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Background: Pulsatile gonadotropin-releasing hormone (GnRH) therapy may restore function of
the hypothalamus-pituitary-gonad axis and induce spermatogenesis in male patients with congenital
hypogonadotropic hypogonadism (CHH). The study sought to test the reliability of a newly developed
Innopump® hormone pump, and to confirm the efficacy and safety of pulsatile GnRH therapy (by
Innopump® hormone pump) in CHH patients.

Methods: From November 2017 to November 2018, 28 male patients with CHH were treated with
pulsatile GnRH at Peking Union Medical College Hospital, Beijing Chaoyang Hospital, and Shandong
Provincial Hospital. A prospective, self-controlled, 7-day clinical trial was conducted. The primary outcome
measures were the efficacy and safety of pulsatile GnRH therapy (which was administered via the Innopump®
hormone pump). The secondary outcome measures included total serum testosterone, luteinizing hormone
(LH) and follicle stimulating hormone (FSH) levels.

Results: All of the patients participated the clinical study. For 7 days, a dosage prescribed by doctors
was accurately administered by the Innopump® hormone pump, and recorded by the pump. During the
treatment, LH and FSH levels gradually increased to 2.66=1.74 and 5.05+3.03 IU/L, respectively. Upper
respiratory tract infection in 1 patient and slight nausea in another patient were reported, which were
confirmed to be unrelated to the pulsatile GnRH therapy.

Conclusions: The Innopump® hormone pump was found to be reliable in drug administration, and to
have an accurate alarming system. It effectively and safely treated patients with CHH. Pulsatile GnRH
therapy may produce a physiological pattern of GnRH secretion, and re-establish pituitary-gonad axis

function by increasing gonadotropin levels.
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Introduction

Transition from childhood to adulthood, also called pubertal
development, relies on the activation of the hypothalamic-
pituitary-gonadal (HPG) axis (1,2). Coordinated
neuroendocrine action may produce pulsatile gonadotropin-
releasing hormone (GnRH) secretion with periodicity and
amplitude. Under physiological conditions, the pulsatile
release of GnRH from the hypothalamus during sleep
is a marker of pubertal initiation. The periodicity and
amplitude of the pulsatile rhythm of GnRH then gradually
mature, producing the luteinizing hormone (LH) and
follicle stimulating hormone (FSH) from the pituitary
gland. Defects in GnRH synthesis and action cause delayed
pubertal development, hypogonadism and infertility (1).

Congenital hypogonadotropic hypogonadism (CHH) is
a disorder of the hypothalamus, which leads to decreased
GnRH secretion, followed by low levels of LH and FSH,
and finally gonadal hypoplasia. The main therapeutic ways
to induce spermatogenesis are pulsatile GnRH therapy,
and combined human chorionic gonadotropin (HCG) and
human menopausal gonadotropin (HMG) therapy. GnRH
can be subcutaneously administered by a portable and
minimal pump at intervals of 60-90 minutes. GnRH pump
may produce a physiological model for spermatogenesis
in patients with CHH (3). Compared to combined HCG/
HMG therapy, pulsatile GnRH therapy may produce earlier
spermatogenesis, a higher pregnancy rate, and a normal
testosterone level.

The pulsatile GnRH hormone pump is also referred to
as an artificial hypothalamus, as it can produce pulsatile
GnRH to induce pituitary gonadotropin secretion. The
instrument is precisely controlled by a microcomputer, and
pulsatile GnRH is subcutaneously administered. Dosage
and frequency can be adjusted individually. The calculated
injections are accurate and simple. The portable pump
is also easy to carry around. Thus, the GnRH pump is
recommended as the preferred therapy for the long-term
treatment of patients with CHH.

In this study, the reliability of a newly developed
portable Innopump® hormone pump was examined. The
effectiveness and safety of pulsatile GnRH therapy in
patients with CHH were also evaluated. We present the
following article in accordance with the TREND reporting
checklist (available at https://dx.doi.org/10.21037/atm-21-
1632).

