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A B S T R A C T

Context: Gonadotrophin releasing hormone (GnRH) stimulation test is pivotal in the assessment of children with pubertal disorders. 
However, lack of availability and high cost often result in the test falling into disfavor. We routinely use the GnRH analogue stimulation 
test as an alternative at our center. Aim: To present the data on children with endocrine disorders who underwent GnRH agonist 
stimulation test in pediatric endocrine clinic of a tertiary care referral hospital. Setting and Design: Pediatric endocrine clinic of a 
tertiary care referral hospital. Retrospective analysis of case records. Materials and Methods: The details pertaining to clinical and 
radiological parameters and hormonal tests were retrieved from case records of 15 children who underwent GnRH agonist stimulation 
test from May 2010 to April 2011. Results: Indications for testing with GnRH analogue were evaluation of delayed puberty, diagnosis 
of precocious puberty, assessment of hormonal suppression in treatment of precocious puberty and micropenis in two, nine, three 
and one cases, respectively. The results of the test and clinical and radiological parameters were in concordance. The test was also 
crucial in diagnosing the onset of central precocious puberty in two children with congenital adrenal hyperplasia. Conclusion: GnRH 
agonist test is a convenient, safe test that can be performed on an out-patient basis and can help the clinicians in the correct diagnosis 
and appropriate treatment of various puberty-related disorders. 
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IntRoductIon 

Gonadotrophin releasing hormone (GnRH) stimulation 
test is an important tool in the evaluation of  children with 
pubertal disorders.[1] It is commonly performed to establish 
the diagnosis of  central precocious puberty, distinguish 
constitutional delay of  growth and puberty (CDGP) 
from hypogonadotropic hypogonadism, assess adequacy 

of  hormonal suppression in central precocious puberty 
(CPP) and evaluate hypogonadotrophic hypogonadism in  
infancy.[1-3] Stimulated gonadotrophin concentrations often 
score over basal values in their correlation with pubertal 
stage, pubertal progression and assessment of  pituitary 
reserve. Luteinizing hormone-releasing hormone (LH-RH), 
first synthetized in 1971, has been available for clinical 
purposes since then.[1] Conventional GnRH stimulation test 
involves intravenous administration of  LH-RH at doses of  
100 µg/m2 or 2.5 µg/kg and determination of  peak LH 
and follicle stimulating hormone (FSH) responses in five to 
eight blood samples in approximately 20–30 minutes, which 
makes it cumbersome and costly.[4-6] Hence, modifications 
of  the test have been extensively investigated, such as lesser 
sampling after the injection,[7,8] baseline LH[9] and LH/FSH 
ratio[10] to determine the onset of  puberty and the usage 
of  GnRH analogues.[11,12]
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There is profound difficulty in procuring LH-RH for 
routine clinical use in our country owing to logistic reasons. 
Further, comparison of  GnRH stimulation using analogues 
versus conventional LH-RH has been evaluated earlier 
and found to have similar efficacy.[13] GnRH analogue 
testing also has the advantage of  being performed on an 
outpatient basis with fewer sampling, when compared to 
the conventional GnRH stimulation test. Hence, at our 
center, we use the standard GnRH agonist test to evaluate 
children with pubertal disorders. Data on GnRH analogue 
tests from India are scarce. Hence, we present the utility 
of  GnRH analogue test along with clinical and laboratory 
data on children who have been assessed at our pediatric 
endocrine unit with a brief  review of  relevant literature.

mateRIals and metHods

Children presenting at the pediatric endocrine clinic of  a 
tertiary care teaching hospital over 1 year, from May 2010 
to April 2011, with pubertal disorders and evaluated using 
GnRH agonist Leupride stimulation test were included in 
the study. A retrospective analysis of  their case records 
was performed and data pertaining to hormonal tests 
and the clinical parameters are presented. The GnRH 
agonist testing at our center is performed using a standard 
protocol[14] that involves taking venous blood samples at 0 
hour (FSH and LH), administration of  Inj. Leupride in  a 
dose of  10 µg/kg subcutaneously, and collection of  blood 
samples repeated at 4 hours (LH and FSH) and 24 hours 
[LH, FSH and testosterone (boys) or estradiol (girls)]. The 
onset of  puberty is diagnosed if  serum testosterone level is 
>25 ng/dl in boys or estrogen level is >10 pg/ml in girls.[5]

