% versus 57.4%, p = 0.0119,
aOR1.724, 95% CI 1.13–2.65). There were no significant differences observed in the rates of first trimester loss (aOR 1.05, 95%
CI 0.032–2.96) or biochemical pregnancy (aOR 0.79, 95% CI 0.31–1.76). Odds ratios were adjusted for patient’s age, body mass
index, peak endometrial thickness, gravidity, and parity.
Conclusion The current data suggest that the hCG booster given to patients within 1 day post-LH surge results in improved cycle
outcomes compared to patients who do not receive the booster.
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Introduction

With the advent of improved embryo culture techniques and
the reemergence of preimplantation genetic testing as a fre-
quent adjunctive modality in in vitro fertilization, frozen em-
bryo transfer cycles have become increasingly common in
assisted reproductive technology. Depending on whether pa-
tients are ovulatory and on the preferences of the treating
physician, patients may undergo programmed replacement
cycles in which exogenous estrogen and progesterone orches-
trate implantation, or rather undergo natural frozen embryo
transfer (nFET) with reliance upon endogenous hormones.
nFET has been shown to have similar success rates to pro-
grammed FET, while allowing the patient to avoid the risks
and inconvenience of intramuscular progesterone injections

during the first trimester [1]. The success of nFET is predicat-
ed on normal endogenous hormonal production, which can be
buttressed with various forms of luteal phase support, includ-
ing estrogen, progesterone, and human chorionic gonadotro-
pin (hCG).

A pure nFET cycle does not involve the addition of any
exogenous hormones. It has long been the practice in our
clinic to supplement nFETwith vaginal progesterone suppos-
itories starting the evening after embryo transfer. Less well
studied, however, is the practice of administering a single
hCG bolus after the endogenous luteinizing hormone (LH)
surge. This approach has the added benefit of augmenting
production of not only progesterone but also estrogen from
the corpus luteum [2]. One of the authors of this study has
been using multiple 1500-IU hCG doses as an adjunct to the
natural cycle luteal phase—on days 18 and 21—with an im-
provement in luteal phase progesterone levels and excellent
outcomes (Zev Rosenwaks, personal communication).
Increasingly over the last 18 months, we have anecdotally
recognized a potential benefit of such an injection in conjunc-
tion with vaginal progesterone administration initiated after
transfer, and in this study have sought to more formally
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decipher whether this regimen offers a significant clinical ben-
efit to our patients undergoing nFETas compared to the use of
vaginal progesterone alone.

Materials and methods

Cycle selection

The Weill Cornell Medicine institutional review board ap-
proved this study. All nFET cycles in which a single euploid
embryo, confirmed via preimplantation genetic testing for an-
euploidy (PGT-A), was transferred from January 2017
through December 2018 were reviewed for potential inclu-
sion. Only cycles after 2016 were included as this is when
the center’s PGT-A platform was updated to next-generation
sequencing (NGS) from the previous microarray platform.
Only the first FET cycle for each patient was included to
eliminate repeated measures bias. Patients with a history of
uterine factor infertility or known tubal disease without surgi-
cal correction were excluded from the study. Endometrial pa-
thology was ruled out within 12 months of FET via saline
sonogram or hysteroscopy.

Clinical protocols

Controlled ovarian hyperstimulation, oocyte maturation trig-
ger, oocyte retrieval, embryo culture, and embryo transfer
were conducted per our routine protocols [3]. Patients were
stimulated with gonadotropins (Menopur [Ferring]; Gonal-F
[EMD-Serono]; and/or Follistim [Merck]) followed by pitui-
tary suppression with GnRH-antagonist (Cetrotide 0.25 mg
[EMD-Soreno] or Ganirelix Acetate 0.25 mg [Organon]).
Less commonly, patients were down-regulated with GnRH-
agonists (Lupron [Abbott Pharmaceuticals]) followed by stim-
ulation with gonadotropins. Pretreatment with E2 patches
(Climara 0.1 mg, Bayer HealthCare) or birth control pills
(Ortho-Novum, Janssen Pharmaceuticals) were used in some
cases before initiating gonadotropin therapy.

