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Abstract

Background: In selected patients, addition of LH activity can improve
the outcome of ovarian stimulation. Two common LH activity
supplementation strategies are recombinant human LH (rLH) and human
chorionic gonadotropin (hCG). The respective effectiveness of hCG
versus rLH using various daily dosages and modes of administration is
still discussed. In this study, we compared the outcomes of hCG versus
rLH supplementation among patients with slow response to recombinant
follicle stimulating hormone (rFSH).

Methods: A retrospective study was conducted among infertile women
with slow response to rFSH, who were given either rLH or hCG on day
6 of ovarian stimulation. The treatment effect of hCG versus rLH was
adjusted using propensity score matching.

Results: The study included 772 patients, of which 275 received rLH
and 497 received hCG. In the unadjusted analysis, the number of oocytes
retrieved, MII oocytes, cleavage embryos, and blastocyst embryos were
higher in the hCG group than in the rLH group (mean ratios: 1.38 (95%
CI 1.25, 1.52), 1.47 (95%CI 1.31, 1.65), 1.41 (95%CI 1.25, 1.58),
1.41 (95%CI 1.23, 1.61), respectively). In the adjusted analysis,
the mean differences decreased to 1.19 (95%CI 1.01, 1.40), 1.23 (95%CI
1.00, 1.52), 1.14 (95%CI 0.94, 1.38), and 1.22 (95%CI 0.98, 1.53),
respectively. Among the 121 patients in the rTLH group and 302 in the
hCG group who underwent embryo transfer, no significant differences
could be demonstrated in endometrial preparation, endometrial thickness,
number or type of embryos, or pregnancy outcomes.

Conclusions: In infertile women displaying a slow response to rFSH, hCG
supplementation was associated with a modest improvement in oocyte-
related outcomes but comparable effects in terms of embryo-related
and pregnancy outcomes as compared to rLH. hCG could be a potential
alternative to rLH when addition of LH activity is required.
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Introduction

Ovarian stimulation is a cornerstone of in vitro fertilization (IVF), which
allows the recruitment of an optimum number of oocytes to maximize
fertilization success in the safest possible way. Nowadays, instead of using
a conventional “one-size-fits-all” protocol, individualization of ovarian
stimulation provides every single woman the optimal treatment matched
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to her unique characteristics, therefore enhancing patient
compliance and improving clinical practice. However,
individualizing protocol of stimulation is not that simple due
to the large variety of medications, such as gonadotropin-
releasing hormone (GnRH) analogs, gonadotrophin
preparations, and other adjuvant therapies, and because of the
lack of a clear evidence-based therapeutic strategy for various
subgroups of patients[1]. The positive effect of exogenous
luteinizing hormone (LH) in ovarian stimulation is not
demonstrated in the general population A systematic review
of 30 trials in normogonadotropic women undergoing IVF
showed that two subgroups could benefit from recombinant
LH (rLH) supplementation— women 36-39 years of age
and those with adequate pre-stimulation ovarian reserve
parameters but unexpected hyporesponse to recombinant
FSH (rFSH) monotherapy[2].

Different criteria of hyporesponse to ovarian stimulation
have been proposed, including a slow response to
rFSH, slowly rising estrogen levels, or the requirement
of a gonadotropin dose higher than usual for ovarian
stimulation[3]. The reasons for hyporesponse to FSH during
ovarian stimulation are not still clearly defined. The most
common hypothesis focuses on genetic mutations or single
nucleotide polymorphisms (SNPs) of gonadotropins or their
receptors that can impair ovarian sensitivity to exogenous
gonadotropins. For example, LH beta chain variant carriers
may exhibit ovarian resistance to exogenous gonadotropin
and require a higher dose of recombinant FSH during ovarian
stimulation[4]. Hyporesponse to FSH is more prevalent
in carriers of the serine variant in position 680 of FSH-
receptor than in wild-type haplotypes[5]. Therefore, FSH
receptor variant N680S and LH/hCG receptor variant N312S
could predict the outcome of ovarian stimulation in women
undergoing IVF[6]. In women with these genetic variants,
exogenous LH activity supplementation might overcome the
ovarian resistance to FSH stimulation[2].

