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ABSTRACT		
The role of follicle stimulating hormone (FSH) in assisted repro
ductive technology is well understood, though there is still no
published consensus on the need for exogenous luteinizing
hormone (LH) in controlled ovarian stimulation. There is a
dilemma regarding the usefulness of LH supplementation in
controlled ovarian stimulation despite growing understanding
of the LH and FSH interrelation and their effects on fertilization
and implantation. This review revisits the physiological role of
LH, LH receptors and the concept of LH therapeutic window.
With the availability of LH activity from different sources, there
is a need to understand the differences between recombinant
human LH (r-HLH), human menopausal gonadotropin and
human chorionic gonadotropin (hCG). It has been observed that
adjuvant r-HLH provides precise control over the dose of LH
bioactivity administered to target the therapeutic window. This
review discusses about the various patient subgroups that may
benefit from LH supplementation. The use of r-HLH is recom
mended in women with poor response in a previous cycle or
suboptimal follicular growth in an ongoing ovarian stimulation
cycle by day 6 to 8 of stimulation. Exogenous LH administra
tion should also be considered in women at risk of suboptimal
response, specifically age > 35 years and women treated with
GnRH analogues (agonists or antagonists) during ovarian
stimulation causing over suppression of endogenous LH and
FSH pituitary secretion. Further research is needed to identify
LH polymorphisms, adequate dosing, cost efficacy, need for
rLH and hCG supplementation in different patient profiles for
maximum benefit during controlled ovarian stimulating (COS).
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Introduction		
The anterior pituitary secretes the major hormone relea
sing factors—follicle stimulating hormone (FSH), luteini
zing hormone (LH), thyroid-stimulating hormone (TSH),
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and adrenocorticotropic hormone (ACTH) along with
growth hormone (GH) and prolactin. Follicle stimulating
hormone and LH have markedly different functions in
the control of ovarian physiology though secreted from
common cells. The control of FSH and LH is through a
combination of differential control of their synthesis and
secretion by gonadotropin-releasing hormone (GnRH).
As an oocyte matures within a follicle, a myriad of
complex hormonal events take place, particularly during
the follicular phase. The two gonadotropins LH and FSH
play distinct but complementary roles in ensuring folli
cular growth and ovulation. These two gonadotropins
are active in the final weeks of the development of a
mature surviving oocyte, with initiation of folliculogenesis
occurring independently of gonadotropic stimulation.
Secretion of LH and FSH in an orderly fashion is therefore
crucial to the final development of a mature oocyte.
Although, recent studies have facilitated better under
standing of the LH and FSH hormone interrelation and
its effect on fertilization and implantation, there is still
confusion on the usefulness of LH supplementation in
controlled ovarian stimulation. Therefore, the use of recombinant human LH in controlled ovarian hyperstimulation
(COH) should be guided by a rationale that is based on
the individualized patient profile and requirements. The
concept of an LH therapeutic window has implications for
the choice of LH supplementation in assisted reproduc
tion technology. Endogenous LH production is pulsatile
and occurs in response to the pulsatile release of GnRH
from the hypothalamus. The most physiological way to
maintain LH concentrations is to utilize endogenous LH
secretion.

Physiological role of
Luteinizing Hormone
Follicle stimulating hormone and LH both are glycopro
teins that share identical a subunits along with TSH and
placental human chorionic gonadotropin (hCG) differing
only in the structure of their b subunits, which confers
receptor specificity. Luteinizing hormone is required
for the growth of preovulatory follicles, ovulation and
luteinization of the dominant follicle. The LH receptor
luteinizing hormone receptor (LHR) gene is expressed
in granulosa cells of human antral follicles throughout
the follicular phase and is significantly associated with
expression of the CYP19a1 gene and with the corresponding
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and also increases LH receptors on granulosa cells. The
preovulatory LH surge drives the oocyte into the first
meiotic division and initiates luteinization of theca and
granulosa cells. The resulting corpus luteum produces
high levels of progesterone and some estrogen.

Therapeutic LH Window

Fig. 1: Luteinizing hormone receptors in different stages
of folliculogenesis

follicular fluid concentrations of estradiol and progester
one. Luteinizing hormone receptor gene is expressed in
human granulosa cells from around a diameter of 5 to
6 mm and until ovulation. Luteinizing hormone receptor
expression peaks in granulosa cells just before initiation
of the midcycle of gonadotropins and may affect human
follicular development earlier than previously believed.
In small antral follicles with a diameter of 3 to 10 mm,
around 80% express LHR; exhibiting strong positive asso
ciations to estradiol, progesterone, AMH, and inhibin-B in
the corresponding follicular fluid, suggesting that func
tional receptors are present on the granulosa cells1 (Fig. 1).
The FSH receptors are present over the granulosa
cells. The ovarian theca and granulosa cells are the prin
cipal sites of LH bioactivity, although LH receptors are
also present in extragonadal sites, such as the uterus.2
During the follicular phase of the menstrual cycle, LH
induces androgen synthesis by theca cells that is essen
tial for robust steroidogenesis; stimulates proliferation,
differentiation, and secretion of follicular theca cells

