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Objective: To systematically review and appraise the existing evidence in relation to the efficacy and safety of pulsatile gonadotropin-
releasing hormone (pGnRH) for the treatment of women with hypothalamic amenorrhea (HA).

Design: Systematic review and meta-analysis.

Setting: Not applicable.

Patient(s): A total of 35 studies (three randomized and 32 observational) encompassing 1,002 women with HA.

Intervention(s): None.

Main Outcome Measure(s): Primary outcomes: ovulation rate (OvR), pregnancy per ovulatory cycle rate (POR), and live birth per
ovulatory cycle rate (LBOR). Secondary outcomes: multiple gestation (MG), ovarian hyperstimulation syndrome (OHSS), and superficial
thrombophlebitis (ST) rates. The summary measures were expressed as proportions and 95% confidence intervals (CI).

Result(s): Pulsatile GnRH treatment appears to achieve high OvRs. A trend toward high PORs and LBORs among women with HA is
demonstrated. SC pGnRH achieves comparable OVR compared with IV pGnRH. The incidence of OHSS is low and of mild severity. Treat-
ment with pGnRH is associated with low but slightly higher MG rates compared with the general population. [V administered pGnRH is
rarely associated with ST.

Conclusion(s): The high OvRs leading to a high rate of singleton pregnancies and the low likelihood of OHSS render the pGnRH treat-
ment modality both effective and safe for the treatment of women with HA of either primary or secondary origin. (Fertil Steril®
2018;109:708-19. ©2017 by American Society for Reproductive Medicine.)
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absence or cessation of menses caused by a deficiency

in the GnRH pulsatile secretion below a critical range.
Primary hypothalamic amenorrhea (PHA) is caused by a
developmental insufficiency of GnRH secretion, while
secondary hypothalamic amenorrhea (SHA) is a neuroendo-
crine disorder derived from energy deficit, eating disorders,
stress, and excessive exercise in the absence of any organic
disorders (1, 2).

Anovulation and infertility are common presenting com-
plaints among women with dysfunctional hypothalamus
requiring hormonal therapeutic intervention. Ovulation can
be achieved either by FSH administration for follicular matu-
ration, followed by hCG or LH to trigger ovulation, or with
pulsatile GnRH, administered either IV or SC by means of a
pump (1, 2). GnRH can be administered at different pulse
frequencies across the cycle, mimicking physiological
ovarian stimulation. The usual doses range between 5-
10 ug or 15-20 ug/pulse injected IV or SC, respectively,
every 90 minutes (1, 2). Pulsatile GnRH administration leads
to a physiological gonadotropin production by the pituitary
triggering the development of monofollicular menstrual
cycles, thus minimizing the risk of multiple gestation (MG)
and ovarian hyperstimulation syndrome (OHSS) (1, 2).

Notably, pulsatile GnRH (pGnRH) is the treatment of
choice for HA, favoring ovulation and increasing fertility
rates (1, 2). Previous published data suggest that pGnRH is
superior to conventional exogenous gonadotropin in
achieving ovulation with a lower risk of adverse outcomes.
Albeit a simple, efficient, and safe treatment modality,
pGnRH has received little attention to date, and it is
relatively underused. To ascertain the efficacy of pGnRH,
we conducted a systematic review and a meta-analysis of
the proportions of women treated with pGnRH admini-
stration, who had successful ovulation, conception, delivery
of live infants, and adverse outcomes such as MG, OHSS,
and superficial thrombophlebitis (ST) per total number of
women treated with pGnRH.

I I ypothalamic amenorrhea (HA) is defined as the

MATERIAL AND METHODS
Search Strategy

The present study was carried out according to the Preferred
Reporting Items for Systematic Review and Meta-analysis
(PRISMA) guidelines. A literature search was performed to
identify eligible studies from four electronic databases:
PubMed, Web of Science, Scopus, and Cochrane Central Regis-
ter of Controlled Trials CENTRAL. All databases were consulted
from inception until October 2017. Eligible studies were
retrieved based upon the Boolean search strategy (PICO) in or-
der to describe the patient population (P: hypothalamic amen-
orrhea), the intervention (I: pGnRH), and the outcome (O:
Ovulation OR Pregnancy OR live birth OR adverse outcomes)
without defining any comparison (C:/) or study design (S:/).
In terms of PubMed searching, a combination of Mesh terms
and key words were combined: hypothalamic amenorrhea; pri-
mary hypothalamic amenorrhea; secondary hypothalamic
amenorrhea; functional hypothalamic amenorrhea; anorexia
nervosa; amenorrhea; pulsatile GnRH treatment; pulsatile
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gonadotropin-releasing hormone treatment; treatment. A
similar modified search strategy was conducted for subsequent
databases. References of selected studies as well as gray litera-
ture were searched for articles not identified by the electronic
search, in an attempt to retrieve additional citations.

Inclusion Criteria

The inclusion criteria were [1] confirmed sole diagnosis of
PHA or SHA before treatment; [2] studies on the treatment
of PHA and SHA with pGnRH; [3] randomized controlled
trials (RCTs) and observational studies (0Ss); [4] reported
data with respect to ovulation rate (OVR); [5] sufficient pub-
lished data for estimating the pooled proportions and 95%
confidence intervals (95% CIs); [6] English language.

Exclusion Criteria

Exclusion criteria included [1] studies irrelevant to treatment of
HA with pGnRH; [2] insufficient data for the OvR; [3] case re-
ports, reviews, and small case series of five or fewer patients; [4]
repeated or overlapped data; [5] non-English studies.

Literature Search and Data Collection

The eligible articles were retrieved following a two-step pro-
cess. First, the titles and abstracts of the articles were screened
for tabulation eligibility by two independent reviewers (A.T.,
A.L.) and full manuscripts were identified. In case of dupli-
cates, the most recent or complete article was selected. If there
was any disagreement, consensus was sought with senior re-
viewers (L.M., D.L.). The selection process for included studies
is shown in Supplemental Figure 1.

Quality Assessment

The Methodological Index for Non-Randomized Studies (MI-
NORS) was used to assess the quality of OS (Supplemental
Fig. 2) (3). RCTs were evaluated using the modified Jadad
score, which briefly assesses the description of studies as ran-
domized along with details of the randomization and the
description and details of the double-blind process, in addi-
tion to information in terms of withdrawals and allocation
concealment (Supplemental Table 1) (4). Two reviewers
(A.T., ALL) evaluated the yielded articles accordingly. Any
disagreements were resolved by consensus or arbitration by
two senior reviewers (L.M., D.L.).

Statistical Analysis

For the analysis of outcomes, we carried out a meta-analysis of
the proportions of women treated with pGnRH administration
who had successful ovulation, conception, delivery of live in-
fants, and adverse outcomes (MG, OHSS, and ST) per total
number of women treated with pGnRH. Subsequently, a
separate subgroup analysis according to the route of adminis-
tration (IV or SC) and the type of HA (PHA or SHA) was carried
out. We computed the logarithm of the ratio and its corre-
sponding standard error for each of the studies. A meta-
analysis with inverse-variance weighting was conducted using
a random-effects model. Forest plots were created for each
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