In addition to LH supplementation using recombinant LH,
several studies have used human chorionic gonadotrophin
(hCG), a hormone with LH activity. Although previously
considered to have overlapping functions based on similar
molecular structures and a shared binding site—the LH/
hCG receptor, the two hormones have been shown to interact
differently with this receptor, producing distinct intracellular
signaling and steroidogenesis[7]. In particular, their beta
subunits differ in length and confer structural uniqueness
and specificity of pharmacodynamics and bioactivities.
Consequently, LH has a significant shorter half-life (30—60
minutes) while hCG has a half-life of about 37 hours. LH
binding results in a more robust stimulation of the proliferative
and anti-apoptotic ERK1/2 and AKT pathways, while hCG
has greater efficacy for activating the steroidogenic cAMP
pathways. Steroid hormone synthesis also differs between
hCG and LH. Whereas LH and hCG both ultimately promote
testosterone synthesis, LH only partly promotes progesterone
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production, with about a half of the potency of hCG[7]. A
study by Casarini et al. (2016) has provided valuable insights
into the differential effects of LH and hCG in the presence
of FSH. This study demonstrated that, in human granulosa-
lutein cells, FSH co-treatment potentiated different LH- and
hCG-dependent responses, measured in terms of cAMP,
phospho-CREB, -ERK1/2, and -AKT activation, gene
expression, and progesterone and estradiol production[8].
Therefore, as rLH and hCG have different pharmacodynamic
and bioactive properties, their respective effect on ovarian
stimulation outcomes might differ.

Some studies have compared the effects of hCG versus
rLH using various daily dosages and modes of administration;
however, unclear conclusions have been reached in terms
of superiority[9]. Such a comparison has not been yet
performed in patients with hyporesponse to FSH. Therefore,
our study aimed to compare the effects of hCG versus rLH
supplementation during the late follicular phase in patients
with an initial slow response to rFSH.

Materials and methods
Study design

We conducted a retrospective analysis of data collected
among women who underwent IVF at the Assisted
Reproduction Center from January 1st, 2020 to November
7th, 2021 and had either rLH or hCG added during the late
follicular phase due to a slow response to rFSH.

A slow response to rFSH was defined by the presence
resence of dominant follicle of <12 mm in size and >50%
of the follicles of <10 mm in size on day 6 of ovarian
stimulation. Data were extracted from the -electronic
database at the Assisted Reproduction Center. Collected
data included baseline characteristics, treatment given
on day 6, and treatment outcomes. Inclusion criteria the
following : normal ovarian function regarding baseline
serum FSH, LH, estradiol, and progesterone levels, the use
of antagonist protocol, addition of either rLH or hCG on day
6 of ovarian stimulation. Women with history of polycystic
ovary syndrome, endometriosis, or history of severe ovarian
hyperstimulation syndrome were excluded from the study.
Because the majority (98%) of women in the study received
the initial rFSH dose of 300 IU, we also excluded those who
were given other doses.

Treatment protocol of ovarian stimulation

Stimulation was initiated on day 2 of the menstrual
cycle with rFSH (Follitrope, LG Chem, South Korea) at
a daily dose of 300 IU. On day 6 of ovarian stimulation,
pituitary gonadotrophin suppression was started with
daily administration of a GnRH antagonist (ganirelix,
Orgalutran®, MSD, Australia; or cetrorelix, Cetrotide®,
Merck, Netherlands) at a dose of 0.25 mg, to inhibit premature
LH surge. For patients diagnosed with slow response to
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rFSH, either hCG 100 IU per day (IVF-C, LG Chem, South
Korea) or rLH 75 IU per day (Pergoveris, Merck Serono,
United Kingdom) was added in order to rescue the ongoing
cycle[2]. The choice ot the product depended on physician’s
preferences and on patient’s characteristics, among which
the patient’s financial capacity was a vital consideration. If
Pergoveris was prescribed, the initial dose of rFSH should
be decreased by 150 units as Pergoveris already contains 150
units of rFSH. Pergoveris was used because it is the only
medication containing rLH available in Vietnam , following
the withdrawal of the other rLH-containing drug, Luveris,.
The hCG dose of 100 IU/day was used because it is as
effective as 150 IU/day while reducing the risk of ovarian
hyperstimulation syndrome (OHSS) [10].

As soon as three follicles of 17 mm diameter were detected,
triggering of final oocyte maturation was induced with 5000
IU of hCG (Pregnyl®, MSD, United States). After 36 hours,
oocyte retrieval was performed and the oocyte cumulus
complexes were harvested by transvaginal aspiration.

