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Abstract

Background: Hypogonadotropic hypogonadism (HH) is a rare condition in which there is gonadal hypofunction
due to absence of gonadotropin drive. In this condition, there are very low serum levels of gonadotropins. Pituitary
gland may itself have some disease or disorder, or there may be loss of gonadotropin-releasing hormone (GnRH)
pulses from the hypothalamus. The pharmacological interventions in HH women formed the basis for
superovulation strategies for assisted reproduction techniques (ART) with a special reference to the role of LH and
its impact on oocyte and embryo quality.

Results: The medians ±inter quartile ranges for number of oocytes retrieved, number of MII oocytes, and number
of embryos transferred were 5±7, 4±3, and 3±1 respectively. The pregnancy rate was 31.5% for this group of
patients. The live birth rate and miscarriage rate were 21% and 11.5% respectively.

Conclusion: The reproductive outcomes of patients of hypogonadotrophic hypogonadism are reasonable after ICSI
and clinical trials are recommended to corroborate this concern.
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Background
Gonadotropin-releasing hormone (GnRH) acts via the
GnRH receptor, which is expressed on gonadotropic
cells in the anterior pituitary gland. This action regulates
both synthesis and release of gonadotropins such as
luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH), which control gonadal maturation and
adult reproductive physiology via the hypothalamic–pi-
tuitary–gonadal (HPG) axis [1].
Hypogonadotrophic hypogonadism (HH) diagnosis was

based on clinical history of primary or secondary amenor-
rhea, negative progestin challenge, serum levels of both
FSH and luteinizing hormone (LH) < 5 IU/L, accompanied
by serum estradiol levels below 20 pg/mL [2].

Hypogonadotropic hypogonadism (HH) has multiple
etiologies and is characterized by ovulation disorders,
low levels of endogenous gonadotropins, and estrogen
deficiency caused by hypothalamic pituitary failure [3].
Congenital hypogonadotropic hypogonadism (CHH) is

caused by deficient production, secretion, or action of
GnRH, a key neuropeptide that orchestrates mammalian
reproduction [4].
The congenital form is known as idiopathic HH, and

accounting for approximately 40-60% of all cases [5].
When the condition is acquired, it is usually character-
ized by functional amenorrhea with low estrogen levels
in women with a low body mass index (BMI) [6].
CHH can present solely as congenital GnRH defi-

ciency or be associated with other developmental anom-
alies such as cleft lip or palate, dental agenesis, ear
anomalies, congenital hearing impairment, renal agene-
sis, bimanual synkinesis, or skeletal anomalies [7, 8].
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Puberty can be induced by oral or preferably transder-
mal estradiol administration in girls. Estrogen treatment
increases uterine size and combined estrogen and pro-
gestin therapy induces monthly withdrawal bleeding but
does not induce ovulation. For fertility, gonadotropins or
GnRH therapies are necessary and effective [9].
HH patients will likely require either hormonal re-

placement therapy to regularize their cycles or ART de-
pending on their reproductive desire. Low complexity
techniques can be offered, but many women will need
in vitro fertilization (IVF) [10].
There is limited evidence for ovarian response and re-

productive outcomes of HH patients who undergo IVF.
Some studies have reported similar overall IVF perform-
ance in this group of patients compared to other infertil-
ity causes [11].
Being a rare condition, there are a limited number of

studies evaluating the reproductive capacity and infertil-
ity treatment outcome of women with HH.
Because of this limitation, this study was conducted,

aimed to evaluate the reproductive outcome of this
group of patients and to help clinicians to select the
proper management for these patients.

Methods
This is a case series study including 19 patients who
attended the assisted reproduction unit, Al-Azhar Uni-
versity, Cairo, Egypt, in the period from May 2016 to
March 2019 with confirmed diagnosis of congenital
hypogonadotrophic hypogonadism and planned for ICSI.
HH diagnosis was based on a clinical history of primary
or secondary amenorrhea, ultrasound picture of small
size ovaries, negative progestin challenge, and serum
levels of both FSH and luteinizing hormone (LH) < 1
IU/L [5], accompanied by serum estradiol levels below
20 pg/mL [3]. Considering that the patients included in
this study had no previous normal cycles.
All patients were received combined oral contraceptives

containing estrogen and progesterone (Gynera, Bayer
Pharma AG, Berlin, Germany), 2 months before stimula-
tion to help endometrial regeneration and regulation of
the cycle. Ovulation induction was started at the second
day of bleeding by 150-225 IU of human menopausal go-
nadotrophin (hMG, Menogon, 75 IU, Ferring Pharmaceu-
ticals). Follicular tracking was continued until scanning
showed at least 3 mature follicles. Triggering was per-
formed by human chorionic gonadotrophin (Pregnyl
10000 IU, Organon, Kloosterstraat, Netherlands) adminis-
tered intramuscular followed by ovum pick up 36 h later.
Embryo transfer was done at day 2-5 after pick up. Luteal
phase support by vaginal progesterone gel (Crinone gel
8%, Merck-Serono, Germany) was given for 2 weeks until
pregnancy was confirmed, then it was continued during
the first trimester. Pregnancy was followed until delivery,

where miscarriage rate and live birth rate were estimated.
The primary outcome was the pregnancy rate. The sec-
ondary outcome was the live birth rate and miscarriage
rate.