Luteinizing hormone in association with FSH is recom
mended for stimulating follicular development in women
with severe LH and FSH deficiency with an endogenous
serum LH concentration <1.2 IU/l. According to the
threshold theory of LH in ovarian function, the ovarian
follicle requires a minimal amount of LH for steroido
genesis (< 1% of receptors attached by LH). There is also
a ceiling beyond which excessively high concentrations
of LH may actually suppress granulosa aromatase activity
and inhibit cell growth. The LH ceiling is dependent on
timing of the menstrual cycle but for optimal follicle
development, this concentration is typically between
1.2 IU/l and 5 IU/l.3
The LH dependent phase of preovulatory follicular
development proceeds normally only if LH is present at
concentrations within the LH window, which is above
the threshold level and beneath the ceiling value. The
developing follicles have specific requirements for
exposure to LH beyond which normal maturation ceases
which gave rise to the concept of LH ceiling, meaning
that each follicle would have an upper limit of stimula
tion. The LH ceiling may be higher in larger follicles and
lower in smaller ones. As a consequence, an increasing
LH concentration would promote leading follicle pro
gression (being below its ceiling) and degeneration of
secondary ones (by overcoming their ceiling). A dynamic
interplay between LH secretion and receptor expression
by different ovarian compartments governs the selection
of dominant follicles. The small follicles in granulosa
cells do not express LH receptors so LH may indirectly
promote their degeneration. It should be recognized that
the LH threshold evolves through the follicular cycle

Fig. 2: Impact of different concentrations of luteinizing hormone on the menstrual cycle
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and conceptually should become higher as the follicles
grow4 (Fig. 2).
The usefulness of exogenous LH in ovarian stimula
tion protocols in assisted reproduction continues to be
controversial. Though there are no clear guidelines on
when exactly LH needs to be added. It is critical that
add-back LH is administered in appropriate patients as
excess of LH can cause suppression of granulosa cells
and follicular atresia.

Two-cell, two-gonadotropin concept
Follicle stimulating hormone is essential for follicular
recruitment and development, as well as for inducing
many enzymes and hormones (e.g. aromatase, inhibin)
that are subsequently controlled by LH and required
for continued follicle maturation.5 LH stimulates ade
nylate cyclase and cyclic AMP production resulting in
mitochondrial cholesterol transport and steroidoge
nesis, essential events leading to oocyte maturation and
ovulation.6 Not only does LH play an important function
in the periovulatory and ovulatory events within the
ovary, but also LH receptors have been identified in the
human endometrium, raising the possibility that LH has
a necessary function in implantation.7
Luteinizing hormone seems to play two roles during
folliculogenesis. One is exerted in the theca compartment
and consists of induction of androgen production. The
second begins during the intermediate follicular phase,
involves granulosa cells, and consists of inducing the local
production of various molecules. These factors promote
the growth of granulosa cells, which in turn regulate
oocyte maturation. These two mechanisms are closely
related and probably support each other. According to
the so-called ‘spare receptor hypothesis’, at a time when
inhibin B and IGF-1 are adequately secreted, androgen
synthesis and release are optimal even with < 1% of LH
receptors occupied.3
Luteinizing hormone optimizes final stages of matur ation. FSH stimulated estrogen production from

Fig. 3: Two cell, two gonadotropin theory

the granulosa cells is dependent on LH stimulated
androgen production by the theca cells. This is not fully
functional till later part of antral development. Theca
cells are characterized by expression of LH receptors, 3b
hydroxy steroid dehydrogenase and cyp-P450c 17 essen
tial for internalizing LDL cholesterol into mitochondria
and thereby converting 21 carbons to androgens. The
steroidogenic acute regulatory protein (StAR protein) is
the primary regulator of production of androstenedione,
which subsequently diffuses into granulosa cells to serve
as an estrogen precursor. In the preovulatory follicle, cho
lesterol in theca cells arises from circulating lipoproteins
and de novo biosynthesis.8
Granulosa cells express FSH receptors and cyp-450
aromatase to convert androgen substrate from theca into
estrogens. Increased expression of aromatase indicates
increased follicular maturity. Exclusive function of P450c
17 in theca cells and aromatase in granulosa cells is the
basic principle of 2-cell 2-gonadotropin theory.
Pure FSH treatment causes early development of fol
licle, but estradiol production is limited. Some aromati
zation occurs from the androgens of adrenal glands, but
robust steroidogenesis is not possible. Only dominant
follicle with more FSH receptors, high aromatase acti
vity and robust steroidogenesis is selected as dominant
follicle. Following the mid-cycle LH surge, granulosa cell
mitosis is blocked, and oocyte meiosis is resumed (Fig. 3).
The best evidence for a critical role of LH in ovulation
induction has come from studies evaluating pregnancy
outcomes in women with hypogonadotropic hypogo
nadism (WHO class I). In the presence of low endogenous
LH production, particularly among women with LH
concentrations < 1.2 mIU/ml, studies utilizing FSH alone
for ovulation induction have found poor pregnancy out
comes.9 Consequently, both FSH and LH supplementation
appear to be critical for optimal follicular development,
implantation and pregnancy. At the other extreme,
elevated LH concentrations have likewise been associated
with poor fertilization, poor implantation and detrimental
effects on pregnancy rates. While insufficient LH results
in inadequate steroidogenesis, excessive LH may suppress
aromatase activity and inhibit cell growth. Taken together,
this evidence supports the theory that a therapeutic
window exists for LH, above or below which maximum
reproductive outcomes may be negatively impacted.6
Luteinizing hormone administration may induce
atresia of smaller follicles and the remaining larger
follicles may represent those with greater reproductive
competence. Improved endometrial receptivity may also
be produced as implantation rates have been shown to
positively correlate with increasing doses of LH.10
Nevertheless, whether the LH component of human
menopausal gonadotropins (HMG) for ovarian stimulation
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is advantageous, disadvantageous or inconsequential to
the ultimate outcome of interest, pregnancy rates, has
been a matter of controversy.

