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Objective

Controlled ovarian stimulation leads to profound changes in the endocrine characteristics of the ovarian cycle. Serum
luteinising hormone (LH) levels on the day of trigger have been shown to correlate with oocyte quality and pregnancy
rate in antagonist cycles.

Methods

This is an observational study of 86 women undergoing an antagonist in-vitro fertilisation cycle. Oocyte maturation
trigger used was either Inj. human chorionic gonadotropin or Inj. triptorelin 0.2 mg s/c or a combination of both.
Women were categorised into four groups based on serum LH levels on the day of trigger i.e., LH <0.5 (n=8), LH=0.6-
1.0 international units (IU)/L (n=12), LH=1.0-1.5 IU/L (n=13), and LH >1.6 IU/L (n=53) and the subgroup analysis was
done based on type of trigger used.

Results

Mature oocyte (M) retrieval rate did not show a significant relation with serum LH levels (87%, 89%, 77%, and 76%
in groups with LH <0.5, 0.5-1.0, 1.0-1.5, and >1.5 IU/L respectively; P-value=0.243). There was no significant difference
in the clinical pregnancy rate either when women were split according to the type of trigger given or according to
trigger day LH levels. Women with low LH levels (<0.5 IU/L) required significantly more doses of gonadotropins com-
pared to women with LH levels of 1.0-1.5 IU/L. (3,531+1,133 vs. 2,281+938; P-value=0.01).

Conclusion
Based on the observation from the current study, there was no significant association of serum LH levels with MII re-
trieval rate and clinical pregnancy rate. The group with low LH levels required slightly longer days of stimulation.
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ovaries. The endocrine characteristics of the follicular phase
can have a major impact on the quality and quantity of oo-

Introduction

The aim of an in vitro fertilization (IVF) cycle is to obtain the

optimum number of good-quality oocytes and embryos for ) )
Received: 2023.09.01. Revised: 2023.12.13. Accepted: 2024.01.23.

a healthy baby. Tremendous advancements have been made
in IVF since the birth of the first child using this technique.
One of the major areas of research is the optimization of the
number and quality of retrieved oocytes without compro-
mising the safety of women undergoing IVF [1]. Controlled
ovarian stimulation involves an exogenous administration of
gonadotropins (follicle stimulating hormone [FSH] and lutein-
ising hormone [LH]) to stimulate the growth of multiple fol-
licles, which leads to changes in the hormonal milieu of the
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cytes, and subsequently, on the outcome of an IVF cycle [2].
Recently, there has been tremendous interest in the antago-
nist protocol owing to its convenience, lower rate of ovarian
hyperstimulation, and patient acceptability due to fewer days
of injections. However, in antagonist cycles, the pregnancy
rates may be lower in fresh embryo transfers [3,4]. Gonado-
tropin releasing hormone (GnRH) antagonists result in rapid
and marked decline in serum LH levels, which might affect
the follicle and endometrial development [5]. LH plays a ma-
jor role in the late follicular development and oocyte matura-
tion during normal ovulatory cycles [6]. Further, serum LH lev-
els on the day of the trigger correlate with the quality of the
oocytes and pregnancy rates [7,8]. Optimal LH levels on the
day of the trigger are thought to induce optimal corpus lu-
teal function, which may lead to optimal luteal phase steroid
hormone levels [9]. Extremes LH levels can have deleterious
effects on the quality of recovered oocytes. In animal studies,
GnRH antagonist downregulation and LH and serum estra-
diol (E2) depletion negatively affected embryo development
and implantation [10]. In women with hypogonadotropic-hy-
pogonadism, follicular development can be achieved with
pure FSH, but the addition of LH or human menopausal gon-
adotropin (HMG) is required to achieve oocyte maturation
and fertilization [11]. Previous studies have highlighted the
importance of premature LH increase and its deleterious ef-
fect on oocyte quality [12]; subsequently, the impact of very
low LH levels in the late follicular phase has also been report-
ed. These studies highlight that LH over suppression can have
deleterious effects on oocyte maturation [13]. A few studies
have demonstrated that very low LH levels on the day of the
trigger can be associated with poor oocyte yield, suboptimal
oocyte quality [14,15], and increased chances of pregnancy
loss [13], whereas some studies did not demonstrate such an
association [16]. Few studies showed that patients with low
LH levels on the day of the trigger and who are injected with
GnRH agonist as a trigger have a suboptimal oocyte yield;
however, this failed to show any significant difference in the
pregnancy rate [17]. The current study was conducted to de-
termine whether there was any correlation between serum
LH levels on the day of the trigger and IVF outcomes in our
population.
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Materials and methods

1. Patient population, settings and interventions

This was an observational study of 86 women who under-
went antagonist IVF cycles for various indications at a tertia-
ry-level IVF unit in India. Data were extracted from the medi-
cal records in a predefined manner by an individual who was
not part of the study team. Patient identifiers were removed
from the data for anonymization.

