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Background: To evaluate the efficacy of pulsatile gonadotropin-releasing hormone (GnRH) therapy in
patients with hypogonadism caused by hypopituitarism so as to guide clinical treatment.

Methods: Clinical manifestations, laboratory examinations, and imaging features were collected from 22
patients with hypopituitarism that led to hypogonadism who were treated with pulsatile GnRH. Data were
analyzed and the patients were followed up.

Results: The average age at which patients began to use pulsatile GnRH was 22.8+3.7 years old.
The duration of pulsatile GnRH administration ranged from 3 to 60 months, with an average of 20.5=
12.1 months. The dosage of GnRH administered was 10-12 pg/90 minutes. Patients were followed up
for 26-81 months, with an average of 50.5£17.3 months. After pulsatile GnRH treatment, the clinical
manifestations and hormone levels of these patients improved to varying degrees. The luteinizing hormone
(LH) and testosterone (T) levels of 7 patients increased to the normal range, sperm could be detected in
seminal fluid samples of 5 patients, and 2 patients successfully reproduced. Within the good-response group,
71.4% of patients achieved spermatogenesis within an average of 13 months of treatment. In patients who
had poor response to gonadotropin therapy prior to pulsatile GnRH therapy, 25% achieved spermatogenesis,
and 37.5% reached the normal range of LH and T. The levels of LH after pulsatile GnRH treatment was
positively correlated with the peak levels of LH and testicular volume prior to treatment (P<0.01).
Conclusions: Pulsatile GnRH therapy can improve gonadal function in most patients with hypogonadism
caused by hypopituitarism. Patients were able to achieve spermatogenesis, especially in patients who were
poor-responders to gonadotropin treatment. Patients with greater basal testicular volume may respond better
to pulsatile GnRH treatment. The GnRH stimulation test not only helps to evaluate the reserve function
of pituitary GnRH cells at a certain time but may also serve as a prognostic factor. The results of this study
form a basis for guiding clinical therapeutic choices.
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Introduction

Hypogonadism is a gonadal disease characterized by
delayed development of the sexual organs and other
secondary sex characteristics. It can be divided into
primary hypogonadism and secondary hypogonadism.
Hypopituitarism is a common cause of secondary
hypogonadism. It is the partial or complete insufficiency of
anterior pituitary hormone secretion and may result from
pituitary or hypothalamic disease. Gonadotropin deficiency
occurs in approximately 76.9% to 100% of patients with
hypopituitarism (1-3). The clinical manifestation of
patients with gonadotropin deficiency is delayed puberty
or hypogonadism, which includes the absence of developed
genitals, small testicles, and the absence of pubic hair and
axillary hair. In patients with hypogonadism that is caused
by hypopituitarism, treatment may be initiated for two
purposes, that being androgenization and fertility (4). The
former can be achieved by testosterone (T) substitution,
and the latter can be achieved by treatment with
gonadotropins or pulsatile gonadotropin-releasing hormone
(GnRH) (5,6).

Pulsatile GnRH treatments are dispensed via a portable
pump with a subcutaneous needle inserted into the
abdominal wall. It stimulates the production of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) (7).
Pulsatile administration of GnRH is effective in
activating the pituitary-gonadal axis (8). Recently, some
studies suggested that pulsatile GnRH therapy can be
successfully used to induce puberty in hypogonadotropic
hypogonadisms (HH), and can reduce the risk of ovarian
hyperstimulation syndrome in patients treated for HH
(9-11). This current study examined the therapeutic
effects of pulsatile GnRH therapy in male patients with
hypogonadism caused by anterior pituitary dysfunction.
The clinical experience in our department is summarized
to form a basis for the development of novel treatment
methods.

The clinical data of 22 patients were retrospectively
analyzed in the Department of Endocrinology of the
First Medical Center of the Chinese People’s Liberation
Army General Hospital. Following treatment with
pulsatile GnRH therapy, the clinical manifestations and
hormone levels in these patients improved to varying
degrees. The LH and T levels of 7 patients increased to
the normal range, sperm could be detected in the seminal
fluid samples of 5 patients, and 2 patients successfully
reproduced offspring. Within the good-response group
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of patients, a total of 71.4% achieved spermatogenesis.
In patients with poor response to gonadotropin therapy,
pulsatile GnRH therapy results in spermatogenesis in 25%
of patients, and 37.5% of patients reached the normal
range of LH and T

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-556).