hCG (Pregnyl [Schering-Plow]; Novarel [Ferring
Pharmaceuticals]; or Profasi [EMD-Sereno]) was used to trig-
ger follicular maturation when, in general, two follicles
attained > 17 mm. Patients on antagonist protocols deemed
to be at high risk of developing OHSS were triggered with
either 4 mg leuprolide acetate or a combination of 4 mg of
leuprolide acetate and 1500 IU hCG. Oocyte retrieval was
performed under sedation 35–37 h following trigger. As
PGT-Awas to be performed, intracytoplasmic sperm injection
was employed in all cycles. Embryos were biopsied on day 5
or day 6, and only euploid embryos confirmed via PGT-A
were transferred. The best morphologically graded euploid
embryo available was selected for transfer. Embryo transfer
was performed by the physician assigned to perform such

procedures for the entire practice on that day as per a rotating
schedule; this may or may not have been a patient’s primary
physician.

Only patients undergoing nFETwere included in this study.
Transvaginal ultrasonography was performed to assess follicle
development and endometrial thickness in the mid-follicular
phase. Serum estradiol and LH levels were measured starting
3–4 days prior to suspected ovulation date and continued until
the LH surge was detected. The LH surge was defined by an
LH level > 17 IU/L during the follicular phase with a subse-
quent dropping estradiol level thereafter. Patients were divided
into two groups depending on whether they received injection
of hCG. hCG use was determined by individual physician
preference, rather than by a set protocol. Group A received
one bolus dose of hCG (typical dose 3300 IU) 1 day after
identification of the LH surge (dose range: 2500 IU n = 8;
3300 IU n = 105; 5000 IU n = 26; 10,000 IU n = 7). In general,
patients with a higher BMI were administered higher doses of
hCG. Group B received no hCG. Both groups started vaginal
progesterone supplementation the evening after embryo trans-
fer. Serum E2, P4, and hCG levels were drawn 10 days post-
FET. If positive, a repeat hCG level was drawn 48 h later and
pelvic ultrasound was performed at 5.5 weeks to confirm in-
trauterine pregnancy. Follow-up ultrasounds were done to as-
sess fetal viability. Patients were referred out for antenatal care
at 8–10 weeks’ gestation.

Laboratory procedures and blastocyst grading

Embryos were cultured individually in microwells of an
EmbryoScope (Vitrolife, Sweden) with an integrated time-
lapse system. Blastocysts were graded according to three of
the following morphological parameters: inner cell mass
(ICM), trophectoderm, and degree of expansion with hatching
stage according to the Gardner criteria [4]. ICM morphology
was graded into three categories: A – tightly packed cells; B –
loosely packed cells; C – cells are not identifiable.
Trophectoderm morphology was divided into three groups:
A – many cells forming a cohesive epithelial layer; B – cells
of uneven size; C – few large cells squeezed to the side. The
degree of expansion and hatching stage were the following: 1
– the blastocoel constitutes less than 50% of the nonexpanded
embryo; 2—the blastocoel fills more than 50% of the embryo
3—the blastocoel nearly fills the whole blastocyst; 4 – a very
thin zona pellucida surrounding an expanded blastocyst; 5—
the blastocyst is hatching; 6—the blastocyst has completely
hatched out of the zona pellucida. In order to adjust for blas-
tocyst grading, blastocysts were divided into four groups ac-
cording to their morphological grading before cryopreserva-
tion: excellent (≥ 3AA), good (3-6AB, 3-6BA, 1-2AA), aver-
age (3-6BB, 3–6 AC, 3-6CA, 1-2AB, 1-2BA), and poor (1–
6 BC, 1-6CB, 1-6CC, 1-2BB) [5, 6]. Vitrification was
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performed on day 5 or day 6 based on the development of each
embryo.