Laboratory protocol

Following follicle aspiration, the oocyte cumulus
complexes were transferred into a dish containing a culture
medium of G-IVF (Vitrolife) and continued incubating in
benchtop incubators (Origio), which allowed oocytes to
achieve their fully mature status. After 2 hours of incubation,
oocyte-cumulus complex denuding took place. The denuded
oocytes were examined under inverted microscope to assess
the nuclear maturation stage. Only oocytes that reached
the MII stage, which had the first polar body extruded
and homogenous size were suitable for intracytoplasmic
sperm injection. Otherwise, oocytes were discarded if they
were a giant cell, severe abnormal shape, or degenerated.
Intracytoplasmic sperm injection was performed 34
hours after oocyte retrieval by one of the experienced
embryologists. The oocytes then were transferred into the
post-intracytoplasmic sperm injection dishes for further
culturing with continuous single culture media (Fujifilm
Irvine Scientific) in the tri-gas incubator of 37 oC, 5% oxygen,
and 6% carbon dioxide. Fertilized oocytes should present 2
pronuclei inside the ooplasm. Those with 3 pronuclei or more
were considered multinuclei and eliminated. The quality
of cleavage embryos was assessed at 67 to 69 hours post-
insemination following the Istanbul consensus and classified
into good, fair, or poor grade depending on the embryos
number of cells, cell fragmentation, multinucleation, and cell
size[11]. After a thorough discussion with the embryologist,
the couple will decide whether to continue culture their
embryos to blastocysts or cryopreservation. Embryonic
development stage (compression phase, early blastocyst,
complete blastocyst, hatching blastocyst), trophoblast,
and inner cell mass morphology were used to classify
obtained blastocysts according to Gardner and Schoolcraft
classification. AA, AB, BA, and BB grades indicated a good

Volume 6 « Issue 2 145

blastocyst.

Endometrial Preparation for transfer of frozen
embryos

According to our hormonal therapy protocol, a daily dose
of 6-8 mg estrogen is given to promote endometrial growth,
which is monitored by transvaginal ultrasound. Progesterone
is added when the endometrial thickness reaches 7 mm. When
natural cycle or mild stimulation protocols are used, patients
receive a daily intramuscular injection of HMG of 75 IU
from day 2 of the menstrual cycle transvaginal ultrasound is
performed to assess follicular and endometrial development.
Once the endometrial thickness reaches 7 mm and the
diameter of the dominant follicle reaches 18 mm, 5000 IU
of hCG (Pregnyl®, MSD, United States) is administered to
induce ovulation. Progesterone is then added and the timing
of embryo transfer is scheduled.

Outcomes

Outcomes of interest included oocyte-related parameters
(total number of oocytes, number of MII oocytes), embryo-
related parameters (total number of cleavage embryos,
number of good cleavage embryos, number of blastocyst
embryos, number of good blastocyst embryos), dynamic
follicular growth (follicular output rate (FORT), follicle-
to-oocyte index (FOI)), incidence of OHSS, and pregnancy
outcomes.

The total number of oocytes was counted immediately
after denuding the surrounding cumulus cells. The number of
MII oocytes was then counted adapting the characteristics for
intracytoplasmic injection mentioned in laboratory protocol.
FORT was defined as the ratio of pre-ovulatory follicle (16—
22 mm in diameter) count on hCG day to small antral follicle
(3-8 mm in diameter) count at baseline[12]. FOI was defined
as the ratio of the total number of oocytes collected at the
end of ovarian stimulation to the number of antral follicles
available at the start of stimulation[3].

OHSS was categorized according to the Practice
Committee of the American Society for Reproductive
Medicine[13]. Clinical symptoms and laboratory parameters
(if any) were recorded on the day of oocyte retrieval, day 3
following oocyte retrieval, and anytime the patient was re-
examined for symptoms related to OHSS.

The pregnancy outcomes after the first transfer of embryos
from the two treatment regimens include: the pregnancy,
which was determined based on the presence of beta hCG
levels greater than or equal to 5 mIU/mL on the 12th day after
embryo transfer; the biochemical pregnancy was determined
based on serum beta hCG levels greater than 5 IU/L on the
12th day after embryo transfer, followed by a negative result
and no visualization of a gestational sac on ultrasound; the
clinical pregnancy was determined based on the visualization
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of a gestational sac on ultrasound on the 21st day after embryo
transfer; the on-going pregnancy was defined as the number
of patients with pregnancies continuing beyond 12 weeks; the
multiple pregnancy was determined based on the observation
of at least two gestational sacs on ultrasound on the 21st day
after embryo transfer. The implantation rate was calculated
by dividing the number of gestational sacs by the number of
transferred embryos.