The inclusion: criteria were women age group 18-45 years
and who underwent antagonist IVF cycles for various indica-
tions.

The exclusion criteria were: 1) IVF-cycle cancelled due to
any reasons before the day of trigger; 2) LH levels for the day
of the trigger or embryological details were not available;
3) deviation from the normal trigger to pick-up time (i.e., 34-
36 hours); and 4) women who underwent IVF with hydro-
salpinx/pelvic tuberculosis/adenomyosis/severe male factor
infertility which could have affected the outcome of the IVF
cycle.

Ovarian stimulation was initiated with a subcutaneous
injection of recombinant FSH (Inj. Gonal-f; Merck Serono,
Darmstadt, Germany) at an appropriate dose on day 2 or
day 3. The dose was individualized according to participant
baseline parameters such as age, body mass index, ovarian
reserve, and previous cycle characteristics. Subsequently, Inj.
HMG (Menotropin; Sun Pharmaceuticals, Mumbai, India) was
added according to the physician’s discretion, depending on
follicular growth. Follicular growth was monitored using se-
rial ultrasonography, and the FSH and HMG doses were ad-
justed according to the dynamics of follicular growth. GnRH
antagonist (Inj. Cetrorelix 0.25 mg s/c; Sun Pharmaceuticals)
was initiated when the lead follicle reached a diameter of
12-14 mm and/or the serum estradiol levels were more than
500 pg/mL. Ovarian stimulation was continued until at least
three follicles reached a size of 18-20 mm, when the oocyte
trigger was planned.

The oocyte maturation trigger used was HCG (urinary
10,000 IU intramuscular (IM) (Inj. Chorionic gonadotropin,
Sun Pharma) recombinant human chorionic gonadotropin
(rtHCG) 250 pg s/c, (Inj. Ovitrelle; Merck Serono), or triptorelin
0.2 mg s/c (Inj. Decapeptyl by Ferring Pharmaceutical, Saint-
Prex, Switzerland), or a combination of both, at the discre-
tion of the treating physician. As a departmental protocol,
for women with LH <1.5 IU/L, the trigger used was either
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dual trigger or HCG. None of the patients received only
GnRH as a sole trigger. Whether only HCG or a combination
of HCG and triptorelin was used as a trigger was noted. Oo-
cyte retrieval was done 35 hours after the HCG trigger using
transvaginal sonography under intravenous sedation.

Serum LH, estradiol, and progesterone levels were deter-
mined on the day of the final oocyte maturation trigger in all
patients. Hormonal evaluation was performed using a fully
automated electrochemiluminescence technology (Roche Co-
bas e411 analyzer; Roche, Mumbai, India). Women were cat-
egorized into four groups based on serum LH levels on the
day of trigger i.e., LH <0.5 IU/L, LH=0.6-1.0 IU/L, LH=1.0-1.5
IU/L, and LH >1.6 IU/L, and a subgroup analysis was done.

Oocytes were assessed using the standard oocyte morphol-
ogy assessment criteria introduced by Lin et al. [18], and all
patients underwent intracytoplasmic sperm Injection. Culture
media prepared and produced by Vitrolife (Vitro life, Sweden
AB, Gothenburg, Sweden) we used. Fertilization was defined
as the presence of two pronuclei at 16-18 hours post insemi-
nation/injection. Embryo assessment was done using stan-
dard morphological assessment according to Veeck's modi-
fied scoring system [19]. Embryo transfer was done on day 3
or 5 following oocyte retrieval. All patients were advised to
take 600 mg micronized progesterone daily as luteal phase
support for 2 weeks. The total number of oocytes retrieved,
number of mature (mature oocytes [MII]) oocytes retrieved,
and MIl retrieval rate (obtained by dividing the number of
Mill/total number of oocytes x100), and the embryos were
graded as grade A or grade B (Veeck's modified scoring sys-
tem).