Methods
Patient selection

A total of 22 patients with hypopituitarism and
hypogonadism were recruited at the Department of
Endocrinology of the First Medical Center of the Chinese
People’s Liberation Army General Hospital between June
2012 and June 2017. The study size was calculated. The
inclusion criteria were as follows: (I) patients older than
16 years of age; (II) absent or incomplete pubertal
development with low serum T levels during childhood;
(III) secondary hypogonadism, with deficiencies in at least
two anterior pituitary hormones; and (IV) gonadotropin
deficiencies or low-level results on the growth hormone
(GH) stimulation test. The following exclusion criteria were
applied: (I) severe systematic disease; and (II) T replacement
therapy within the past 6 weeks or gonadotropin injection
within the past 6 months.

Clinical data and functional evaluation

Clinical information was collected from patients, including
general information, clinical manifestations, birth history,
family history, past history, past medication history, physical
examination, and laboratory examination. All investigators
were trained with standard method about asking medical
history before carrying out the study.

Anterior pituitary function was evaluated in all
patients at the time of first admission to the hospital and
was repeated, if necessary, during follow-up. To assess
GH secretion, basal GH and insulin-like growth factor
1 (IGF-1) levels were measured, and insulin-induced
hypoglycemic GH stimulation tests were performed. A
peak GH level less than 10 pg/L after stimulation implied
GH deficiency. To examine the pituitary-gonadal axis,
basal LH, FSH, and T levels were measured, and GnRH
stimulation tests were performed. To asses the pituitary-
thyroid axis, free triiodothyronine (FT3), free thyroxine
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(FT4), total triiodothyronine (TT3), total thyroxine
(T'T4), and thyroid stimulating hormone (TSH) levels
were evaluated. To examine the pituitary-adrenal axis,
cortisol, and adrenocorticotropic hormone (ACTH)
levels were measured at 12:00 am, 8:00 am, and 4:00 pm.
Urine was collected over a 24 hour period to measure free
cortisol levels. Furthermore, insulin-induced hypoglycemic
stimulation tests were performed to analyze any decrease
in pituitary ACTH reserve function. The above-
mentioned study variables were measured using a automatic

biochemical analyzer (Hitachi, Tokyo, Japan).

Medical imaging

Medical imaging was performed to collect baseline data
prior to pulsatile GnRH treatment. Pituitary magnetic
resonance imaging (MRI) scans were performed to
understand the development of the pituitary. The X scan
of the left wrist was used to determine the age of the bone
and the osteophyte closure. Testicular volume was measured
using ultrasound.

Pulsatile GnRH treatment

Pulsatile GnRH was administered subcutaneously via a
portable infusion pump. The GnRH dose was initiated at
10 pg/90 minutes and adjusted according to the serum LH,
FSH, and T levels. The maximum GnRH dose was set at

12 pg/90 minutes.

Follow-up

All patients were followed-up every 3 months to measure
testicular volume, LH levels, FSH levels, T levels,
sperm count, and the development of secondary sexual
characteristics. The follow-up ends when they no longer
use the pulsatile GnRH treatment or lost to follow-up.
Quantitative variables were recorded according to the
patients description.

Ethical statement

This study was approved by the ethics committee of the
Chinese People’s Liberation Army General Hospital (No.
S2017-131-02). Informed consent was obtained from all
patients. All procedures performed in studies involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).
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Statistical analysis

All statistical analyses were performed using SPSS version
21 (Microsoft). The normally distributed data were
described by mean =+ standard deviation (¥ = s), and data
with a skewed distribution were described by the mean (M)
and interquartile range (Q,, Q;). For comparison of the
baseline and post-treatment measurements, paired z-tests
were used for normally distributed data, and nonparametric
pairwise tests were used for data with skewed distributions.
The Spearman’s rank correlation coefficient was applied for
correlation analyses. Results were considered statistically
significant when P<0.05.