Statistical analysis

All analyses were performed using the R language version
4.1.1. Baseline characteristics and outcomes were compared
between participants who received rLH and hCG, with
categorical variables presented as number (percentage) and
quantitative variables presented as means (standard deviation)
or medians [interquartile range (IQR)]. Differences between
two groups were tested using Chi-square for categorical
variables and t-test for continuous variables.

To estimate the treatment effect of using hCG compared to
rLH, we used propensity score matching since our data were
retrospective in nature, which makes the analysis of treatment
effect subject to confounding bias. Propensity score methods
are causal inference methods used to emulate the design of
randomized clinical trials[14]. Matching acts as a method to
balance the differences in baseline covariates between two
treatment groups, making them similar to those generated by
randomization.

Propensity scores were estimated using the Matchlt
package[15]. We fitted a multivariable logistic regression on
the baseline characteristics of the participants, including age
groups (<35, 35 to 38, and >38 years), BMI, basal FSH level,
basal LH level, AMH level, antral follicle counts (AFC),
infertility factor, and >2 previous IVF attempts. Various
spline terms of the aforementioned variables were added; the
cut points for these terms were decided by visual inspection
using locally estimated scatterplot smoothing (LOESS) plot.
In this analysis, we examined both 1:1 matching and full
matching. In addition to matching using the propensity scores,
we performed exact matching on the age group and fertility
factor. A Love plot was created to examine the standardized
mean differences (SMD) of the covariates before and after
adjustment by propensity score matching. If the SMDs of all
covariates decreased substantially after adjustment and were
<0.1, balance was considered to have been achieved.

In this study, full matching provided better balance;
therefore, we chose the average treatment effect (ATE) as our
estimand of interest[16]. ATE answers the question “What
would the average treatment effect have been had everyone
in the target population been given hCG versus had everyone
in the population been given rLH?” We performed weighted
regression to estimate the ATE of six outcomes: total number
of oocytes, number of MII oocytes, total number of cleavage
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embryos, number of good cleavage embryos, FOI, and FORT.
Weighted Poisson regression was fitted for the outcomes.
Variance in the weighted regression models was estimated
using heteroscedasticity robust variance estimation.

For pregnancy outcomes, we did not perform adjusted
analysis. We simply describe the characteristics of patients
who underwent the first embryo transfer and the pregnancy
outcomes, including the proportion of biochemical pregnancy,
clinical pregnancy, ongoing pregnancy, implantation, and
multiple pregnancy.

Results
Patient and ovarian stimulation characteristics

A total of 772 participants were included in the study,
275 receiving rLH and 497 hCG. Before propensity score
matching, participants who received rLH appeared to be
older and more overweight / obese than participants who
received hCG. The proportion of participants who had more
than 2 previous failed IVF attempts was also higher in the
rLH group. Participants in the rLH group had lower LH
and AMH levels, as well as lower AFC. Nearly two-thirds
of the participants had secondary infertility. Patients in the
rLH group had more previous IVF attempts. After matching,
baseline characteristics were similar between the two
treatment groups (p >0.05 for all comparisons, except mean
number of previous IVF attempts). Full matching appeared
to provide good balance between the two treatment groups
(Figure S1).

For ovarian stimulation characteristics, the total FSH
dose was the most notable difference between the hCG and
rLH groups. Before matching, a significant difference was
observed in the total FSH dose: 2672 £143 IU for the hCG
group and 3039 =191 IU for the rLH group p<0.001). This
difference remained significant after matching: 2672 +143
IU for the hCG group and 3056 + 164 IU for the rLH group
(p < 0.001). On the other hand, stimulation duration and
progesterone levels on the trigger day consistently showed no
significant differences between the groups, both before and
after matching. In contrast, estradiol levels on the trigger day
initially exhibited a significant difference before matching.
However, this difference became not significant after
matching : 3601 + 2536 pg/mL for the hCG group and 3158
+ 2261 pg/mL for the rLH group.