Statistical analysis
Statistical analysis was performed using Microsoft Excel
2013(Microsoft Company, USA) and soft package of
statistical analysis (SPSS version 22, IBM Company, Chi-
cago ,USA). The Normality of data was tested using nor-
mality tests (Kolomogrov, Semirenov test of normality).
The data was presented by median and inter-quartile
range (IQR) for quantitative data. Frequency and per-
centages were used for presentation of qualitative data.
Man Whitney test was used for the comparison between
qualitative data and Fisher exact or -square tests were
used for the comparison between categorical data.

Results
Medians ±IQRs for age, BMI, total dose of stimulation,
and duration of stimulation were 29±6, 30.9 ±5, 5250 ±
2100, and 15± 3 respectively (Table 1). The outcomes of
ICSI for the 19 patients were (median ± IQR were 1826
± 2473, 10 ±1, 5±7, 4±3, 1±1, 0±2, 3±1, 2±1, 0±0) for E2
and endometrial thickness at the day of triggering, oo-
cyte number, MII oocyte, MI oocytes, germinal vesicles,
embryos number, grade A and B embryos respectively.
Four cases got pregnant with the pregnancy rate of
31.6%. Four cases were delivered four term babies with
live birth rate 4/19 (21%) while two cases showed first
trimestric abortion with miscarriage rate of 10.5% (Table
2 and Fig. 1).

Discussion
The median number of oocytes retrieved in the
current study was four. The lower number of oocytes re-
trieved may be explained by the study of Bry-Gauillard
et al. [12], who assessed the number of antral follicles of
39 patients with isolated HH and observed a significantly
lower AFC compared to 41 healthy controls. Interest-
ingly, persistent FSH deficit in isolated HH can lead to
diminished ovarian size and reduced AFC and in turn
the number of oocytes retrieved [13].
Despite the similarity of results between this study and

the study by Bry-Gauillard et al., the patients included
were the patients with isolated HH while the patients in
our study were the patients with congenital HH.
Another study with HH patients due to multiple eti-

ologies also reported lower AFC [2]. However, many au-
thors reported normal follicular count, but these results
could be explained by the type of patients in the studies
where women with small-sized ovaries who showed
multi follicular or normal-sized ovaries as in cases of
functional hypogonadism were included [9].
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Some studies have evaluated the efficiency of different
protocols and reproductive outcomes in this group of
patients [14, 15]. They generally showed good response
and high pregnancy rates, even though higher gonado-
tropin doses are usually required [16–18]. Our results
prove these findings in view of good pregnancy rate
(31%) and relatively high dose of stimulation (median ±

IQR, 5250 ±2100) but low oocytes number (median ±
IQR, 5±7).
Because of the low levels of FSH and LH, downregula-

tion by either gonadotrophins-releasing hormone agonist
(GnRH a) or antagonist (GnRH ant) was not required
based on the results claim from detrimental effect of the
pituitary suppression in women with congenital HH, on

Table 1 The basal characteristics of the studied patients

*As non-normal data distribution, the values were estimated by median and inter-quartile range (IQR)

Table 2 The outcomes after stimulation in the studied patients
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implantation and live birth rates [19]. Unlike our study,
the previous results were applied to the patients with
congenital and functional hypogonadism.
In all patients, we started with a stimulation dose of

150-225 IU. However, some studies had recommended
to start with a dose not exceeding 75 IU and step up
after 5 to 7 days [9]. This conflict may be resolved by
the differences in patients selected.
Stimulation can be started on any day during amenor-

rhea or after an E + P withdrawal bleeding. Two to three
months priming with sequential E + P treatment may
improve response.
In a study by Yaldrim et al., they reported that patients

with HH should be given oral contraceptives for at least
2 months before controlled ovarian hyper stimulation
treatment to change the hypo estrogenic environment
and to improve endometrial development [20].
In some studies, this priming is not required. A novel con-

cept of LH priming has been suggested. Pretreatment with
300 IU SC of rLH for 7 days immediately preceding the
rFSH significantly decreased the requirement of FSH [21].
In a review article of several studies published from

1966 to 1984, the pregnancy rate varied from 16 to 78%
in different studies [22]. This coincides with our results
(pregnancy rate 31%).
The live birth rate (LBR) in the current study was 21%

which is approximately around the rate reported in the
clinical trial conducted by Firouzeh et al. [23], where
they compared the live birth rate after ICSI in 81 cases
of HH with 88 cases with tubal factor infertility. How-
ever, no significant difference was detected.
In the current study, hMG was used for stimulation.