Results
Characteristics of the patients

In total, 22 patients were enrolled in this study. The age
at which patients commenced pulsatile GnRH therapy
ranged from 16 to 33 years old, with an average age of
22.8+3.7 years. All patients presented with varying degrees
of hypogonadism. The majority were initially referred for
growth retardation during childhood with no spontaneous
pubertal development. One patient presented with loss of
beard, armpit hair, and pubic hair, and sexual dysfunction
after a craniopharyngioma operation. One patient
suffered from pituitary microadenoma. All patients were
azoospermic. There were 17 cases of patients suffering
from adverse perinatal events (1 case of premature
birth, 7 cases of footling presentation, 5 cases of breech
presentation, 11 cases of dystocia and history of asphyxia,
and 1 case of a history of birth canal extrusion). Three
patients had a maternal history of medication use during
pregnancy (including epilepsy drugs, antibiotics, and
Chinese medicine) and one patient had a maternal history
of fertilizer exposure.

Hormone deficiency

Within the study cohort, 77% of patients suffered from
adrenocortical insufficiency, and 8 patients were treated
with glucocorticoids. A total of 14 patients suffered from
thyroid deficiency, and 10 patients had been treated with
thyroid hormone. Growth hormone deficiency was detected
in 19 patients, and 15 patients had been administered
GH (Table 1). A total of 8 patients were treated with
gonadotropin in other hospitals prior to receiving pulsatile
GnRH therapy, and 9 patients had received T replacement
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Table 1 The characteristics and medical history of 22 patients
No. Age* Height (cm)* Th:gs::;z:::tne Gg;zzz:zzid hoﬁ;zﬁii::gﬁgn i Gonadotropin  Testosterone p?;ﬁ:g:?;ﬂ ::rlggy
1 20 147 N N Y/Y N N 27
2 22 167 Y Y Y N Y 22
3° 22 164 N N YY Y Y 3
4° 25 172 Y Y Y/N Y Y Lost to follow-up
5 26 165 N N Y/Y N Y 12
6° 19 165 Y N Yy Y N 19
7% 28 166 Y Y YY Y Y 60
8 25 176 N N N/N N N 12
9 20 162 N N Y/Y N N 24
10° 16 165 Y Y YY N Y 3
11 23 156.5 Y Y YY N N 27
12 26 161 N N Y/Y Y N 16
13%¢ 20 173 N N Y/Y Y N 4
14% 25 158.5 Y Y Y/N Y N 15
15° 20 165 N Y Y/N N Y 28
16 21 163 Y N Y/N Y Y 26
17 22 167 N N Y/Y N N 24
18%° 24 169 N N YY N Y 20
19 19 172 N N YY N N 29
20 20 163 Y N Y N N 22
21° 33 170 Y Y N/N N N 16
22° 25 162 N N N/N N N 22

*, patient age at the commencement of pulsatile gonadotropin-releasing hormone (GnRH) therapy; *, patient height at the commencement
of pulsatile GnRH therapy. ?, achieved normal levels of leuteinizing hormone (LH) and testosterone (T) after treatment with pulsatile GnRH
therapy; °, Achieved the presence of sperm; °, continued using pulsatile GnRH therapy until follow-up; ¢, patients who had poor response
to prior gonadotropin treatment before admission to hospital. Y, yes; N, no; GH, growth hormone.

therapy prior to admission to our hospital (Table I).

Medical images

A total of 22 patients underwent pituitary MRI scans with
dynamic enhancement. The MRI revealed 19 cases of
patients with small anterior pituitaries, ectopic posterior
pituitary bright spots, and absence of the pituitary stalk
or a thin pituitary stalk (1 case presented with a Chiari-I
malformation with syringomyelia, 1 case had an arachnoid
cyst of the cisterna magna, and 2 cases presented with
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partially empty sella). One patient had a craniopharyngioma
and one patient presented with pituitary microadenomas.
There was only one case with a normal pituitary gland.

Testicular ultrasound showed that the testicular volume
of 18 patients was less than 3 mL. One patient presented
with cryptorchidism. The bone age of all the patients lagged
significantly behind their actual age.