Outcome variables assessed

The primary outcome of this study was ongoing pregnancy
rate. Secondary outcomes included positive pregnancy test
and first trimester miscarriage. Ongoing pregnancy rate was
defined as the proportion of transfers resulting in clinical in-
trauterine pregnancies at 10–12weeks’ gestation (as identified
by a transvaginal ultrasound). First trimester loss rate was
defined as the proportion of clinical pregnancies resulting in
first trimester losses. The biochemical rate was defined as the
proportion of transfers resulting in a transient elevation in the
serum b-hCG level without sonographic evidence of a gesta-
tional sac. Data on ectopic pregnancy incidence was included.
The following demographic characteristics were extracted
from the medical record: age at transfer, gravidity, parity, body
mass index (BMI), blastocyst grading, and peak endometrial
thickness.

Statistical analysis

All data analyses were conducted with R-Studio statistical
software. Continuous variables were expressed as mean ±
standard deviation and were tested for normality; Student’s t
test was used for parametric data. Categorical variables were
compared by Chi-square and Fisher’s exact tests. Odds ratios
(OR) with 95% confidence intervals (CI) were calculated and
adjusted for patient age at time of transfer, embryo quality as
assessed by blastocyst grade, BMI, gravidity, parity, and peak
endometrial thickness. P < 0.05 was considered statistically
significant.

Results

Baseline characteristics

A total of 1555 natural cycle FETs were performed at the
Ronald O. Perelman and Claudia Cohen Center for
Reproductive Medicine during the study period of January
2017 through December 2018. Of these, 822 cycles were ex-
cluded for not having PGT-A prior to transfer, 44 PGT-A
cycles for transferring more than 1 embryo, 9 cycles for uter-
ine factor infertility, and 151 cycles for repeated measures
bias.

Of the 529 FETs included, 146 received the hCG booster
(Group A) and 383 did not (Group B) (Table 1). The demo-
graphic characteristics of patients in Group A and Group B are
summarized in Table 1. There were no statistically significant
differences in age at transfer, BMI or distribution of embryo
quality across groups. Primary infertility diagnoses were

similar between groups. Patients without hCG treatment had
statistically higher (but not clinically meaningful) gravidity
and parity as well as thicker peak endometrial thickness.

Group A versus group B

The ongoing pregnancy rate was significantly higher in the
hCG treatment group (69.9%) versus the control group
(57.4%) (p = 0.0119), with a calculated odds ratio of 1.717
(95% CI 1.149–2.600). When adjusting for patient’s age at
transfer, embryo quality, BMI, peak endometrial thickness,
gravidity, and parity, the ongoing pregnancy rate was signifi-
cantly higher in patients receiving hCG (aOR 1.724, 95% CI
1.13–2.65) (Table 2). The rates of ongoing pregnancy were
87.5%, 66.7%, 76.9% and 71.4% in patients receiving dos-
ages of 2500 IU, 3300 IU, 5000 IU and 10,000 IU, respec-
tively. A chi-square test of independence found that the rela-
tion between hCG dosage and ongoing pregnancy rate was not
significant, X2 (1, n = 145) =2.315, p = .5096.

The multivariate logistic regression revealed that, in addi-
tion to hCG use, embryo quality was significantly associated
with outcome. Stratifying for transferred embryo quality, the
use of hCG led to higher ongoing pregnancy rates in all em-
bryo grade categories: excellent- (84% vs 61%), good- (73%
vs 67%), average- (72% vs 57%), and poor-quality embryos
(58% vs 52%). However, only the average-quality group
reached statistical significance (p = 0.036, aOR 2.03, CI
1.11–3.84), likely due to the small sample size of the remain-
ing groups.