However rFSH can be used only if combined with
rLH as evidenced by many studies [24–26]. Interest-
ingly,in the study by Kumback and Kahraman, they
reported simillar results if any of both stimulations
was used [15].

Descriptive studies showed that the results of ART in
HH patients treated with HMG were comparable to
those in women with tubal factor infertility and unex-
plained infertility [16, 20].
In addition, earlier meta-analysis showed that when a

GnRH a long protocol was used, hMG was superior to
using only rFSH in IVF/intra-cytoplasmic sperm injec-
tion (ICSI) treatment [27, 28].
There have been several studies to increase the success

rate with FSH and LH. As a result of these studies, it
seems that a combined stimulation with FSH and LH is
the best treatment option. However, it was concluded that
the FSH/LH ratio should be 2/1 in the first half of the
stimulation cycle, and 1/2 in the second half [14, 29, 30].
In patients with congenital HH, there is a lack of go-

nadotropin throughout the life, so there may be adverse
effects of long-term LH deficiency on ovarian response
and embryo implantation.
Due to the very low incidence of HH, many studies

have been done to evaluate the influence of LH on fol-
licular growth and oocyte quality in downregulated pa-
tients undergoing an IVF procedure [31, 32].
Several clinical studies have shown that a low concen-

tration of LH leads to reduced ovarian estradiol biosyn-
thesis because of the reduced thecal production of
androgen precursors and consequently causes higher im-
plantation failure and early pregnancy loss rates [32–34].
In contrary to this proposal, Yaldrim et al. compared

HH patient ART outcomes with mild and moderate
male factor infertility patients. They found that the re-
sponse to fertility treatment in these patients was at least
as good as in the control group [20].
In another prospective study by Yalmaz et al. [11], they

reported that the duration of stimulation was longer and
total gonadotropin dose was higher in the HH group.
However, there were no differences in human chorionic
gonadotropin (hCG) day estradiol levels, endometrial

Fig. 1 Pregnancy rate in the studied group
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thickness on hCG day, total oocyte number retrieved,
MII oocyte number, or pregnancy rate.
To obtain acceptable rates of pregnancy with minimal

side effects, determining the ovarian response before
treatment is crucial. However, predicting the ovarian re-
sponse to treatment of patients with HH is difficult be-
cause the lower level of gonadotropin, small ovaries, and
amenorrhea renders ovarian reserve tests unreliable.
Sonmezer et al. [35] found that the level of anti-

Mullarian hormone (AMH) is correlated with ovarian
response in patients with HH. Unfortunately, in this
study, AMH was not done for all patients, firstly, be-
cause of the cost; secondly, because it is not a routine
for the diagnosis of patients with HH.
Understanding of the molecular genetics of CHH is

mandatory to know about the pathophysiology of this
syndrome and to improve the treatment strategy.
Although patients with HH have a long-term estrogen de-

ficiency, their response to controlled ovarian hyper stimula-
tion treatment is like normal women as proved by previous
studies and potentially by the current study. However, the
HH group is heterogeneous and estimating their ovarian re-
serve is not always possible before treatment.
Several strengths are recognized in the design of this

study. First, the prospective nature of the study made it
more likely that the data collected would be complete.
Also, consecutive patients were included in this series. Se-
lection bias was limited because all patients who started
stimulation protocol in the observed period were included
in the study. The authors justly did not overstep the goal
of a case series, as their goal was to present their results
with conventional stimulation protocol. Because patients
were followed until the end of treatment, this study is
complete with regard to the report for potential complica-
tions associated with the treatment.
However, keeping the methodological limitations of a

case series in mind, we cannot apply this conclusion to
clinical practice before more evidence is obtained from
randomized trials. Nevertheless, with good design and
conduction, this study can be a sensible alternative to
studies with higher levels of evidence, with the additional
advantage of saving a lot of time and money.

Conclusion
The results of this study were considered reasonable if
compared to the reproductive outcomes of patients with
other infertility causes like tubal factor. So, we can con-
clude that there are no precautions that should be taken,
or adverse effects expected, like cycle cancelation or
empty follicle syndrome, when starting ovarian stimula-
tion during ICSI cycles in patients of hypo gonado-
trophic hypogonadism. Clinical trials are recommended
to corroborate this concern.
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