Luteinizing Hormone: DIFFERENT FORMS
It is clear that there is no absolute requirement for
LH in the exogenous gonadotropin used for ovarian
stimulation, but it has potential advantages in definable
situations. Until recently, the only available source of
exogenous LH activity has been HMG, a urine-derived
preparation containing both FSH and LH, which comprises
about 5% of the total protein content. Luteinizing Hormone
activity can currently be derived from HMG preparations,
urinary hCG, recombinant LH and recombinant hCG.

Role of Human Menopausal Gonadotropins
Human menopausal gonadotropins are urinary-derived
gonadotropins containing roughly equivalent amounts
of LH and FSH bioactivity (approximately 75 IU of
each). For many years, HMG was the only gonadotropin
available. Despite their widespread use, there have been
several proposed disadvantages of these compounds,
including protein contamination leading to local allergic
reactions and batch-to-batch inconsistencies, as well as
supply limitations. Despite significant improvements in
processing, different HMG preparations are subject to
wide variation in LH quantity and bioactivity and with
increased purification, more LH is lost. Thus, hCG is
often added in an attempt to boost the LH bioactivity to
meet the required LH activity range (FSH:LH ratio = 1:1)
as stated in the pharmacopoeia. This may result in the
end product having much more hCG than LH activity.
The Van Hell bioassay of HMG only detects LH bio
activity and does not distinguish LH from hCG. Analysis
of one HMG product (Menopur) showed that the content
of hCG was more than 10 times higher than LH. Another
analysis also showed that about 95% of the LH receptor
bioactivity in one HMG product (Menopur) was attri
buted to hCG, with less than 5% contributed by pure LH.11
Owing to the controversial nature of the topic, in the
past decade, five meta-analyses have contributed to the
current understanding of the effect of HMG compared
with FSH-only protocols on assisted reproduction out
comes.12,13
With regard to the type of pituitary down-regulation,
data showing that HMG cycles yield a 3 to 4% higher live
birth rate than rFSH-only cycles have come from trials
utilizing long GnRH agonists.13 In a single randomized
controlled trial comparing HMG to rFSH while using a
GnRH antagonist, Bosch et al demonstrated a 3% higher
live birth rate in the HMG group. However, this finding
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was not significant as even though the similar increase
in live birth rates is notable, the data on HMG use in
GnRH antagonist cycles is too limited to make definitive
conclusions.14
The studies have estimated that HMG protocols
may provide a 3 to 4% but significant improvement
in live birth rate compared with rFSH-only protocols
when a long GnRH agonist protocol was utilized. While
statistically significant, the clinical significance of this
finding remains controversial. An important patient
consideration has been that significantly fewer ampoules
of gonadotropins were required among those receiving
HMG as compared with rFSH-only protocols, resulting
in a lower cost per live birth in the HMG group without
compromising patient safety. With the potential for lower
treatment costs, there seems to be a benefit to the inclu
sion of HMG in treatment protocols.15

Role of Recombinant Human LH
Recombinant human FSH (r-HFSH) replacement has been
used in ovarian stimulation protocols since its approval
in 1994. There is increasing interest in exploring the role
of LH and its optimal use in relation to assisted repro
duction. With the availability of recombinant LH (rLH),
stimulation protocols have incorporated its use in place
of HMG. Pharmacodynamic studies of rLH have shown
it to have a similar volume of distribution, half-life and
bioactivity to urinary products. These profiles have not
differed whether rLH was administered sc or im and
have not been shown to affect FSH pharmacodynamics
when coadministered. Since LH has a precise therapeutic
window, the physician needs to have precise control over
the activity of exogenous LH administered. rLH is analo
gous to endogenous LH and characterized by high purity,
precision of dosing and consistency. When administered
by subcutaneous injection, rLH has a terminal half-life
of 24 hours. rLH is structurally and functionally analo
gous to endogenous human LH. In a RCT with patients
with a suboptimal response to stimulation with a long
GnRH agonist stimulation protocol that compared adding
higher doses of rFSH vs adding rLH or HMG, those given
rLH had higher live-birth rates (40.7%) than those given
HMG (18%). The rLH group also had higher implantation
rates. The authors speculated that the differences between
the two preparations could produce different biological
effects in women who exhibit a suboptimal response to
FSH and concluded that using rLH is justified if better
outcomes can be achieved.9,16,17
While some advocate add-back LH to the mid-folli
cular phase in ovarian stimulation cycles, others deem
add-back LH to be unnecessary, justifying that the small
amount of LH present after down regulation is enough
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to sustain theca and granulosa cell stimulation.18 How
ever, supplementation with rLH has shown lower levels
of cumulous cell apoptosis than treatment with FSH
alone, possibly indicating improved oocyte quality in
LH-supplemented cycles. The decreased granulosa cell
apoptosis in the rLH group might be the result of lower
levels of follicular fluid vascular endothelial growth
factor; marker of maturity and quality of oocytes that
is produced by granulosa and theca cells in response to
FSH, LH, hCG and proliferative and apoptotic factors.19, 20
The importance of LH supplementation in studies
of ovulation induction has been shrouded by conflic
ting data. The best evidence for a critical role of LH in
ovulation induction has come from studies evaluating
pregnancy outcomes in women with hypogonadotropic
hypogonadism. In the presence of low endogenous LH
production, particularly among women with LH con
centrations < 1.2 mIU/ml, studies utilizing FSH alone
for ovulation induction have found poor pregnancy out
comes.9 Consequently, both FSH and LH supplementation
appear to be critical for optimal follicular development,
implantation and pregnancy.21
On the other hand, elevated LH concentrations have
been associated with poor fertilization, poor implanta
tion and detrimental effects on pregnancy rates. While
insufficient LH results in inadequate steroidogenesis,
excessive LH may suppress aromatase activity and inhibit
cell growth. Taken together, this evidence supports the
theory that a therapeutic window exists for LH, above or
below which maximum reproductive outcomes may be
negatively impacted.6
The larger randomized controlled trials have been
published on the use of recombinant LH supplementation
from day 6 in long agonist protocols and recombinant LH
supplementation from day 1 of stimulation in antagonist
protocols. These trials have failed to document that serum
LH concentrations during stimulation or the addition of
recombinant LH have overall clinical benefits in terms
of higher pregnancy rates. However, LH concentrations
were related to endpoints like duration of stimulation,
gonadotropin consumption, number of oocytes ret
rieved, estradiol and preovulatory progesterone rises
in many studies. This suggests many highly significant
associations but no association with the key endpointpregnancy. The overall conclusion is that, irrespective
of protocols, circulating LH concentration is a predictor
of various important parameters. Data suggest that like
HMG, rLH results in higher estradiol concentrations and
decreased usage of rFSH, but it does not demonstrate con
vincing evidence that rLH improves pregnancy outcomes
over rFSH alone.14,22
There are several possible explanations for why there
may be demonstrable evidence of benefit with HMG but