© Annals of Translational Medicine. All rights reserved.
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Methods
Patients

In this longitudinal, prospective, multicentre, and self-
controlled clinical study (ChiCTR1900027378), 28 patients
with CHH were recruited. The participants were patients
at the Peking Union Medical College Hospital, Beijing
Chao Yang Hospital, and Shandong Provincial Hospital
from November 2017 to November 2018. To be eligible
to participate in the study, the patients had to meet the
following inclusion criteria: (I) be aged between 16-40 years
old; (I) have serum LH and FSH levels below 1 IU/L, and
low sex hormone levels; and (III) have discontinued HCG,
HMG, and sex hormonal therapy for at least 4 weeks.
Conversely, patients were excluded from the study if they
met the following exclusion criteria: (I) had cryptorchidism
or testosterone of <1.0 ng/mL after a HCG stimulating
test; (II) have multiple anterior pituitary hormone
deficiency caused by hypothalamic pituitary lesions; (I1I)
have hypergonadotropic hypogonadism; and/or (IV) have
psychosis, an allergy to GnRH, or any other systemic
disease, such as chronic obstructive pulmonary disease or
chronic kidney failure.

Each patient’s clinical presentations, medical history,
and family history were recorded on the patient’s first visit
to hospital. The Ethics Committee of the Peking Union
Medical College Hospital, Beijing, China granted approval
for the study (No. JS-2111). Informed consent was obtained
from each patient after a full explanation of the purpose of
this study had been provided. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

Treatment and follow-up

Pulsatile GnRH (Fengyuan Pharmaceutical Co., Anhui
Province, China) was administered subcutaneously via a
portable hormone pump (LenoMed Coropartion, Shanghai,
China) for 7 days. Gonadotropins and sex hormones (i.e.,
LH, FSH, testosterone, and testicular size) were measured
at baseline, day 4, and day 7. Compliance and adherence to
the Innopump® hormone pump was assessed at each visit by
a participant report. For each patient, a GnRH dosage was
initiated at 10 ug per 90 minutes (4).

After 7 days of pulsatile GnRH therapy, the patients
could elect 1 of the following 3 methods to continue their
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Table 1 Baseline features of patients with congenital hypogonadotropic hypogonadism (n=28)

Baseline characteristics

All patients (n=28)

Reference range

Age (year), mean + s.d. 24.23+4.63 -
Height (cm), mean + s.d. 175.08+6.88 -
Weight (kg), mean + s.d. 74.43+16.16 -
Basal T (ng/mL) 0.37 (0.28, 0.58) 1.75-7.81
Basal LH (IU/L), median (quartiles) 0.20 (0.20, 0.28) 1.24-8.62
Basal FSH (IU/L), median (quartiles) 0.53 (0.31, 0.86) 2.27-9.26

*Mean + SD
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Figure 1 Patients’ FSH and LH levels increased gradually after
1 week of pulsatile GnRH pump therapy (n=28). LH, luteinizing

hormone; FSH, follicle stimulating hormone.

therapy: (I) pulsatile GnRH; (II) combined HCG/HMG
treatment; or (III) testosterone supplementation. Regular
follow-up examinations were conducted at intervals of
3 months. Each patient’s testicular size, plasma
gonadotropins, plasma testosterone, and sperm count were
measured on each visit.

The mini pump used in this study has been approved by
the State Food and Drug Administration and the Shanghai
Supervision and Inspection Centre for Medical Device

Quality.

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was
used for the data analysis. Normal distributive data are
expressed as the mean = standard deviation (SD). Non-
normal distributive data are listed as medians (quartiles).
Sample-paired 7-tests were used to compare changes in
gonadotropins and testosterone levels at baseline and after
treatment. Statistical significance was set at P<0.05.
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Results
Patient demographics

A total of 28 male patients were recruited to participate
in the study, comprising 16 patients from Peking Union
Medical College Hospital, 6 patients from Beijing
Chaoyang Hospital Affiliated to Capital Medical University,
and 6 patients from Shandong Provincial Hospital. The
patients were all in good health and had normal blood
and urine routine test results, and normal liver and renal
function. Thyroid hormone, adrenal glucocorticoid, and
growth hormone levels were all within normal ranges.