Oocyte-related, and embryo-related outcomes

In the unadjusted analysis, compared to the rLH group,
patients in the hCG group had higher total number of oocytes
and number of MII oocytes, and higher number of embyros,
all difference being statistically significant. After adjusting
for confounding using full matching of propensity scores, the
estimates of treatment effect decreased. The average number
of oocytes and MII oocytes in the hCG group was significantly
higher: 1.19-times (95%CI 1.01, 1.40) and 1.23-times (95%CI
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Table 1: Patient and ovarian stimulation characteristics

Before matching

After matching

Variable

hCG rLH P hCG rLH P
Age (mean (SD)) 35.73 (4.58) 37.66 (4.50) <0.001 | 35.73(4.58) | 36.15(4.06) | 0.335
Age group (%) <0.001 1
<35 171 (34.4%) 60 (21.8%) 34.40% 34.40%
35-38 192 (38.6%) 88 (32.0%) 38.60% 38.60%
39-42 100 (20.1%) 84 (30.5%) 20.10% 20.10%
43+ 34 (6.8%) 43 (15.6%) 6.80% 6.80%
BMI (mean (SD)) 21.50 (2.18) 22.06 (2.40) 0.001 21.50 (2.18) | 21.41(1.93) 0.685
Basal FSH (mIU/mL) (mean (SD)) 7.93 (2.82) 8.06 (2.70) 0.532 7.93 (2.82) 7.95 (2.65) 0.945
Basal LH (mlU/mL) (mean (SD)) 5.64 (1.81) 4.66 (1.96) <0.001 5.64 (1.81) 5.72 (1.95) 0.687
AMH (ng/mL) (mean (SD)) 2.24 (1.57) 1.89 (1.59) 0.003 2.24 (1.57) 2.10 (1.47) 0.413
AFC (mean (SD)) 12.02 (6.59) 10.12 (6.78) <0.001 12.02 (6.59) | 11.52 (6.65) | 0.557
Infertility types (%) 0.209 0.503
Primary 194 (39.0%) 94 (34.2%) 39.00% 35.20%
Secondary 303 (61.0%) 181 (65.8%) 61.00% 64.80%
Infertility factor (%) 0.002 1
Female factor 277 (55.7%) 187 (68.0%) 55.70% 55.70%
Male factor 27 (5.4%) 15 (5.5%) 5.40% 5.40%
Both 60 (12.1%) 31 (11.3%) 12.10% 12.10%
Unexplained 133 (26.8%) 42 (15.3%) 26.80% 26.80%
Previous IVF attempts (mean (SD)) 0.69 (1.10) 1.29 (1.52) <0.001 0.69 (1.10) 1.09 (1.09) | <0.001
>2 previous IVF attempts (%) 29 (5.8%) 44 (16.0%) <0.001 5.80% 7.40% 0.446
Length of stimulation (days) (mean (SD)) 10.21 (0.64) 10.13 (0.64) 0.095 10.21 (0.64) | 10.19 (0.55) | 0.702
Total FSH dosage (IU) (mean (SD)) 2672 (143) 3039 (191) <0.001 2672 (143) 3056 (164) | <0.001
Total hCG dosage (IU) (mean (SD)) 521(64) NA NA NA NA NA
Total LH dosage (IU) (mean (SD)) NA 385 (48) NA NA NA NA
Progesterone level on trigger day (ng/mL) (mean (SD)) | 0.92 (0.67) 0.84 (0.69) 0.085 0.92 (0.67) 1.05 (0.86) 0.24
Estradiol level on trigger day (pg/mL) (mean (SD)) 3601 (2536) 2675 (2113) <0.001 | 3601 (2536) | 3158 (2261) | 0.116

AFC, antral follicle count; AMH, anti-Mullerian hormone; BMI, body mass index; FSH, follicle-stimulating hormone; hCG, human chorionic

gonadotropin; IVF, in vitro fertilization; LH, lutenizing hormone.