The rate of first trimester loss in the treatment group (3.4%)
versus the control group (3.7%) was not statistically signifi-
cant (p = 0.90, OR 0.93, CI 0.23–2.49). When adjusting for
the factors above, the differences remained insignificant (aOR
1.05, 95%CI 0.032–2.96). Similarly, the rate of initial positive
pregnancy test was not different between the treatment (5.5%)
and control groups (7.3%) (p = 0.58, OR 0.73, CI 0.31–1.58),
as well as when adjusted (aOR 0.79, 95% CI 0.31–1.76).

Discussion

The present study was conducted to investigate the use of
single dose hCG as luteal phase support in nFET cycles. We
hypothesized that hCG supplementation after the LH surge
would buttress endogenous steroidogenesis leading to im-
proved pregnancy outcomes. Our findings show that the ad-
dition of an hCG bolus 1 day post-LH surge is associated with
a statistically significant higher ongoing pregnancy rate.
Furthermore, our data show that hCG use is not associated
with higher rates of first trimester loss, biochemical pregnan-
cies or ectopic pregnancies. These results were unchanged
after adjustments for confounders, including embryo quality.
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The majority of studies investigating the use of hCG in
nFET have focused on its role as a trigger to prompt ovulation
prior to an endogenous LH surge. In a randomized controlled
trial (n = 124), Fatemi et al. found that nFETafter spontaneous
surge had improved outcomes compared to when hCG was
given to trigger ovulation [7]. In that analysis, the study was
terminated before its conclusion, as a significantly higher on-
going pregnancy rate (31.1% vs. 14.3%) was achieved when a
spontaneous LH surge as opposed to an hCG trigger was used
to time day-3 transfers. On the other hand, Weissman et al.
found no difference in success rates with the use of an hCG
trigger to time nFET as compared to waiting for the endoge-
nous surge; however, the authors noted higher patient satisfac-
tion with the practice of triggering, as less monitoring was
required in these cycles [8].

There are few studies on the use of hCG as luteal phase
support. Of note, two prior randomized controlled trials have
not found a statistically significant difference in pregnancy
outcomes with the addition of hCG as luteal phase support,
however, we felt additional investigation was warranted based

on variations with the study design and hCG administration in
these trials. In a randomized controlled trial comparing vari-
ous endometrial preparation methods in FET by Mandani
et al., one subgroup (n = 117) underwent nFETwith ovulation
triggered by 10,000 IU hCG followed by 2500 IU hCG every
3 days during the luteal phase [9]. As described previously,
hCG given to trigger ovulation has been found to be associat-
ed with poorer outcomes than spontaneous ovulation, leaving
the impact of the luteal phase hCG less clear [7, 8].
Furthermore, our study analyzes the use of bolus hCG dosing
rather than every few days during the luteal phase. Another
randomized controlled study (n = 450) by Lee et al. investi-
gated nFET cycles augmented with 1500 IU hCG on the day
of FET and 6 days later; however, progesterone luteal phase
support was not given [10]. Additionally, the aforementioned
studies analyzed only non-PGT, cleavage-stage embryo trans-
fers. Both blastocyst transfer and vaginal progesterone luteal
support have been associated with higher ongoing pregnancy
rates, and by limiting our study to only PGT-A embryos and
controlling for luteal phase progesterone use, we eliminated

Table 1 Baseline characteristics
for cases versus controls Characteristic hCG Booster (n = 146) No Booster (n = 383) P value