2. Outcomes

The primary outcomes were the total number of mature (MII)
oocytes, the Mll retrieval rate (%) (defined as the percentage
of Mll/total oocytes retrieved), and the number and percent-
age of grade A embryos (percentage of Mll that converted to
grade A embryos on day 3).

The secondary outcomes were 1) serum estradiol levels per
mature oocyte in these four groups and correlation with the
type of trigger used and 2) clinical pregnancy rate (defined
as the presence of at least one gestational sac in the uterine
cavity 5 weeks after embryo transfer), ongoing pregnancy
rate (continuation of viable pregnancy beyond 12 weeks pe-
riod of gestation), miscarriage rate (loss of clinical pregnancy
before 12 weeks of gestation), and live birth rate (defined as
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delivery of a live infant after 28 gestational weeks) in these
groups according to the LH levels.

3. Statistical analysis

Data were collected in an anonymized format using Micro-
soft excel. Continuous variables were expressed as mean
and standard deviation, and categorical variables were ex-
pressed as percentages. The Kruskal-Wallis test was used
to determine the statistical significance between the means
across groups for continuous variables. The chi-square test
and Fisher's exact test were used to determine the statistical
significance between the groups for categorical variables.
Statistical significance was set at P<0.05. SPSS version 16.0
(IBM SPSS, Chicago, IL, USA) was used for all analyses.

Results

The total cohort consisted of 86 women who underwent an-
tagonist cycle IVF due to various indications, and for whom
measurements of serum LH levels on the day of the trigger
were available (Fig. 1). The trigger administered was either
HCG (rHCG 250 pg or urinary HCG 10,000 IU) or decapepty!
0.2 mg s/c, or a combination of both. Table 1 shows baseline
characteristics and ovarian stimulation details. There were
no significant differences in the MIl oocyte recovery rate,
number of oocytes retrieved, or number of grade A embryos

5.0 1
4.0 1 —|_
e l
|
_§I‘ 3.0
g,
=2
=20 A
5
=
—I=
1.0
==
0.0 %‘ . . .
<0.5 0.5-1.0 1.0-15 >15

LH_4 groups 0.5_1.0_1.5
Error bars: 95% Cl

Fig. 1. Distribution of patients by serum luteinizing hormone lev-
els on the day of trigger. LH, luteinizing hormone; Cl, confidence
intervals.
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Table 1. Baseline characteristics and details on ovarian stimulation

LH <0.5 (n=8) LH 0.5-1.0 (n=12) LH 1.0-1.5 (n=13) LH >1.5 (n=53) P-value

Age (yr) 30 (6.0) 31 (5.0 32 (4.0 32 (4.0 0.594
BMI (kg/m’) 27 (7.0) 28 (6.0) 25 (3.0) 28 (5.0) 0318
Day 2 AFC 13(7.0) 2 (4.0) 12(6.0) 3(6.0) 0.568
Starting dose of gonadotropins (IU) 257 (93.0) 278 (57.0) 248 (77.0) 248 (65.0) 0.403
AMH level (ng/mL) 4.15(2.8) 3.51(2.1) 2.77(1.7) 3.36(2.7) 0.73
Gonadotropin dose (IU) 3,531 (1,133) 2,732 (762.0) 2,281 (938.0) 2,451 (736.0) 0.014
Trigger day LH (IU/L) 0.23(0.20) 0.76 (0.15) 1.23(0.14) 3.89(2.49) 0.0
Trigger day prog (ng/mL) 0.83(0.6) 0.73(0.67) 0.69 (0.59) 0.88 (0.74) 0.66
Oocyte retrieval rate 81(17.0) 82 (20.0) 90 (14.0) 84 (17.0) 0.693
MIl retrieval rate 87 (22.0) 89 (14.0) 77 (16.0) 76 (26.0) 0.243
E2 levels per Ml oocyte (pg/mL) 504 (87.0) 350(118.0) 431 (348.0) 463 (347.0) 0.309
No. of follicles more than 16 mm 9 (5.0) 8 (4.0) 8 (4.0) 7 (4.0) 0.95
Total number of oocytes retrieved 10 (5.0) 10 (6.0) 8 (5.0) 9 (7.0) 0.594
No of Mll retrieved 8 (5.0) 7 (4.0) 6 (3.0) 6 (4.0) 0.508
No. of grade A embryos 5(3.0) 4(3.0) 4(2.0) 4(2.0) 0.29
No. of grade B embryos 2(1.0) 3 1(1.0) 2(1.0) 0.289

Values are presented as number (%).