not when utilizing rLH. First, the studies performed to
date utilizing rLH have had much smaller patient popula
tions. Secondly, the studies evaluating rLH represented
a much more heterogeneous group than those evalu
ating HMG. Thirdly, rLH and HMG may differ in their
biological activity due to differences in LH glycosylation
patterns and because of the addition of hCG in HMG.
Finally, because of the fixed ratio of LH:FSH found in
HMG, any addition of LH is coincident to the addition
of FSH. Finally, due to its cost, studies have estimated
that rLH may add 45% to the cost of ovarian stimulation
despite the reduction in rFSH use.

Role of hCG in the mid-to-Late Follicular Phase
Luteinizing hormone and hCG are structurally quite
similar and bind to the same receptors. However, their
beta subunits are different. The two hormones differ in
the composition of their carbohydrate moieties that, in
turn, affects bioactivity and half-life. Except for the CTP
on the beta-subunit of hCG (amino acids 113-145), the
two hormones share more than 85% sequence homology.
Relative to hLH, the serum half-life of hCG is more than
twofold greater. hCG is more stable with slower plasma
metabolic clearance rate. hCG has a higher binding
affinity to the LH receptor, with 1 IU hCG having bio
logical activity approximately 6 to 8 times greater than
1 IU LH. After subcutaneous injection, hCG exhibits a
longer serum half-life, thus leading to the possibility of
significant accumulation over time.10

hCG/HMG may induce LH receptor internalization
A recent study comparing stimulation with HMG vs
r-HFSH in women undergoing IVF/intracytoplasmic
sperm injection treatment found statistically significantly
reduced expression of LH receptor messenger RNA in
ovarian granulosa cells in the HMG group, which was
associated with altered expression of genes and proteins
involved in steroidogenesis in preovulatory granulosa
cells.23
These studies show that hCG is not equivalent to
LH and there are effects at the level of LH receptor
internalization, which may explain why there is ‘toler
ance’ or a lack of effect. Finally, it is known that there
is a LH ceiling associated with the use of rLH. Hugues
et al established that in World Health Organization type II
anovulatory women undergoing follicular stimulation,
this LH ceiling was > 60 mcg or 1325 IU rLH/day when
these women showed atresia of non-dominant follicles,
elevated progesterone concentrations and reduced clini
cal pregnancy rates.24
The role of hCG as a supplement to FSH in the late follicular phase—in long and short agonist and antagonist
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protocols has been reviewed in a recent meta-analysis of
nine studies. From the four treatment strategies defined in
the analysis, hCG supplementation in the GnRH antago
nist group was associated with a nonsignificant benefit
in clinical pregnancy rate. A pilot study which compared
the effect of hCG supplementation exclusively in GnRH
antagonist cycles, found comparable rates of oocyte
yield and pregnancy in the hCG and control groups,
but a reduction in FSH consumption in the former. Four
randomized trials demonstrated that the use of hCG in
the mid-follicular phase could significantly reduce FSH
dosage without a reduction in pregnancy rates and may
represent a decrease in stimulation-associated costs.
However, these studies were not powered to detect preg
nancy or live birth rates as primary endpoints.18
The current evidence suggests that hCG or LH in the
mid-to-late follicular phase can support continued folli
cular progression and estradiol production in the face
of partial or complete FSH withdrawal. The potential
advantage of this protocol is the consumption of less
FSH for ovarian stimulation, potentially leading to a cost
saving. However, convincing cost analyses of mid-cycle
hCG protocols are lacking. The data show mid-cycle hCG
to be equivalent to FSH protocols and no advantages to
outcomes have been reported. Before widespread use,
larger studies are needed to evaluate pregnancy and live
birth rates.25