Age (y), mean ± SD 37.58 ± 3.76 37.22 ± 4.18 .34

BMI (kg/m2), mean ± SD 23.05 ± 3.58 23.02 ± 3.97 .94

Embryo Quality

Excellent 19 (.13) 33 (.09) .18

Good 22 (.15) 52 (.14) .76

Average 65 (.46) 208 (.54) .06

Poor 40 (.27) 90 (.23) .41

Gravidity, mean ± SD 1.21 ± 1.34 1.78 ± 1.69 <.05

Parity, mean ± SD 0.29 ± 0.55 0.54 ± 0.73 <.05

Peak endometrial thickness (mm), mean ± SD 8.38 ± 1.44 8.93 ± 1.60 <.05

Primary Infertility Diagnosis

Ovarian Reserve 60 (.411) 154 (.402) .93

Male Factor 39 (.267) 81 (.211) .21

PGD 16 (.110) 61 (.159) .19

Tubal 9 (.062) 38 (.099) .24

PCO 9 (.062) 15 (.039) .38

Idiopathic 5 (.034) 12 (.031) 1

Endometriosis 5 (.034) 8 (.021) .57

Recurrent Miscarriage 3 (.021) 10 (.026) .96

Fertility Preservation 1 (.007) 3 (.008) 1

Table 2 Pregnancy outcomes for
cases and controls Outcome hCG Booster (n = 146) No Booster (n = 383) P value aOR (95% CI)

Ongoing pregnancy 102 (.699) 220 (.574) 0.01 1.72 (1.13–2.65)

First trimester loss 5 (.034) 14 (.037) 0.90 1.05 (.32–2.96)

Biochemical pregnancy 8 (.055) 28 (.073) 0.58 .79 (.31–1.76)

All analyses performed using logistic regression adjusted for age at transfer, BMI, embryo quality (excellent,
good, average, poor), gravidity, parity, and peak endometrial thickness
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major sources of potential confounding present in these prior
studies [11, 12].

Given its long half-life, intramuscular hCG achieves circu-
lating serum concentrations for approximately 8–9 days after
administration. In the ovary, hCG activates the LH receptor;
however, emerging research indicates that the downstream
effects of LH and hCG differ [2]. Casarini et al. found that
hCG binding led to more potent activation of the cyclic AMP-
protein kinase a pathway, which stimulates progesterone pro-
duction in granulosa cells; on the other hand, LH led to a more
potent activation of cell cycle regulators ERK and AKT, im-
portant in folliculogenesis [13]. Demonstrations in vitro sug-
gest that hCG promotes longevity of the corpus luteum via
increasing levels of antiapoptotic BCL-2 and decreasing
proapoptotic Bax [14].

In addition to its effects on the corpus luteum, research
suggests that hCG may signal to the endometrium of future
blastocyst implantation, foster growth and differentiation of
trophoblast cells, and establish placental villous structures
[15]. Given that hCG biosynthesis begins early on in embryo
development, and hCG is detected in relatively high concen-
trations in the uterine cavity prior to implantation, the exoge-
nous administration of hCG during in vitro fertilization may
mimic the local effects of hCG when fertilization occurs nat-
urally [16].

Strengths of our study include its relatively large sample
size, incorporation of women of all age ranges, and represen-
tation of patients from the full spectrum of infertility diagno-
ses. Additionally, our study controlled for chromosomal aneu-
ploidy, which is one of the largest causes of implantation fail-
ure. Although patients in the treatment group had a lower
mean gravidity, parity, and peak endometrial thickness, they
still demonstrated better outcomes with hCG administration.
Of note, 9 patients (3.57%) in our study had a fresh transfer
resulting from sibling oocytes generated from their PGT-A
cycle (outcomes of which included live birth [n = 1], biochem-
ical pregnancy [n = 2], first trimester loss [n = 2], and no preg-
nancy [n = 5]). Given the small sample size of this group and
their distribution of outcomes in their subsequent FET cycle
(ongoing pregnancy [n = 4], first trimester loss [n = 1], and no
pregnancy [n = 4]), they were included in our analysis. We
acknowledge as limitations, however, the retrospective nature
of the study as presented as well as the variability in hCG
dosing, which was subject to physician judgment according
to patient BMI and clinical scenario.

Conclusions

This study provides evidence that nFET cycles in which the
luteal phase is buttressed with both a single hCG injection
after the endogenous surge as well as vaginal progesterone
after transfer are associated with high clinical success rates

with minimal negative impact on the patient experience.
These findings may provide a basis for further larger random-
ized control trials and identification of optimal dosing param-
eters of hCG.
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