GnRH analogue, available as Inj. Lupride (Sun 
pharmaceuticals, Mumbai India) in 1 mg/0.5 ml, was 
administered in a dose of  10 µg/kg by subcutaneous route. 
Serum LH, FSH, estradiol and testosterone were measured 
by the nonisotopic, automated chemiluminescence 
immunoassay system, Architect (Abbott Laboratories, 
Chicago, IL, USA). The detection limit was 0.05 mIU/
ml for FSH and 0.07 mIU/ml for LH. The minimum 
detectable levels of  estradiol and testosterone were 10 
and 0.08 ng/ml, respectively. The intra- and inter-assay 
coefficients of  variation were <10% for all biochemical 
parameters.

Ethical clearance was obtained from the institutional ethics 
committee to review the case records of  children who 
underwent GnRH analogue testing.

Results

During the study period, 15 children presenting with 

pubertal problems at our endocrine clinic underwent 
GnRH agonist stimulation testing. Out of  the 15 children, 
6 were boys. The indications for GnRH stimulation 
testing were evaluation of  delayed puberty, diagnosis of  
precocity, assessment of  efficacy of  suppressive therapy 
in precocious puberty and suspected hypogonadotrophic 
hypogonadism with micropenis in two, nine, three and 
one children, respectively. The relevant clinical, laboratory 
and radiological features are depicted in Table 1 and 
GnRH analogue testing results with final interpretation 
are illustrated in Table 2.

Two boys underwent testing to establish the etiology of  
delayed puberty. Case 1 had low baseline LH and FSH. 
The incremental response of  LH to GnRH analogue was 
optimal in case 1 and suboptimal in case 2. Hence, we 
arrived at a diagnosis of  constitutional delay in growth and 
puberty in case 1 and hypogonadotrophic hypogonadism 
in case 2. 

Case 3–11 underwent testing for early onset of  secondary 
sexual characteristics. Subjects 5, 7, 8, 9 and 10 were 
diagnosed as CPP as they had advanced skeletal age, height 
age, pubertal status of  reproductive organs on ultrasound 
and pubertal response in GnRH stimulation test, and were 
started on GnRH analogue therapy as their predicted 
adult height was <−2 SD as per the skeletal age. Subject 
6 had a predominant FSH response on stimulation, no 
undue advancement of  height age and pre-pubertal state 
of  reproductive organs on ultrasonography. Hence, a 
diagnosis of  premature thelarche was made. Subject 11 was 
diagnosed as peripheral precocious puberty as the estradiol 
levels were pubertal, but gonadotrophins were not showing 
a pubertal increment on GnRH stimulation. A diagnosis 
of  Mccune–Albright syndrome was made owing to the 
presence of  café au laid spots. Subject 3 had suppressed 
gonadotrophins and generalized skin pigmentation, hence 
isosexual precocity arising due to missed congenital adrenal 
hyperplasia (CAH) was considered and confirmed by 
investigations and hydrocortosine replacement was started. 
However, in view of  the increased testicular volume, a 
GnRH test was performed to confirm the associated 
CPP, which revealed a threefold increase in the stimulated 
gonadotrophin concentrations over the baseline.[5] Hence, 
additional therapy with suppressive GnRH analogues was 
initiated. Subject 4 was a known case of  CAH on treatment, 
presenting with rapid advancement of  height age and 
skeletal age and testicular volumes in spite of  adequate 
glucocorticoid therapy. Hence, GnRH stimulation test 
was performed which showed the patient had entered 
true central precocity, and GnRH suppression therapy was 
advised to augment final height.
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Case 12, 13 and 14 were children with CPP on GnRH 
suppressive therapy with depot preparations of  Inj. 
Leupride. Central suppression of  gonadotrophins was 
assessed in these children by measuring LH, FSH and 
sex steroids, 4 hours post-analogue therapy. Adequate 
suppression of  hormones in case 12 and 13 was seen, 
hence the same regimen was continued. However, in child 
14, the LH and estradiol were unsuppressed [Table 2], 
which was correlated with the clinical picture. Child 14 
had developed tenderness in the breast and progression of  