ROLE OF LH IN ASSISTED REPRODUCTIVE
TECHNOLOGY
Exogenous LH and ART outcome in
unselected population
There is no evidence that supplementation with LH
activity is necessary in an unselected IVF population, it
may yet be beneficial in select subgroups of patients who
usually need high doses of FSH.
A meta-analysis of four randomized controlled trials
comparing r-hFSH and HMG treatment in normogona
dotropic patients undergoing a GnRH-a long protocol
failed to show any statistically significant difference in
the ongoing pregnancy rates and live birth rate. In a metaanalysis utilizing GnRH antagonist, an increase in peak
estradiol concentrations and a higher number of mature
oocytes but no benefit in implantation and pregnancy
rates is noted.26
Another meta-analysis comparing r-HFSH vs r-HFSH
plus rLH ovarian stimulation showed that for unselected
patients undergoing assisted reproduction technology
there is no difference between the two treatments in
live birth rate and does not recommend adding LH to
unselected patients (age <35 years). However, the authors
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mentioned that their conclusion should be interpreted
with caution, as it was not statistically significant.27
Hence, the present evidence is insufficient to prove
that LH administration in unselected groups is associ
ated with any significant improvement in the IVF/ICSI
outcome parameters like implantation and pregnancy
rates, when compared with rFSH only stimulation.18

Exogenous LH and ART outcome in
selected population
Severe Endogenous Lh Deficiency
Luteinizing hormone polymorphism contributes to
severe endogenous LH deficiency. The LH receptor gene
is known to carry as many as 282 single-nucleotide
polymorphisms (SNPs). A common genetic LHb variant
(v-bLH) owing to the alterations in two polymorphic base
changes in the b subunit gene leading to changes in the
amino acid sequence, Trp8Arg and Ile15Thr has been
identified. It was earlier thought to be an immunological
anomalous LH form.28
The shorter half-life of v-bLH may be linked to the
presence of extra glycosylation signal into the b subunit
that could lead to an addition of second oligosaccharide to
Asn13 of the b protein. It has been found that there is more
potency of the overall LH activity of v-bLH at the recep
tor site; however, its duration is shorter in vivo. Previous
clinical trials conducted to determine the impact of this
variant on reproductive health reported its association
with ovulatory disorders, premature ovarian failure,
hyperprolactinemia, luteal insufficiency, menstrual dis
orders, endometriosis and infertility. A few studies have
noted low response in some women following ovarian stimu
lation, resulting in a greater need for r-hFSH (> 2,500 IU)
due to the presence of v-bLH. Based on the findings, the
researchers suggest the potential of v-bLH as a marker of
ovarian responsiveness to r-hFSH. This role of v-bLH, if
validated with further research, could facilitate clinicians
in identifying patients requiring exogenous LH addition
during ovarian stimulation.29
Hypogonadotropic hypogonadism (WHO class I)
impairs pituitary neuroendocrine function that results
in abnormally low LH and FSH concentrations. Such
patients typically have amenorrhea with small ovaries
having follicles in arrested development due to the lack of
effective hypothalamic-pituitary activity. These women
do not have sufficient endogenous LH for optimal folli
cular growth and steroidogenesis when treated with
FSH alone and will typically benefit from FSH and LH
for optimal follicular development.
Hypophysectomized animal studies and studies in
hypogonadotropic hypogonadism women confirm that
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r-HFSH increases follicular growth in a dose-dependent
manner, but is ineffective in stimulating synthesis of
estradiol due to the extremely low or near-undetectable
endogenous LH concentrations. The role of LH in hypo
physectomized women and in women with isolated gona
dotropin deficiency has been reviewed and concluded
that although r-HFSH increases the growth of multiple
ovarian follicles, serum LH, androstenedione and estra
diol concentrations remain low or show only negligible
increase.6,16,21
The reviews confirm that LH is physiologically
essential for estradiol synthesis and that replacement to
above the minimal threshold concentration is necessary
in women with inherent gonadotropin insufficiency.

Severe Lh Deficiency due to Suppression by
Gnrh Analogs in Assisted Reproduction
Technology
Women treated with GnRH analogs (agonists or antagonists) during ovarian stimulation in IVF, may
similarly experience severely reduced LH and FSH
concentrations due to over suppression of endogenous
LH and FSH pituitary secretion. In some patients, the
suppressed baseline LH concentrations may reach
levels seen in hypogonadotropic hypogonadism women
(i.e. < 1.2 IU/l). However, not every patient undergoing
ovarian stimulation requires exogenous LH replacement,
as endogenous production of small amounts of LH may
remain sufficient for theca cell function. The studies show
poorer outcomes among those patients who have a lower
LH concentration or a sharper fall in LH from baseline
concentrations and in patients whose endogenous LH is
low after GnRH agonist treatment.30
A randomized trial in oocyte donors that compared
r-HFSH vs r-HFSH combined with rLH in an antagonist
protocol showed a significantly higher metaphase-II
oocyte count, fertilization rates, grade 1 embryos and
implantation rates, in recipients whose embryos origi
nated from donors receiving added rLH than in donors
receiving GnRH antagonist and r-HFSH alone. Future
research is required to lend further support to the use of
adjuvant rLH in patients on antagonist ovarian stimula
tion protocols.31
There may be a role for other biomarkers, e.g. LH
polymorphisms, such as the LH beta variant in further
identifying LH-deficient patients.28 Another way to
identify the severely LH-deficient patient is to look at the
ovarian response to FSH stimulation. Supplementation of
LH may benefit selected women with LH deficiency and
suboptimal ovarian response during assisted reproduc
tion technology as measured by clinical end-points, such
as estradiol concentrations and follicular development.