Response to pulsatile GnRH therapy

All 22 patients were treated with pulsatile GnRH at
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Table 2 A comparison of hormone levels, testicular volume, penis length, and spermatogenesis in the whole study cohort before and after
pulsatile gonadotropin-releasing hormone therapy

Parameter Before After P value
LH (mIU/mL) 0.07 (0.07, 1.28) 1.43 (0.07, 5.03) 0.034°
FSH (IU/L) 0.92 (0.30, 1.88) 2.46 (0.88, 4.67) 0.029°
T (nmol/L) 0.53 (0.35, 0.91) 2.99 (0.91, 7.23) 0.001°
Testicular volume (mL) 0.75(0.48, 1.48) 2.60 (1.23, 4.98) <0.001°
The length of penis (cm) 3.45+1.35 7.59+3.57 <0.001°
Spermatogenesis (%, n/n) 0 22.73% (5/22) -
Rate of normal levels of LH and T (%, n/n) 0 22.73% (5/22) -

Normal range: FSH 1.27-19.26 IU/L, LH 1.24-8.62 mIU/mL, T 6.07-27.1 nmol/L. ® represents P<0.05, where P<0.05 indicates statistically
significant differences. LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone.

Table 3 The correlation coefficients among different parameters

Peak level of LH before the

Parameter

Average testicular volume
9 LH levels after treatment

treatment before treatment
Peak level of LH before the treatment 1.00 0.849° 0.775°
Average testicular volume before treatment - 1.00 0.706°
LH levels after treatment - - 1.000

? represents P<0.01, where P<0.05 indicates statistically significant differences. LH, luteinizing hormone.

10 pg/90 minute subcutaneously for 3 to 60 months, with an
average of 20.5+12.1 months. The follow-up period ranged
from 26-81 months, with an average of 50.5+17.3 months.
Case number 4 was lost to follow-up. During the
treatment, the dosage for case number 14 was increased to
12 pg/90 minutes to achieve a stronger effect, and
subsequently decreased to 10 pg/90 minutes until normal
levels of LH and T were achieved. A total of 6 patients
continued pulsatile GnRH therapy up until August 2019
(Table 1). The LH and T levels of 5 patients increased
to the normal range (7Table 2). Five patients achieved
spermatogenesis after an average of 13 months of treatment,
and 2 patients achieved reproductive success. Treatment
with GnRH therapy increased the levels of LH, FSH, and T
from 0.07 (0.07, 1.28) mIU/mL to 1.43 (0.07, 5.03) mIU/mL
(P=0.034), from 0.92 (0.30, 1.88) TU/L to 2.46 (0.88,
4.67) TU/L (P=0.029), and from 0.53 (0.35, 0.91) nmol/L
to 2.99 (0.91, 7.23) nmol/L (P=0.001), respectively.
Testicular volume increased from 0.75 (0.48, 1.48) mL to
2.60 (1.23, 4.98) mL (P<0.001) after pulsatile GnRH
treatment. The length of the penis was also increased from
3.45£1.35 to 7.59+3.57 cm (P<0.001) following pulsatile

© Annals of Palliative Medicine. All rights reserved.

GnRH treatment. In addition, 10 patients had pubic hair
growth, 7 patients had mane growth, 10 patients had
erections, 4 patients had spermatorrhea, and 8 patients
had beard growth, larynx growth, and voice changes.
Suprisingly, after using pulsatile GnRH therapy, the LH
levels of 4 patients increased to normal, but subsequently
decreased for different durations.

The LH levels following pulsatile GnRH therapy were
positively correlated with the basal testicular volume
(correlation coefficient 0.706, P<0.01) and the peak
level of LH before the treatment (correlation coefficient
0.775, P<0.01). Moreover, the peak level of LH before
the treatment was also positively correlated with the basal
testicular volume (correlation coefficient 0.849, P<0.01)
(Table 3).

The patients were divided into two groups, the good-
response group and the poor-response group. The good-
response group included patients with a substantial
increase in T and LH levels to levels within the normal
range. Patients with no substantial increase in T and LH
levels, with levels below the normal range were defined
as the poor-response group. The duration of treatment,
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Table 4 A comparison of hormone levels, testicular volume, penis length, spermatogenesis, and treatment duration between the good-response