secondary sexual characteristics with acceleration of  height. 
Therefore, the dose was increased from 11.25 to 22.5 mg. 
The advancement of  skeletal age, height and secondary 
sexual characteristics was well controlled with this dosage 
when she came for follow-up after 3 months.

Case 15 was a child with micropenis (penile length < 
−2.5 SD)[15] and had no ambiguity of  genitalia. Basal 
gonadotrophins revealed low LH levels, and hence 
GnRH stimulation was performed which demonstrated 
an incremental response of  LH [Table 2].

Table 1: The clinical features and investigations of the study population
Age in 
years

Sex Clinical features Investigations Bone age in years 
(TW2a)

13.5 Male Delayed secondary sexual characteristics
HAZb score = −1.4
Tanner staging: A1P1G1T2mlT2mlc

TFTd – N, normal hemogram 11.5

16 Male Delayed secondary sexual characteristics
HAZb score = −1.2
Normal body proportions
Gynecomastia (<4 cm)
Tanner staging: A1P1G1T3mlT3ml
Operated for left undescended testis

TFTd – N
Karyotype: 46XY

14

5.5 Male Rapid progression of secondary sexual characteristics
Generalized skin pigmentation +
Tanner staging: A2P2G3T6mlT6ml
Rapid rate of growth

MRI N
17-OH progesterone >25 ng/ml

9.2

9.5 Male Known simple virilizing CAH on Rx
Rapid advancement of bone age from 12 to 13.5 in 6 months
Rapid increase HAZb score (+1.1) in 6 months
Testicular volume >6 ml

17-OH progesterone 3 ng/ml 13.5

7.5 Female Bilateral breast enlargement
Tall for age (HAZb = +0.5)

USG pubertale 10.3

2.4 Female Unilateral breast enlargement
HAZ within target range

USG prepubertal Not done

8.5 Female Bilateral breast enlargement
Tall for age (HAZb = +1.1)

USG pubertal 11.3

8 Female Bilateral breast enlargement
Tall for family (HAZb = +0.8), target height Z score = −1.1

USG pubertal 13.1

7.6 Female Bilateral breast enlargement
Tall for age (HAZb = 0, MPHf Z score −1.3)

USG pubertal 12.5

3.6 Female Unilateral breast enlargement
Tall for age HAZb = +1.3

USG Pubertal Not done

3.6 Female Unilateral breast enlargement
Tall for age HAZb = +1.1
Large café au laid spot present over the pubic region

USG pubertal
MRI brain – normal

4.8

8.5 Female No progression in Tanner stage
HAZb score static

At diagnosis pubertal Advanced at diagnosis

5.8 Male No progression in Tanner stage
HAZb score static

At diagnosis pubertal Advanced at diagnosis

9.2 Female Tender nodule left breast +
HAZb score acceleration from +0.2 to +0.9

At diagnosis pubertal Advanced at diagnosis

0.25 Male Stretched penile length – 1.2 cm
Birth weight – 2.5 kg
Both testes palpable

Karyotype: 46XY
Serum testosterone values with 
HCG stimulation test: 25.5 ng/dl 
pre-stimulation
222.4 ng/dl post-stimulation

Not done

aBone age assessed by Tanner Whitehouse 2 method[24], bZ-score for height for chronological age calculated using Indian references[25], cTanner stage: A – axillary hair,  
P – pubic hair, G – penile stage (boys), B – breast stage in girls, T –testicular volume in ml right and left[26], dThyroid function tests, eUSG pubertal – findings on ultrasound 
pelvis reveal uterine length >2 SD for age, ovarian volume >2 SD for age, endometrial echoes visualized, fundocervical ratio >1.5, uterus pear shaped (SD score calculated 
based on Indian references[27]). fMid parental height
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dIscussIon