The evidence for addition of rLH to rFSH in antagonist
protocols for ovarian stimulation is still being accumu
lated and more research is needed.
However, we must remember that early overexposure
of LH in ovarian stimulation can result in premature
follicle luteinization of small follicles and follicular
atresia leading either to cycle cancellation due to follicle
maturation arrest or to poor-quality oocytes, all of which
translates into severely compromised outcomes.

Poor responders
Poor ovarian reserve is estimated to occur in around 26%
of the ART procedures. Evidence indicates that rLH and
r-hFSH coadministration in these patients may help in
improving ongoing pregnancy rates in poor responders
and women of advanced age.14,20,32
On the contrary, some recent studies concluded that
there is an insufficient evidence to validate the effective
ness of rLH in subjects with poor response undergoing
ART.33
Some clinicians use a short GnRH agonist or micro
flare protocol in some of their older or poor-responder
patients. There is substantial evidence of a benefit of add
ing rLH to women who have a poor response to ovarian
stimulation, including poor response in a previous cycle;
and a suboptimal ovarian response with suboptimal follicular progression in a current cycle by days 6 to 8.20

Patients at risk of hyporesponse
during ovarian stimulation
In an ongoing COH cycle, there is a group of patients who,
after using suppressive GnRH analogs (either agonists
or antagonists), develop severe LH deficiency and exhibit
a suboptimal ovarian follicular response by days 6 to 8.
A review defines this suboptimal ovarian response as:
(i) having no follicle > 10 mm by day 6; (ii) low estradiol
concentration < 200 pg/ml by days 6; and (iii) poor pro
gression or slowing of follicle growth, i.e. previously
1 to 2 mm progression/day slowing to less than 2 mm in 3
days. There is an opportunity in this group of patients to
salvage the ongoing cycle through rLH supplementation.
When compared with increasing r-HFSH dose, adding
rLH on days 8 was associated with a better cumulative
implantation rate (14.2 vs 10.5) and cumulative pregnancy
rate (37.2 vs 29.3).20,34,35
There are recommendations for the use of LH supple
mentation in the ongoing cycle for patients with a his
tory of prior poor response and patients who exhibit a
subo ptimal response during long agonist ovarian
stimulation protocols. There is a possibility to opti
mize the ovarian response in both these patient groups
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through the addition of rLH.20,34 Thus, LH supplemen
tation seems appropriate for poor responders where
it restored the follicular and endometrial milieu and
improves the cycle outcome.

to add-back LH will depend on clinical tests and equip
ment available. The monitoring of follicular progression,
estradiol concentrations and endometrial thickness as a
clinical measure of LH response is suggested.14,15

Advanced Reproductive Age

FSH/LH ratio

A recent systemic review and meta-analysis concluded
that the inclusion of rLH to FSH stimulation enhanced the
clinical pregnancy and implantation rates in ART cycles
in patients aged greater than or equal to 35 years. Similar
results were reported in many other randomized trials.
Similarly, a Cochrane review reiterated the usefulness
of rLH in poor responders and advanced aged women
at risk of spontaneous miscarriage.14,15,30,32
A retrospective observational study evaluating ART
patients undergoing stimulation with an antagonist
procedure reported clinical pregnancy success of 36%
for patients aged more than 38 years treated with r-hFSH
and rLH compared with 19.1% for those stimulated with
r-hFSH and HMG. An open-label randomized controlled
study found that rLH is beneficial in improving the
implantation rate in women aged 36 to 39 years, but not
so in those younger than 36 years of age. This might be
due to the fact that the serum androgen levels decline
steeply with age, as does the response to FSH stimu
lation. Change in LH receptors of theca cells with age
renders ovaries less sensitive to LH. Hence, exogenous LH
administration enhances follicular androgen production
followed by its aromatization to estrogen. It also controls
progesterone production by granulosa cells, which is also
FSH dependent (Fig. 4).
Based on these clinical studies and personal clini
cal experience, starting adjuvant rLH on either day 1 of
stimulation or days 6 to 8 may be beneficial in patients
older than 35 years in long agonist or antagonist pro
tocol ovarian stimulation. Monitoring of the response