Outcome hCG rLH Unadjusted treatment effect | Adjusted treatment effect

Total number of oocytes 8.97 (5.74) 6.52 (4.48) 1.38 (1.25, 1.52) 1.19 (1.01, 1.40)
Number of MIl oocytes 6.79 (5.00) 4.63 (3.76) 1.47 (1.31, 1.65) 1.23 (1.00, 1.52)
Number of cleavage embryos 5.72 (4.35) 4.07 (3.27) 1.41 (1.25, 1.58) 1.14 (0.94, 1.38)
Number of good cleavage embryos 3.87 (3.45) 2.69 (2.62) 1.44 (1.25, 1.65) 1.09 (0.84, 1.40)
Number of blastocyst embryos 7.26 (4.49) 5.15(3.41) 1.41 (1.23, 1.61) 1.22 (0.98, 1.53)
Number of good blastocyst embryos 2.96 (2.74) 2.18 (2.19) 1.36 (1.11, 1.66) 1.09 (0.80, 1.49)
Follicular output rate (FORT) 0.78 (0.38) 0.71 (0.40) 1.11 (1.02, 1.20) 1.10 (0.97, 1.24)
Follicle-to-oocyte index (FOI) 0.70 (0.31) 0.69 (0.34) 1.01 (0.94, 1.08) 1.00 (0.91, 1.10)

Table 2: Comparison of outcomes between hCG and rLH

Outcomes are expressed as mean (SD), treatment effect is difference in mean ratio (95%Cl)
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Table 3: Pregnancy outcomes after the first transfer of embryos originating from the two regimens

Characteristics hCG (n=302) rLH (n=121) p
Endometrial preparation (%) 0.415
Hormone therapy 228 (75.5) 92 (76.0)
Natural cycle 40 (13.2) 13 (10.7)
Mild stimulation 2(0.7) 3(2.5)
Fresh embryo transfer (ET) 32 (10.6) 13 (10.7)
Endometrial thickness (mm) (mean (SD)) 9.55 (1.29) 9.61 (1.39) 0.694
Embyros transfer (%) 0.297
Single embryo 193 (63.9) 71 (58.7)
Double embryo 105 (34.8) 46 (38.0)
Triple embryo 4 (1.3) 4 (3.3)
Type of embryos (%) 0.327
Cleavage stage 129 (48.9) 59 (55.1)
Blastocyst stage 135 (51.1) 48 (44.9)
Pregnancy (%) 141 (47.8) 56 (47.1) 0.978
Biochemical pregnancy (%) 23 (7.8) 5(4.2) 0.262
Clinical pregnancy (%) 118 (39.9) 51 (42.5) 0.7
Ongoing pregnancy (%) 91 (32.7) 39 (35.1) 0.738
Implantation (%) 117 (39.7) 50 (41.7) 0.789
Multiple pregnancy (%) 11 (3.7) 8 (6.7) 0.299

1.00, 1.52) respectively. The average number of cleavage
embryos, good cleavage embryos, blastocyst embryos,
and good blastocyst embryos in the hCG group was higher
without achieving significance :1.14-times (95%CI 0.94,
1.38), 1.09-times (95%CI 0.81, 1.38), 1.22-times (95%CI
0.98, 1.53), and 1.09-times (95%CI 0.80, 1.49) respectively.
The mean ratios of FOI and FORT were similar between the
unadjusted and adjusted analysis (Table 2). Three patients in
the hCG group and none in the rLH group had OHSS.

Pregnancy outcomes

A total of 121 patients from the rLH group and 302
patients from the hCG group underwent the first embryo
transfer. There were no significant differences between the
groups in terms of endometrial preparation, endometrial
thickness, number or type of embryos. Most patients in both
groups had a single embryo transferred (63.9% for hCG
and 58.7% for rLH). The two groups showed no significant
difference in the percentage of cycles resulting in pregnancy
(47.8% for hCG and 47.1% for rLH), biochemical pregnancy
(7.8% for hCG and 4.2% for rLH), clinical pregnancy (39.9%
for hCG and 42.5% for rLH), ongoing pregnancy (32.7% for
hCG and 35.1% for rLH), and implantation (39.7% for hCG
and 41.7% for rLH) (Table 3).

Discussion

In this study, the effects of rLH and hCG supplementation
during the late follicular phase were compared in patients
with slow response to rFSH. Results showed that hCG

supplementation at a dosage of 100 IU/day was associated
with significant better oocyte-related outcomes compared to
rLH supplementation, but the differences in embryo-related
outcomes was not statistically significant.