We have presented the results of  GnRH analogue testing 
in 14 children with puberty related disorders. GnRH 
analogue test is based on the principle that the 4-hour 
sample would indicate the gonadotrophin reserve and 
the 24-hour sample would gauge the gonadal response 
to endogenous gonadotrophins.[15] Cost-effectiveness of  
GnRH analogue test (approximately INR 2500) is thrice 
that of  the conventional GnRH test (INR 7500). GnRH 
analogue test also scores over conventional GnRH testing 
in terms of  availability and convenience as the former can 
be performed on an out-patient basis with fewer sampling 
(three in former versus six to eight in the latter). Also, in 
patients who are on treatment with GnRH analogues, LH 
and FSH levels at 4 hours after the therapeutic injection 
can be used to assess the adequacy of  suppression.

The rationale of  using GnRH testing to distinguish CDGP 
from hypogonadotrophic hypogonadism would be that 
priming of  the former in minipuberty during infancy with 
sex steroids is absent in the latter. The stimulated values 
of  LH to discriminate the two conditions are variable: 
2.8 IU/l,[16] 5.8 IU/l,[17] 4.2 IU/l.[6] The response of  the 
gonadotrophins to GnRH in case 1 (4 hour LH 2.79 
IU/l) was close to a pubertal response, and hence labeled 
as CDGP.[17] However, a suboptimal increment of  LH 
in case 2 (0.97 IU/l) is in line with the clinical features 
of  hypogonadotrophic hypogonadism in this child, like 
gynecomastia, undescended testis and normal karyotype. 
Based on the results, we counseled case 2 for lifelong 

hormone replacement therapy and case 1 on the benign 
nature of  his condition and need for follow-up at our clinic.

GnRH testing in precocious puberty has to be interpreted 
on the background of  the clinical picture pertaining 
to skeletal age advancement, height advancement and 
rate of  progression of  secondary sexual characteristics. 
Although numerous interpretations of  stimulated values 
of  gonadotrophins have been reported in literature, at 
our center we follow a stimulated LH cut-off  of  >3.3 
IU/l[18] or a threefold rise in the stimulated gonadotrophin 
level[5] to diagnose CPP. Usage of  this test helped us 
rightly distinguish CPP in cases 5, 7, 8, 9, 10 (who had 
advanced skeletal maturation >2 SD over chronological 
age, advanced height SD scores, mature pelvic reproductive 
organs), premature thelarche in case 6 (who had less 
advancement in height age and had pre-pubertal pelvic 
organs) and peripheral precocious puberty in case 11. We 
diagnosed the onset of  central precocity in two children 
with CAH (case 3, 4) as the testosterone levels were >25 
ng/dl, despite 17-hydroxyprogesterone being normal 
(which indicates that the CAH is effectively controlled 
by hydrocortisone suppression therapy).[19] Subsequently, 
clinical control in growth velocity and secondary sexual 
characteristics has been noted.

The pharmacokinetic properties of  the depot preparation 
show that it contains two parts – one in the microspheres 
causing long-term action and some free particles causing 
rapid onset of  action. The efficacy of  suppression can be 
assessed by gonadotrophin concentrations shortly after a 

Table 2: Clinical indications, GnRH analogue stimulation test results and their final interpretation
Indication FSH (IU/l)

0 hour
FSH (IU/l)
4 hours 

FSH (IU/l)
24 hours

LH (IU/l)
0 hour

LH (IU/l)
4 hours

LH (IU/l)
24 hours

Sex 
steroids

Final interpretation

Delayed puberty 1.96 12.4 4.2 0.1 2.79 0.26 70# CDGP
Delayed puberty 1.05 10.8 2.9 0.1 0.97 0.18 Hypogonadotrophic 