LH, luteinizing hormone; BMI, body mass index; AFC, antral follicle count; IU, international units; AMH, anti-mullerian hormone; MIl, mature

oocytess; E2, serum estradiol.

Table 2. Luteinizing hormonelevels and type of trigger

Type of trigger
- - - - Total
Triptorelin HCG trigger Dual trigger
LH <0.5 IU/L 0 4 (50.0) 4 (50.0) 8(100.0)
LH 0.5-1.0 IU/L 0 9 (75.0) 3(25.0) 12 (100.0)
LH 1.0-1.5 UL 0 1(84.6) 2(15.4) 13 (100.0)
LH>1.5IU/L 6(11.1) 8(71.6) 9(16.9) 53 (100.0)
Total count 6 62 18 86

Values are presented as number (%).

HCG, human chorionic gonadotropin; LH, luteinizing hormone; IU, international units.

retrieved in the different LH groups. All women with LH <1.5
received either a dual trigger or HCG based on the depart-
mental protocol and previous literature findings (Table 2). A
decreasing trend gonadotropin requirement was seen from
LH levels 0.5 IU/L to 1.5 IU/L, with a difference being statisti-
cally significant in the group with LH levels <0.5 and 1.0-1.5
IU/L (Fig. 2). The group with low LH levels required longer
days of stimulation although this difference was not statisti-
cally significant (Fig. 3).

A higher number of miscarriages were observed in women
with LH levels >1.5 IU/L on trigger day i.e., four out of a total
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of five reported miscarriages were seen in the group with LH
levels >1.5 IU/L and one in the group with LH levels=0.5-1.0
IU/L. Another important observation was that a greater
number of miscarriages in women i.e., 50% of the reported
miscarriages were seen in women with progesterone levels
<0.49 when the cases were divided into three groups based
on tertiles of progesterone tertile (serum progesterone on
day of trigger <0.49, 0.49-0.83, and >0.83 ng/mL).

The Ml retrieval rate did not show a significant relationship
with serum LH levels (Fig. 4). There were no significant dif-
ferences in the clinical pregnancy rate when women were di-
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Fig. 3. Relationship between serum luteinizing hormone levels
and total days of stimulation. LH, luteinizing hormone; SE, stand-
ard error.

vided according to the type of trigger administered or trigger
day LH levels (Tables 3, 4).

Similarly, no significant differences were observed in the
ongoing pregnancy and live birth rates, although these data
were not available for all women (data for ongoing preg-

www.ogscience.org

Ii

— |
-

<
~
I

Mean MII_retrival_rate
o
o
1

o
[N
1

0.0 T T T T
<0.5 0.5-1.0 1.0-15 >1.5
LH_4 groups 0.5_1.0_1.5
Error bars: 95% Cl

Fig. 4. Oocyte retrieval rare across the four groups. Mll, mature
oocytes; LH, luteinizing hormone; Cl, confidence intervals.

nancy rate were available in 14 cases and for live birth rate in
only five patients during the study period).

Discussion

LH levels during the follicular phase of an IVF cycle has al-
ways been a subject of interest. There is a paucity of clear
recommendations regarding whether LH levels in the late
follicular phase affect the outcomes of IVF cycles. A few
studies have demonstrated low pregnancy rates in women
undergoing antagonist IVF cycles with very low LH levels on
the day of the trigger [5,14]. By contrast, other studies have
shown no correlation between trigger day LH levels and the
outcome of an IVF cycle [16,17], especially embryo yield and
pregnancy rate. The pre-ovulatory increase in E2 leading to
a surge in LH levels triggers a series of reactions leading to
final oocyte maturation, including loss of gap junctions in
the cumulus and oocyte, cumulus expansion, breakdown of
germinal vesicles, and resumption of meiosis [20].