Day-3 gonadotropin and estradiol testing is typically
included in the evaluation of ovarian reserve and the
prediction of response to ovarian stimulation. Several
authors have proposed utilizing the basal FSH:LH ratio
as a predictor of ovarian response and ART success.
Some did not find any differences in outcomes between
patients with an FSH:LH ratio > 3:1 vs those < 3:1. This is
in contrast to several other retrospective studies which
have shown significantly better outcomes in patients
with an FSH:LH ratio < 3:1, with more oocytes retrieved,
more metaphase-II oocytes, higher fertilization rates and
increased pregnancy rates. Orvieto et al retrospectively
evaluated patients with FSH:LH ratios of > 2:1 and > 3:1
who had undergone treatment with two assisted cycles,
once with an HMG-only protocol and once with rFSHonly protocol. When the HMG cycles were compared
with rFSH cycles, the HMG cycles resulted in significantly
higher peak estradiol, a higher oocyte maturity rate,
better embryos, a higher implantation rate and a higher
clinical pregnancy rate. However, these studies are retrospective and there is no randomized controlled data to
demonstrate if the use of LH is beneficial for patients
with an elevated FSH:LH ratio. More research is required
to determine if precycle testing can yield predictors that
identify patients most likely to benefit from additional
exogenous LH.36

Fig. 4: Change in luteinizing hormone receptors of ovaries with
advancing age
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Polycystic Ovary Syndrome
The detrimental impact of this endocrinological dis
order is linked to hypersecretion of LH and ovulatory
dysfunction. Increased LH with elevated LH:FSH ratio
is a characteristic of PCOS. Waldstreicher et al demonstrated that women with PCOS have persistently rapid
LH (GnRH) pulse frequency, in the order of one pulse
per hour, without the normal cyclic variation seen in
ovulatory women. The persistently rapid LH pulsatility,
characteristic of PCOS probably signifies a failure of the
systems necessary to suppress GnRH pulsatility, rather
than representing an acceleration of the GnRH pulse gen
erator. The mRNA expression of LH receptor is excessive
in Granulosa cells of antral follicles causing premature
action of LH in PCOS. Temporary normalization occurs
in the late luteal and early follicular phase before proges
terone induced bleeding. These are some of the proposed
explanations though the exact role of LH in PCOS is yet
to be confirmed.
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Studies have found that such women are associated
with poor fertilization, oocyte quality and embryo qua
lity, which could be due to underlying mechanisms, such
as androgen excess induced by LH. However, contrary
to previous belief, it is now clear that hyperinsulinemia
and not LH hypersecretion plays a vital role in polycystic
ovary syndrome (PCOS) pathogenesis. Adding LH in this
scenario would lead to OHSS and hence LH should be
avoided.37 Studies have also demonstrated that in patients
with polycystic ovary syndrome, supplementation with
225 IU or 450 IU rLH in the late phase decreased the
number of follicles on the day of HCG administration
compared with placebo.38
Thus, the role of LH in PCOS is still not clearly under
stood. In practice, individual patient response should be
assessed and LH may be added in hyporesponders or
severely down regulated patients with caution. There
may be a role of exogenous LH in late follicular phase in
a select group of steady responders.

Exogenous LH supplementation in
Asian population
There are wide variations in ovarian response in patients
so the treatment regimes tailored to individual patient
phenotypes and based on sound paracrine principles
are more likely to achieve positive outcomes. Asian
assisted reproduction practitioners make use of both long
agonist and antagonist protocols for ovarian stimulation.
Published literature on the beneficial effects of exogenous
LH in patients with previous suboptimal response or low
baseline serum LH concentrations is more extensive in
long agonist protocols.20,34
The recommendations based on literature review and
expert opinion regarding exogenous LH apply mainly
to the use of GnRH agonists. The evidence for addition
of rLH to r-HFSH in antagonist protocols for ovarian
stimulation is inconclusive and future studies are awaited
(Table 1).18

Dose and timing of initiation of r-HLH
The dose of r-HLH in hypogonadotropic hypogonadism
patients as stated in the summary of product characteris
tics for r-HLH is 75 IU combined with 150 IU of r-HFSH,
i.e. a 2:1 ratio of FSH to LH. In patients undergoing
assisted reproduction technology with prevention of LH
surge using GnRH analogs, most of the published studies
on the combination of rLH and r-HFSH in suboptimal
responders used rLH doses of 75 to 150 IU daily combined
with r-HFSH doses of 300 to 375 IU. While this dose is
sufficient in hypogonadotropic patients, it is unclear
if higher doses are optimal in assisted reproduction
patients. The studies of normal assisted reproduction

populations have failed to clearly demonstrate the ideal
LH dose.
Studies suggest that a small percentage of women may
require up to 225 IU of rLH/day subcutaneously, but high
dose of rLH is also found to be immunogenic and well
tolerated. To achieve an optimal benefit, Ramaraju et al
also suggest a dose of 75 IU/day of rLH for supplementa
tion with r-hFSH.35
The widely used dosage is a ratio of 2:1 for FSH:LH, i.e.
150 IU: 75 IU starting on day 1 or days 6 of stimulation,
especially in hypogonadotropic hypogonadism patients
and is an appropriate dose to drive follicular develop
ment, estradiol production and endometrial development.
A study showed that the administration of rLH (75 IU/day
for 4 days), 1 day before the beginning r-HFSH stimula
tion, offers some benefits in terms of clinical pregnancies
when compared with the patients undergoing stimulation
with r-HFSH alone.18
The timing of initiation of rLH in ovarian stimulation
is inconsistent in practice. In some protocols, patients
start on rLH from day 1 of stimulation and for others
patients start on days 6 to 8. Currently, there is no
evidence supporting either day 1 or days 6 to 8 for
starting rLH. However, theoretically, there may be a
benefit to start patients on day 1 if a clinician wants to
maximize the benefit of increased ovarian androgen
production even though the cost may increase. LH supplementation from day 1 may increase circulating androgen
concentrations, which in combination with FSH can act
synergistically to promote FSH receptor mRNA expre
ssion, follicular development and steroidogenesis.16-18
Studies have also fortified that rLH in combination
with FSH is better than HMG with FSH. This might be
due to excessive or inconsistent LH activity from the hCG
Table 1: Consensus on recommended use of luteinizing hormone
in Asian women undergoing long gonadotropin-releasing hormone
agonist protocols
Patient category
Substantial evidence of
benefit of r-LH in addition to
r-FSH