hypogonadism
Early secondary sexual 
features

0.42 1.33 3.26 0.09 0.83 2.77 100# CAH + CPP

CAHc + rapid growth 0.24 1.41 0.59 0.13 0.42 0.22 61# CAH + CPP

Evaluation of thelarche 1.32 15.5 7.40 0.24 3.16 0.97 45.8€ CPP
Evaluation of thelarche 4.6 56.0 20.4 <0.07 2.5 1.2 100.4€ Premature thelarche
Evaluation of thelarche 7.4 39.4 1.4 0.75 6.7 0.11 40€ CPP
Evaluation of thelarche 0.3 18.2 0.12 4.8 59.4€ CPP
Evaluation of thelarche 2.1 31.6 15.1 0.8 6.9 2.0 32.5€ CPP
Evaluation of thelarche 2.6 7.2 3.7 46.6 51.2 CPP
Evaluation of thelarche 0.31 3.4 1.25 0.25 0.6 0.46 167€ Peripheral precocious puberty
CPP on Rx --- 0.45 --- --- 0.18 --- <10€ Well-controlled CPP
CPP on Rx --- 0.23 --- --- 1.54 --- 35 # Well-controlled CPP
CPP on Rx --- 1.8 --- --- 3.3 --- 32€ Poorly controlled CPP
Micropenis 1.88 16 4 <0.07 2.9 1.5 25.5# Hypogonadotrophic 

hypogonadism ruled out
#Serum testosterone levels in ng/dl, €Serum estradiol in pg/ml, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, CAH: Congenital adrenal hyperplasia,  
CDGP: Constitutional delay in growth and puberty, CPP: Central precocious puberty, Rx: Treatment
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depot injection. There is no consensus on the timing of  
the hormonal estimation and the cut-off  value to quantify 
adequate suppression. Recommendations on timing of  
sample after injection include 40 minutes[20] and 2 hours[21] 
from western studies and 3 hours from Indian studies.[22] 
The recommended cut-off  for LH varies from 2[20] to 6.6 
IU/l.[21] At our center, we draw blood sample of  children 
4 hours after the injection of  depot. The interpretations 
of  the hormonal tests [Table 2] are in conjunction with 
the clinical picture [Table 1]. Hence, the same dosage was 
continued for case 11 and 12, whereas it was increased 
for case 13.

Case 15 with micropenis had low gonadotrophin 
levels. Hence, the possibility of  hypogonadotrophic 
hypogonadism was considered in the differential diagnoses. 
However, stimulated LH levels were normal. Hence, 
hypogonadotrophic hypogonadism was ruled out in this 
infant using the GnRH analogue testing. Results of  the 
human chorionic gonadotrophin (HCG) stimulation test 
were suggestive of  androgen receptor insensitivity. High 
basal testosterone concentration is not a universal finding 
in Androgen Insensitivity Syndrome,[3] the surge in LH with 
GnRH is also described in healthy infants,[23] and growth 
hormone deficiency can present with normal growth in 
the first year of  life, and micropenis – these entities were 
considered for the child. The child was treated with three 
monthly doses of  testosterone 25 mg intramuscularly.[15]

Our study is not without limitations. An ideal methodology 
would have been to subject all the children to an intravenous 
GnRH stimulation test after an analogue test and look for 
similar results. However, retrospective nature of  the study 
and nonavailability of  LH-RH prevented us from its usage. 
However, the concordance between the clinical parameters, 
progress and GnRH analogue stimulation test results is an 
indicator of  applicability of  this test in routine practice. 
Also, a cut-off  of  stimulated LH that distinguishes CPP 
and Gonadotrophin Independent Precocious puberty 
(GIPP) for our children could not be arrived at owing to 
the small sample size.

To conclude, GnRH agonist stimulation test is a useful 
tool in the diagnosis children with pubertal disorders. 
The response of  our patients to GnRH agonist test was 
in concordance with the clinical diagnosis and response 
to therapy. The test can be carried out on an out-patient 
basis, requires no intravenous medications and requires 
fewer samples. Hence, GnRH agonist test is more cost-
effective, safe, easily available, and yet, as efficacious as the 
conventional GnRH testing in helping the clinician arrive 
at the correct diagnosis.
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