group and the poor-response group

Parameter Good-response Group (n=7) Poor-response Group (n=15) P value
Duration of treatment (month) 13.70+7.40 23.90+12.80 0.032°
Baseline
LH (mlU/mL) 1.15(0.07, 1.91) 0.07 (0.07, 0.08) 0.020°
FSH (IU/L) 1.83 (0.79, 2.56) 0.47 (0.30, 1.09) 0.108
T (nmol/L) 0.62 (0.35, 1.42) 0.49 (0.35, 0.97) 0.495
Testicular volume (mL) 1.70 (1.19, 4.49) 0.68 (0.45, 0.88) 0.021°
The length of penis (cm) 3.71+0.95 3.72+1.69 0.984
After pulsatile GnRH treatment
LH (mlU/mL) 5.62 (3.90, 9.81) 0.07 (0.07, 1.28) 0.001°
FSH (IU/L) 4.11 (2.24, 5.56) 1.54 (0.48, 3.57) 0.077
T (hmol/L) 7.27 (4.49, 10.75) 1.18 (0.47, 3.26) 0.007°
Testicular volume (mL) 5.75 (4.98, 7.10) 2.05 (1.03, 3.45) 0.001°
The length of penis (cm) 10.58+2.33 5.91+2.82 0.004°
Spermatogenesis (%, n/n) 71.43% (5/7) 0 -
Patients who reached normal levels of LH and T 71.43% (5/7) 0 -
(%, n/n)

Normal range: FSH 1.27-19.26 IU/L, LH 1.24-8.62 mIU/mL, T 6.07-27.1 nmol/L. ® represents P<0.05, where P<0.05 indicates statistically
significant differences. LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone; GnRH, gonadotropin-releasing

hormone.

hormone levels, testicular volume, and spermatogenesis
were compared between the two groups. As shown in
Table 4, the duration of treatment in the good-response
group was 13.7+7.4 months, while the duration of treatment
for the poor-response group was 23.9+12.8 months
(P=0.032). At baseline, the levels of LH were significantly
higher in the good-response group compared to the poor-
response group [1.15 (0.07, 1.91) mIU/mL vs. 0.07 (0.07,
0.08) mIU/mL; P=0.020] and the volume of the testes was
significantly greater in the good-response group [1.70 (1.19,
4.49) mL] compared to the poor-response group [0.68 (0.45,
0.88) mL; P=0.021]. However, the levels of FSH and T, and
the length of the penis at baseline were not significantly
different between the two groups. After treatment with
GnRH, the levels of LH and T, the volume of the testes,
and the length of the penis in the good-response group
were significantly improved compared to the poor-response
group (Tuable 4). Spermatogenesis was detected in 71.43%
of the good-response group, and 5 patients reached the
normal levels of LH and T. However, none of the patients

© Annals of Palliative Medicine. All rights reserved.

in the poor-response group achieved spermatogenesis or the
acceptable range of LH and T.

In the study cohort of 22 patients, 8 patients had
responded poorly to prior gonadotropin treatment. These
patients with poor responses to gonadotropin were treated
with pulsatile GnRH therapy, and the LH and T levels of
3 of these patients (37.5%, 3/8) increased to the normal
range. The average levels of LH increased from 0.11 (0.07,
1.39) mIU/mL pre-treatment to 2.80 (1.78, 9.86) mIU/mL
post-treatment (P=0.028). Similarly, the levels of FSH and
T increased from 0.95 (0.37, 2.87) IU/L pre-treatment
to 4.32 (3.18, 6.08) IU/L post-treatment (P=0.028), and
from 0.53 (0.35, 2.03) nmol/L pre-treatment to 7.23 (3.26,
11.36) nmol/L post-treatment (P=0.028), respectively.
Furthermore, the testicular volume increased by more than
4 mL in 62.5% of patients, and the average volume of the
testes increased from 1.80 (0.78, 3.66) mL to 4.55 (3.91,
6.11) mL (P=0.025) after pulsatile GnRH treatment. The
length of the penis also increased from 3.9x1.1 to 8.8+
3.6 cm (P=0.009) post- pulsatile GnRH therapy. Moreover,
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Table 5 The efficacy of pulsatile gonadotropin-releasing hormone therapy among patients with poor response to gonadotropin therapy

Parameter Before GnRH pump treatment After GnRH pump treatment P value
LH (mlU/mL) 0.11 (0.07, 1.39) 2.80(1.78, 9.86) 0.028°
FSH (IU/L) 0.95 (0.37, 2.87) 4.32 (3.18, 6.08) 0.028°
T (nmol/L) 0.53 (0.35, 2.03) 7.23 (3.26, 11.36) 0.028°
Testicular volume (mL) 1.80 (0.78, 3.66) 4.55(3.91, 6.11) 0.025°
The length of penis (cm) 3.9+1.1 8.8+3.6 0.009°
Spermatogenesis (%, n/n) 0 25% (2/8) -

Patients who reached normal levels of 0
LHand T (%, n/n)

37.5% (3/8) -

Normal range: FSH 1.27-19.26 IU/L, LH 1.24-8.62 mIU/mL, T 6.07-27.1 nmol/L. ® represents P<0.05, where P<0.05 indicates statistically
significant differences. LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone; GnRH, gondatropin-releasing hormone.

the presence of sperm could be detected in 25% (2/8) of
these patients with poor gonadotropin response (7able 5).