The patients were 23.24+4.63 years in age, and had a
body mass index of 24.6+3.8 kg/m’. Baseline serum LH,
FSH, and testosterone levels were 0.20 (0.20, 0.28) TU/L,
0.53 (0.31, 0.86) TU/L, and 0.37 (0.28, 0.58) ng/mL,
respectively (see Table I).

Accurate injection and reliability of the mini pump

Over the 7-day treatment period, a total of 1,645 injections
were administered, and recorded by the pump. The
dosage and frequency were completely consistent with that
required by the doctors, indicating that the pump had a
high accuracy and reliability for GnRH injections.

Gonadotropin and sex hormone levels post-treatment

Patients’ levels of FSH and LH significantly increased after
treatment. On the 4th day of treatment, FSH and LH levels
increased to 3.19£1.84 and 1.71+0.96 IU/L, respectively.
On the 7th day of treatment, FSH and LH levels increased
to 5.05+3.03 and 2.66+1.74 IU/L, respectively (see Figure I).
The rate of pituitary response to pulsatile GnRH was
100%.
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Figure 2 Patients’ levels of gonadotropin and testosterone increased gradually during pulsatile GnRH therapy. A star (*) indicates that

the differences between the 2 groups were statistically significant (*P<0.05). LH, luteinizing hormone; FSH, follicle stimulating hormone;

GnRH, gonadotropin-releasing hormone.

Safety of the pulsatile GuRH pump and adverse reactions
of patients

Over the 7-day treatment period, the pumps’ alarms
sounded 21 times. Of these alarms, 19 alarms occurred due
to power exhaustion, 1 due to pipeline blockage, and 1 due
drug to exhaustion. All of the alarms were effective. Thus,
the pump has an alarm validity of 100%.

Two adverse events were reported; 1 patient reported
an upper respiratory tract infection, and another patient
reported mild stomach discomfort. No serious adverse
events occurred. No patients withdrew from the clinical
study due to adverse events.

Therapeutic preferences at the end of the trial

When the 7-day clinical trial was completed, the patients
could elect which treatment they wished to receive next.
Seven patients elected to receive sex hormonal replacement
therapy due to their were not seeking fertility treatment,
13 patients elected to receive HCG/HMG therapy, and
10 patients elected to continue to receive pulsatile GnRH
therapy.

Six of the 10 patients who continued to receive pulsatile
GnRH therapy were regularly followed up for more than
6 months. The LH and FSH levels of these patients
gradually increased. After 1 month, their FSH and LH levels
plateaued (see Figure 2). Six months later, patients’ LH
levels increased from 0.16+0.20 to 5.96+2.04 IU/L, and their
FSH levels increased from 0.56+0.30 to 5.51+2.60 IU/L.
Their serum total testosterone increased from 0.58+0.82

© Annals of Translational Medicine. All rights reserved.

to 2.50+1.59 ng/mL. However, it should be noted that
patients’ serum testosterone levels did not increase until one
month after treatment. It then slowly rose to the normal
adult level in half a year. Seminal tests showed that sperm was
detected in 1 out of 6 patients after 6 months of treatment,
and the success rate of spermatogenesis was 16.67%.