Some evidence of benefit of
r-LH in addition to r-FSH

Further research needed to
determine benefit of r-LH

International Journal of Infertility and Fetal Medicine, September-December 2014;5(3):75-86

Indication
Known poor responders (oocyte
count < 4 in previous cycle)
Midfollicular (days 6) suboptimal
response on long agonist
1. No follicles > 10 mm
2. estradiol < 200 pg/ml
3. Endometrial thickness < 6 mm
Age > 35 years started on
ovarian stimulation with either
the long agonist or antagonist
protocol
Biomarkers, e.g. variant LH
Low baseline serum LH < 1.2 IU/I
Low antral follicle count
Low anti-Mullerian hormone

83

Arveen Vohra, Kamini A Rao

component in HMG that may affect oocyte maturation
in the latter half of the ovarian stimulation cycle, giving
rise to the differences in numbers of oocytes retrieved
and success of pregnancy.
Concluding from the accumulated data, 75 IU LH is
sufficient to develop follicles, estradiol and endometrial
growth in even the most profoundly LH-suppressed
patients. Further studies are required to determine if
higher doses are beneficial or detrimental to follicular
development and the endometrium.

Conclusion
The synergistic yet complex LH and FSH interactions are
imperative for adequate follicular development, ovula
tion and endometrial advancement. According to the LH
threshold concept, there is a minimum and maximum
effective dose for LH. The LH therapeutic window is
best observed in two patient groups, namely hypogona
dotropic hypogonadism patients or LH polymorphism
and patients who are profoundly suppressed by downregulation with either GnRH agonists or antagonists in
assisted reproduction technology. It is now recognized
that with GnRH analog protocols in ovarian stimulation,
levels of LH bioactivity in some patients (e.g. age >35) may
be reduced to below the threshold and they may benefit
from adjuvant rLH.
The best predictive factor for need of exogenous LH
in assisted reproduction technology is a prior poor or
suboptimal response to ovarian stimulation. There is
increasing evidence that age is an important marker of
deficient LH bioactivity in women undergoing assisted
reproduction technology, with multiple studies showing
benefit in women aged above 35 years. Another patient
demographic that may benefit from adjuvant rLH in
addition to r-HFSH are poor responders and women who
exhibit suboptimal ovarian response during ovarian stimu
lation. These recommendations mostly apply to GnRH
agonist protocols where there is substantial evidence for
the use of adjuvant rLH.
Current evidence supports the use of HMG to improve
outcomes in long GnRH agonist cycles. Data on using LH
or HMG in GnRH antagonist cycles is currently limited,
but substantial biological plausibility exists for LH supplement use in these cycles. This is due to the profound and
rapid LH suppression that occurs at a time in follicle deve
lopment dominated by LH activity. There is insufficient
evidence to make definitive conclusions on the need for
exogenous LH activity in GnRH antagonist cycles or
the benefit of recombinant LH and hCG protocols. The
use of both rLH and hCG to supplement ovarian stimu
lation may be associated with a substantial increase in
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stimulation cost and therefore more studies are needed
to establish benefit both in terms of outcomes and cost
effectiveness.
The research in hypogonadotropic patients suggests
that 75 IU of LH has demonstrable biological activity.
However, studies have not established an optimal dose
of LH or an optimal ratio of FSH:LH supplementation to
maximize assisted reproduction outcomes. It is possible
that such doses or ratios are patient specific and should
be adjusted based on patient response to stimulation.
Further research is indicated for development of variable
FSH: LH ratio in drugs. in conclusion, the importance of
LH in the biological process of follicular development and
oocyte maturation should not be forgotten. Biomarkers to
ascertain women who are in need of exogenous LH need
to be sought. Future research should focus on the benefits
and cost effectiveness of rLH and hCG; and methods
for identifying patients who are most likely to benefit
from LH supplementation, either with prestimulation or
intrastimulation parameters.

Summary
There is a dilemma regarding the usefulness of LH supplementation in controlled ovarian stimulation despite
growing understanding of the LH and FSH interrelation
and their effects on fertilization and implantation. The
use of recombinant human LH in controlled ovarian
hyperstimulation should be guided by a rationale that
is based on the individualized patient profile. The use of
LH has been recommended in older patients (> 35 years)
as about 15 to 20% of women have less sensitive ovaries
with increasing age. Poor responders, those with deeply
suppressed endogenous LH like hypogonadotropic
hypogonadism and patients with LH suppression
during ART benefit from rLH supplementation. Hypore
sponders where FSH and AFC is considered adequate at
the start of the stimulation cycle seem to respond better
with the addition of rLH. Single nucleotide polymor
phisms of LH-receptors should be considered in such
patients. Further research is needed to identify adequate
dosing, cost efficacy, need for rLH and hCG supplemen
tation in different patient profiles for maximum benefit
during COS.
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