Adverse reactions due to pulsatile GnRH therapy

Of the 22 patients who were followed up, 5 patients
developed hard subcutaneous hard masses, 1 patient
developed a rash, 5 patients had inflammation at the
injection site, 1 patient suffered ulcers at the site of
injection, and 2 patients had allergic reactions. Most of
these patients stop using pulsatile GnRH therapy due to the
inefficency, allergy inflammation at the injection site, rash,
or inconvenience.

Discussion

This study demonstrated that 71.4% of patients in the
good-response group had achieved spermatogenesis.
Among patients with poor response to gonadotropin and
T, 25% achieved spermatogenesis and 37.5% reached the
normal range of LH and T. This study demonstrated the
effectiveness of pulsatile GnRH therapy in patients with
hypogonadism caused by hypopituitarism.

The treatment of anterior pituitary dysfunction
mainly involves supplementing the target gland with the
appropriate hormone. For male patients with fertility
requirements, human chorionic gonadotropin (hCG) and
human menopausal gonadotropin (hMG) therapy can be
administered (12-16). Previous studies have shown that
pulsatile GnRH therapy is effective in inducing virilization
and spermatogenesis in patients with isolated congenital
HH (17). Moreover, some case reports have demonstrated

the effectiveness of pulsatile GnRH therapy in patients
with acquired hypopituitarism caused by pituitary tumor
resection or cranial radiotherapy (18-20). As early as 1989,
Professor Lu of our department reported that GnRH pulse
therapy had a stimulating effect on pituitary gonadotropin
cells in 10 patients with hypothalamic hypogonadism.
Shao er al. (21) reported 2 cases of hypogonadism caused
by pituitary stalk interruption syndrome. After 12 weeks
of pulsatile GnRH treatment, the levels of FSH, LH,
and T showed an upward trend, but the T value was still
lower than normal. However, pulsatile GnRH therapy has
been rarely reported for the treatment of patients with
hypogonadism that is caused by hypopituitarism. In the
present study, 22 such patients were treated with a pulsatile
GnRH therapy for 3 to 60 months with subcutaneous
pumps at 10 pg/90 minutes to 12 pg/90 minutes. After
the treatment, the clinical manifestations of the patients
showed varying degrees of improvement. Among the 22
patients, 7 reached the normal range of LH and T levels,
sperm production was detected in 5 patients , and 2 patients
achieved successful reproduction. The lack of success in
achieving normalized LH and T levels in some patients
may be due to years of alternative treatments without good
outcomes and thus, the opportune time for pulsatile GnRH
therapy may have been missed.

In the good-response group, the levels of LH, the
volume of the testes, and the rate of patients who reached
normal levels of LH and T were increased after the
treatment with pulsatile GnRH, suggesting that anterior
pituitary gonadotropic cells were still present. The results
suggested that T increases tend to lag behind the increases
seen in LH levels, which has been observed during the
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progression of normal pubertal development (22,23). This
phenomenon suggested that pulsatile GnRH therapy may
mimic a pubertal developmental course and may reflect a
more physiological therapy.

Considering the high costs associated with pulsatile
GnRH therapy, is not an option for use in the general
patient. However, for patients with poor responses to
gonadotropin therapy, pulsatile GnRH therapy may be
an excellent choice (24). As shown in this current study,
following pulsatile GnRH therapy in patients with poor
response to gonadotropin, the levels of LH, FSH, and T
were significantly increased compared with the baseline
data. The testicular volume and the length of the penis were
also significantly increased. Spermatogenesis was detected in
25% of these patients, and 37.5% reached the normal levels
of LH and T. It is possible that there is a gonadotropic
cell reserve in the pituitary gland which can respond to
stimulation by pulsatile GnRH therapy (1). Pulsatile GnRH
therapy may mimic a more physiological therapy compared
to gonadotropin or T  therapy. Furthermore, gonadotrophic
cell regeneration from pluripotent stem cells may play an
important role (25). The number of hormone-producing
cells could change according to physiological demands.