Discussion

In 1978, it was first demonstrated that GnRH was secreted
in the form of pulses (5). Some 4 years later, in 1982, 6
CHH male patients were treated with intravenous injections
of pulsatile GnRH, and spermatogenesis occurred in 3
patients, which confirmed that exogenous pulsatile GnRH
may restore pituitary gonadal axis function in patients with
CHH (6). However, at that time, the injection instruments
were too large to be carried with the patients. However,
with developments in technology and equipment, portable
pumps have appeared. Such pumps can regularly deliver
pulsatile GnRH at intervals of 90-120 minutes, which
may mimic the physiological state of GnRH secretion. It
has been proven that compared to HCG/HMG therapy,
pulsatile GnRH may induce a larger testicular volume
(7-9), require a shorter period for spermatogenesis, and
have a better spermatogenesis success rate (4,9,10). Thus,
pulsatile GnRH therapy is the preferred therapeutic choice
for male CHH patients who wish to father children (11).
This clinical trial showed that this newly developed
Innopump® hormone pump is extremely accurate and
highly safe at administering pulsatile GnRH infusions.
The drug dosage and infusion frequency was completely
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consistent with the dosage prescribed by the doctors. The
alarm system was 100% effective, and no false or invalid
alarms occurred in the study. During the treatment, no
technical problems were reported, such as electric shocks,
the falling off of pumps or other apparatus, or infusion
set leakage. Thus, this portable pump is both high quality
and highly convenient. Additionally, no patients withdrew
from the clinical study due to difficulties in manipulating
the pump, which suggests that the operating system is easy
to use for patients. In addition to being efficient, safe, and
cost effective, the Innopump® hormone pump has also
innovatively adopted advanced technology to enhance its
convenience for users. For the first time, an Organic Light
Emitting Diode color screen with a large display and touch
function was adopted, which improved visualization and
made the pump easier to use. Additionally, the Innopump®
hormone pump is the only pump equipped with Bluetooth,
which can be used to transfer treatment information to
mobile phones and the “cloud,” and provides an important
basis for the network of disease management in various
hospitals.

During the treatment period, patients’ FSH and LH
levels gradually increased, revealing a good pituitary
response to pulsatile GnRH therapy. In relation to
gonadotropin changes in response to pulsatile GnRH
therapy, the present study showed that: (I) for most
patients, levels of gonadotropin gradually increase within
1 week of treatment, which reflects a favorable response
to GnRH therapy; (II) the increments of LH and FSH
during the first 7 days of treatment can be used to predict
the therapeutic effects of long-term pulsatile GnRH; (III)
patients’ testosterone levels rose relatively slowly after
approximately 1-3 months of treatment, and may reach a
stable plateau after 6 months; (IV) patients who attended
the long-term follow-up examinations showed that pulse
GnRH treatment was effective for a long period; however,
their drug resistance could not be observed; and (V) patients
who respond well to the therapy may produce sperm after
6 months of treatment.

Previous retrospective studies have shown changes in
LH, FSH, and testosterone levels after pulsatile GnRH
treatment. However, consistent with previous clinical
studies (12,13), this prospective study showed that FSH
and LH levels plateaued after one month. This study also
showed that patients’ testosterone levels did not increase
until 30 days after treatment. Thus, during pulsatile GnRH
treatment, clinicians should be aware that low testosterone
levels after 1 week of treatment may occur to ensure they do
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not incorrectly judge these results as a treatment failure (14).
A slowly increasing testosterone level is similar to normal
pubertal development. When boys enter puberty, GnRH
pulse is initially secreted, after which, testicular volume and
testosterone level gradually increase. Thus, it is generally
advisable for clinicians to observe patients for 3-6 months
when evaluating the therapeutic effect of pulsatile GnRH
therapy.

"Two mild adverse events were recorded in the study.
After careful investigated, no relationship between these
events and the drug therapy could be determined. No other
adverse reactions, such as erythema at the infusion site,
were reported.

The study had a number of limitations. First, as a
prospective study, it was not designed to be randomized
or double-blind. It is a self-control observational study.
Second, the number of patients receiving long-term
pulsatile GnRH therapy was too small and the observation
time was too short to evaluate the final spermatogenesis
effect.

In conclusion, the Innopump® hormone pump is
accurate, effective, and safe in the treatment of CHH. More
than 1 month is required to determine the therapeutic
effect of GnRH treatment in CHH patients. Increases in
gonadotropins, testosterone, and testicular volume during
the first 3-6 months of treatment are favorable indicators
for predicting future spermatogenesis.
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