Our study had a limited sample size, and hence, we could
not demonstrate any significant correlation between serum
LH levels on the trigger day and IVF outcome i.e., the num-
ber of MIl oocytes, grade A embryos, or clinical pregnancy
rate. This could be because in all women with LH <1.5 IU/L,
the administered trigger was either a dual trigger or HCG,
and none of them received only a GnRH agonist as sole trig-
ger. Low levels of LH in antagonist cycles have been shown
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Table 3. Clinical pregnancy rate

Pregnancy status

Positive Negative Total
LH Levels
LH <0.5 3(0.0) 5(100.0) 8(100.0)
LH0.5-1.0 9 (44.4) 3 (55.6) 12 (100.0)
LH 1.0-1.5 10(76.9) 3(23.1) 13 (100.0)
LH>1.5 33(47.4) 20(52.6) 53 (100.0)
Total number 55 31 86 (100.0)

Values are presented as number (%).
LH, luteinizing hormone.

Table 4. Relationship of serum luteinizing hormone levels, type of trigger, and clinical pregnancy rate

LH<0.51U/L LHO0.5-1.0IU/L LH1.0-1.51U/L LH>1.5IU/L Total number of CPR
CPR with HCG trigger 3 9 9 19 41
CPR with GnRH agonist trigger 0 0 0 3 3
CPR with dual trigger 0 0 1 10 11
Total number 3 9 10 33 55

LH, luteinizing hormone; IU, international units; CPR, clinical pregnancy rate; HCG, human chorionic gonadotropin; GnRH, gonadotropin re-

leasing hormone.

to be associated with suboptimal oocyte yield and pregnancy
rates [13,14]. Keeping in mind these observations, as a de-
partmental policy, we normally administer either HCG or dual
trigger in women whose LH levels are below 1.0 IU/L on the
day of the trigger. Previous studies showed that if GnRH ago-
nist trigger was used alone in women with low LH levels, the
outcome of an IVF cycle is poor [14]. Various strategies have
been proposed to overcome LH over suppression and its det-
rimental effects on the antagonist cycle. One such measure is
the addition of low-dose HCG (Inj. HCG 1,500-2,000 IU, IM,
along with Inj. GnRH analog). This is safe and prevents the
risk of ovarian hyperstimulation, and provides optimal levels
of LH for final oocyte maturation [14]. We followed this pro-
tocol in all cases with trigger-day LH levels of <1.0 IU/L. An-
other proposed measure is the use of progesterone-primed
ovarian stimulation instead of an antagonist to control LH
surge. Progesterone prevents endogenous LH surges while
maintaining LH levels >1.8 ng/mL [21,22]. Luo et al. [23],
investigated trigger day LH levels in agonist and antagonist
cycles and concluded that trigger-day LH levels were more
often suppressed in agonist cycles and correlated with preg-
nancy outcome, but in the antagonist group this correlation
was seen only in a subgroup of advanced age women and
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those with excessively suppressed LH levels. Therefore, it is
worth considering the addition of HCG or LH in women with
profoundly suppressed LH levels on trigger days [23].

Similarly, a high rate of miscarriage correlated with very low
LH levels on trigger days [13]. In our study, there was a trend
towards a high number of miscarriages in the group with LH
levels >1.5; however, due to a small sample size in this sub-
group significant conclusions could not be drawn. Only one
miscarriage occurred in women with LH <1.5, whereas the
remaining four occurred in women with LH >1.5. In addition,
increased miscarriages were observed in women with very
low progesterone levels, which might indicate inadequate
luteal support in these women. However, this data need to
be validated in studies with a larger sample size. Low fol-
licular phase LH levels lead to low estradiol levels, a poor
luteal phase, and reduced ability to form a viable conceptus.
Previous studies showed that low serum LH levels on the day
of the trigger were correlated with an increased risk of mis-
carriage, although it is difficult to define the threshold below
which the risk of miscarriage increases in women undergoing
antagonist IVF [13]. Further, no significant differences were
found in either group in the trigger day LH levels, the type of
trigger administered, and clinical pregnancy rate.
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Our study did not find a significant relationship between
serum LH levels, MIl retrieval rates, and clinical pregnancy
rates. The group with low LH levels required slightly longer
days of stimulation and higher doses of gonadotropins. Fur-
ther, women with LH levels >1.5 IU/L on trigger day had a
trend for significantly higher number of miscarriages. Future
adequately powered studies with larger sample size, and ran-
domized design are needed for more robust conclusions.

1. Limitations

Due to the small number of participants in the study and a
short follow-up period, we could not reach statistically sig-
nificant conclusions.
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