The duration and efficacy of using pulsatile GnRH
therapy varies in different study. Some research found that
the length of time for sperm to appear after using pulsatile
GnRH treatment ranged widely from 2-22 months (5). Most
patients require at least 2 years to maximize testicular volume
and achieve spermatogenesis, while patients with small testes
will take even longer (26). It has been reported that 82%
of patients achieved spermatogenesis after 24 months of
treatment (27). In this study, 71.4% of patients in the good-
response group achieved spermatogenesis after an average of
13 months of wearing the pump, and 2 patients successfully
reproduced. Patients with a larger testicular volume and
higher LH levels are likely to achieve better results. The rate
of spermatogenesis in the present study is much higher than
that observed in previous studies (1) and may be due to the
longer duration of pulsatile GnRH therapy.

It is generally believed that testicular volume before
treatment is one of the main factors affecting the prognosis
of patients with HH (5,28,29). When the pre-treatment
testicular volume is large (>4 mL) and the patients have
already undergone a certain degree of puberty, the
therapeutic effects of GnRH therapy are better. This study
demonstrated that the LH levels after pulsatile GnRH
treatment were positively correlated with the pre-treatment
testicular volume. Patients with larger basal testicular
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volume were also more responsive to treatment (ZTable 5).

In addition, this study revealed that the peak level of
LH was positively correlated with pre-treatment testicular
volume and the LH levels after pulsatile GnRH therapy,
suggesting that the GnRH stimulation test not only helps
to evaluate the reserve function of the pituitary GnRH cells
at a given time but may also be a prognostic factor for the
outcome of treatment with pulsatile GnRH (16).

In this study, the levels of sex hormones in some patients
returned to the normal range but then decreased again. This
may be due to mutations in the GnRH receptor gene which
may lead to the failure of pulsatile GnRH therapy (25).
Moreover, if antibodies against GnRH or its receptor are
produced during pulsatile GnRH treatment, it will also lead
to failure (25). In addition, the normal secretion rhythm
of GnRH may promote the secretion of sex hormones,
while the continued secretion of GnRH may inhibit the
secretion of gonadotropin and the function of the pituitary-
gonadal axis. Only physiological doses and frequencies
can restore the sensitivity of the pituitary gland. Belchetz
et al. (30) suggested that sustained GnRH stimulation
may produce a “desensitization” or “down regulation”
effect. Stanhope and colleagues (31) reported a case of
a woman being administered pulsatile GnRH therapy
(15 pg/90 minutes) to treat puberty retardation. She showed
a significant increase in uterus size, ovary size, and the
number of follicles during the first 2 months of treatment,
but after 3 months, the uterus, ovary, and follicles gradually
degenerated, without any growth after 7 months. The
researchers suggested that this may be related to the fact
that 15 pg/90 minutes of GnRH is too much for the patient
and caused “desensitization” of the pituitary gonadotropic
cells. The observations of our current study suggests that
close attention should be given to individual differences in
responses to pulsatile GnRH therapy, and the frequency and
dose of pulsatile GnRH treatment should be adjusted within
a range that can activate the pituitary-gonadal axis. This is
especially so for patients with secondary failure. Moreover,
when pulsatile GnRH therapy fails, mutations in the GnRH
receptor gene or the presence of antibodies against GnRH
or its receptors should be considered.

There are some limitations to this study. First, the
follow-up time was insufficient, and some data was lost.
Second, most patients had been treated unsuccessfully
with other options for many years prior to pulsatile GnRH
therapy and the optimal time for treatment may have been
missed. Third, the number of patients treated with pulsatile
GnRH therapy in this study was limited and further large-
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scale, randomized, controlled clinical studies are needed to
accumulate more clinical data.

Conclusions

In summary, the application of pulsatile GnRH therapy
in patients with hypogonadism caused by anterior
pituitary dysfunction increased LH levels, T levels, testes
volume, and penis growth, and helped patients achieve
spermatogenesis, especially among those who were poor
responders to gonadotropin.
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