A slow response to rFSH is a relatively common
phenomenon encountered in clinical practice. One of the main
difficulties arises from the lack of a standardized definition
and the limited availability of evidence-based interventions.
When a slow response to rFSH is observed during ovarian
stimulation, two potential approaches have been proposed:
(1) to increase the dose of FSH, and/or (2) to supplement
with luteinizing hormone (LH) activity products[17]. In
the context of this study, all patients received an initial
FSH dosage of 300 IU/day, which is the optimal dose, as
previously suggested [18]. Pharmaceutical restrictions and
cost considerations led us to use 75 IU rLH available within
Pergoveris or 100 IU hCG as therapeutic interventions.
Meanwhile, the ratio of bioactivity between hCG and LH is
6:1, this means that 6 IU of LH supplementation is expected
to be as effective as 1 IU of hCG[19] .Therefore, the effects
of 100 IU/day hCG would have been equivalent to 600 IU of
LH which was not conceivable for cost reasons. We would
like to emphasize that the primary objective of our study was
not to compare the potency of LH activity between these two
treatment strategies, but rather to evaluate their respective
effectiveness in enhancing ovarian response.

Although oocyte-related outcomes were improved
following hCG supplementation, we did not observe
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Figure S1: Love plot comparing standardized mean differences before and after full matching.

any significant improvement in terms of embryo-related
outcomes. The concept of “the more oocytes, the better” in
ovarian stimulation has been controversial for a long time.
While a robust stimulation is able to increase the number
of retrieved oocytes and to reduce cycle cancellations, the
chances of a live birth also depends on woman’s prognostic
profile including age and genetic quality of the oocytes[20]. In
our study, patients with a slow response to rFSH monotherapy
were older than normo-responders and a smaller number of
oocytes could be collected. Therefore, adding LH-activity
products is unlikely to improve embryo-related parameters
and pregnancy outcomes.

In this study, we included FOI and FORT, parameters
used to assess treatment outcomes. Both are indicators of
the dynamic follicular growth during ovarian stimulation,
with low values attesting for a suboptimal ovarian response
to gonadotropins[3]. In our experience, delayed follicular

development at day 6 of ovarian stimulation is usually
associated with low FOI and FORT values, as commonly
observed in POSEIDON Group 2 patients. Inspite of good
ovarian reserve, a suboptimal follicular development is
observed in these patients and results in a low yield of
collected oocytes. Chen et al. demonstrated that POSEIDON
Group 2 patients had the lowest FOI and FORT values (0.62
and 0.68, respectively) compared to other POSEIDON
groups[21]. In these women, a supplementation with LH
activity products has been proposed to increase the number
of retrieved oocytes abd therefore to improve FOI or FORT.
In our study, the mean ratios of both FOI and FORT were
similar between the unadjusted and adjusted analyses,
suggesting that both products have comparable effects on the
dynamic follicular growth.

An important aspect when considering treatment options
is the issue of cost effectiveness. Patients with a slow response
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to rFSH frequently require multiple stimulation cycles,
receive large doses of gonadotropins, and are frequently
supplemented with LH activity products. In our study, the total
FSH dose required in the hCG group was significantly lower
compared to those used in the rLH group. In addition, rLH is
relatively expensive, while the cost of hCG is considerably
lower, resulting in a marked difference in expenses related to
ovarian stimulation medications. Consequently, the regimen
using low-dose hCG supplementation becomes an attractive
choice[22], particularly for developing nations, where IVF
treatments may not be qualified for insurance, thus preventing
access for couples with limited financial capacity. A cost
effectiveness study is required to confirm these data on a
large-scale clinical trial before new general recommendations
can be made.

While performed on a large sample size selected
population, this retrospective study is at risk of confounding
bias due to the lack of randomization. Therefore, differences
observed in baseline characteristics between the two
treatment groups might have hedged our conclusion. For that
reason, we have done our best to remove this confounding
effect by using propensity score matching in order to provide
a less biased treatment effect estimate. Nevertheless, some
unmeasured confounding factors might exist such as the
patient economic status[23] which was not recorded in our
archived dataset. To overcome these drawbacks, large-scale
prospective cohort studies or randomized clinical trials are
needed.

In conclusion, in women with slow response to rFSH,
hCG supplementation at a dosage of 100 IU/day was
associated with a significant better oocyte-related outcome
compared to rLH supplementation, but the differences in
embryo-related outcomes were not significant. Addition
of the inexpensive dose of hCG 100 IU/day to r.FSH is a
potential effective alternative treatment in this selected group
of patients. More research should be done to better determine
the clinical interest of this therapeutic association and its cost
effectiveness as well.
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