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Abstract
The gonadotropin releasing hormone
(GnRH) secreting hypothalamic hamar-
toma (HH) is a congenital malformation
consisting of a heterotopic mass of nerv-
ous tissue that contains GnRH neurose-
cretory neurons attached to the tuber
cinereum or the floor of the third ventri-
cle. HH is a well recognised cause of gona-
dotropin dependent precocious puberty
(GDPP). Long term data are presented on
eight children (five boys and three girls)
with GDPP due to HH. Physical signs of
puberty were observed before 2 years of
age in all patients. At presentation with
sexual precocity, the mean height stand-
ard deviation (SD) for chronological age
was +1.60 (1.27) and the mean height SD
for bone age was −0.92 (1.77). Neurologi-
cal symptoms were absent at presentation
and follow up. The hamartoma diameter
ranged from 5 to 18 mm and did not
change in six patients who had magnetic
resonance imaging follow up. All patients
were treated clinically with GnRH ago-
nists (GnRH-a). The duration of treat-
ment varied from 2.66 to 8.41 years. Seven
of the eight children had satisfactory
responses to treatment, shown by
regression of pubertal signs, suppression
of hormonal levels, and improvement of
height SD for bone age and predicted
height. One patient had a severe local
reaction to GnRH-a with failure of hor-
monal suppression and progression of
pubertal signs. It seems that HH is benign
and that GnRH-a treatment provides sat-
isfactory and safe control for most chil-
dren with GDPP due to HH.
(Arch Dis Child 1999;80:231–234)
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Gonadotropin dependent precocious puberty
(GDPP) occurs as a result of premature pitui-
tary stimulation and increased secretion of
gonadotropins. The advent of magnetic reso-
nance imaging (MRI) has made the diagnosis
of central nervous system lesions more precise
and accurate. Gonadotropin releasing hor-
mone (GnRH) secreting hypothalamic hamar-
toma (HH) is the most common known cause
of GDPP. It is a benign congenital malforma-
tion of the brain consisting of a heterotopic
mass of nervous tissue that contains GnRH
neurosecretory neurones. HH is usually situ-
ated in the posterior hypothalamus between the
tuber cinereum and mamilliary bodies or on
the floor of the third ventricle.1 2

The goal of treatment in GDPP is to ensure
the regression or arrest of secondary sexual
characteristics and of skeletal maturation to
preserve genetic height potential. Treatment
with GnRH agonists (GnRH-a) induces down-
regulation of luteinising hormone (LH) and
follicle stimulating hormone (FSH) secretion,
thereby suppressing the hypothalamic pituitary
gonadal axis.3

Current data support the eVectiveness and
safety of GnRH-a treatment for GDPP,
whether of the idiopathic type or secondary to
HH.1 Side eVects are reported rarely.4–6

We present long term clinical, radiological,
and therapeutic data for eight children with
GDPP due to HH.

Patients and methods
Eight patients with HH (five boys and three
girls) had onset of pubertal signs between birth

Table 1 EVects of GnRH-a treatment on clinical features, height standard deviation (SD) for chronological age, and
height SD for bone age in GDPP due to hypothalamic hamartoma

Patient

CA at onset of
GnRH-a
treatment (years)

Age at
treatment
(years)

Baseline Latest visit

Tanner
stage

Height SD
for CA

Height SD
for BA

Tanner
Stage

Height SD
for CA

Height SD
for BA

1 1.33 8.4 G2PH1 +0.21 +1.46 G1PH1 −0.47 +1.37
2 1.91 3.4 G2PH3 +2.90 −1.32 G1PH2 +2.24 +0.60
3 2.16 2.8 G2PH1 +0.20 +0.20 G1PH1 +1.09 +0.68
4 1.16 3.6 G2PH2 +2.81 +0.16 G1PH1 +3.05 +1.59
5* 2.5 5.0 – – – G4PH4 +5.87 −0.51
6 1.33 6.9 B3PH1 +1.04 −0.66 B3PH1 +3.11 +0.02
7 1.83 4.1 B4PH3 +3.0 −3.71 B3PH3 +3.52 +0.46
8 1.08 2.7 B2PH1 +1.04 −2.60 B1PH1 +0.33 +3.10
Mean (SD) 1.66 (0.51) 4.61 (2.05) +1.60 (1.27) −0.92 (1.77) +1.83 (1.54) +1.11 (1.02)
Range 1.08 to 2.5 2.66 to 8.41 0.2 to 3.0 −3.71 to 1.46 −0.47 to 3.52 0.02 to 3.10

*Case 5 was not included in the statistical analysis; p < 0.05 (baseline height SD for bone age v latest height SD for bone age).
CA, chronological age; BA, bone age; B, breast; PH, pubic hair; G, genitalia (testicular size), according to Tanner’s criteria.
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and 2 years of age. Pubertal development was
evaluated according to Tanner’s criteria.7 8

Table 1 presents clinical features of these
patients. No intellectual impairment, seizures,
or behavioural disturbances were observed.

The GnRH stimulation test was done by
administering 100 µg of intravenous GnRH
(HRF, Wyeth-Ayerst; Maidenhead, Berkshire,
UK) with blood samples for gonadotropin
measurements obtained before and 15, 30, 45,
and 60 minutes after injection. Plasma LH
and FSH, testosterone, oestradiol, and de-
hydroxyepiandrosterone sulphate (DHEA-S)
were measured by radioimmunoassay or im-
munofluorometric assay. We considered the
response as pubertal when peak LH concen-
trations were > 7.0 IU/l for girls and > 8.4 IU/
l for boys when measured by immunofluoro-
metry, and peak LH > 15 IU/l for girls and
> 25.5 IU/l for boys when measured by
radioimmunoassay.3 9 The test was repeated
every six months during treatment—
immediately before a new GnRH-a adminis-
tration for monitoring GnRH-a treatment.
Adequate suppression during treatment was
accepted if the peak values after GnRH were
< 1.7 IU/l for LH and 2.5 IU/l for FSH
according to Parker et al.10 Bone age was
determined according to Greulich and Pyle.11

The neuroradiological assessment was done in
all patients using MRI interpreted by the same
radiologist (LSSL). All patients were treated
with a GnRH-a, either goserelin (3.6 mg
intramuscularly) or leuprolide acetate
(3.75 mg subcutaneously), every four weeks.

STATISTICAL ANALYSIS

Comparison between height standard devia-
tion (SD) for bone age at onset of treatment
and the latest evaluation was analysed by
Friedman test.

Results
The main problems in girls were premature
breast development and menarche, whereas in
boys they were pubic hair development,
increased testicular size, and penile
enlargement. Treatment with GnRH-a ar-
rested or involuted sexual characteristics in
seven of the eight patients. The hamartoma
was attached in proximity to the tuber
cinereum and mamilliary bodies and extended
into the suprasellar cistern in all patients.

Hamartomas ranged in diameter from
5–18 mm. All patients had sessile masses. The
duration of follow up with neuroimaging was
4–6 years in six patients. Neither the size nor
the shape of the harmatoma changed over time
in these patients.

All children had an initial pubertal response
after their GnRH test (table 2). Treatment with
GnRH-a suppressed basal and peak LH and
FSH concentrations after GnRH administra-
tion in seven of eight patients.

The mean height SD for chronological age
was +1.6 (1.27) at baseline and 1.83 (1.54) at
the latest visit. The mean height SD for bone
age increased significantly from −0.92 (1.77)
to 1.11 (1.02) (p < 0.05) during GnRH treat-
ment (table 1).

Six patients were treated with GnRH-a every
four weeks with a good response. The treat-
ment of patient 6 was changed to GnRH-a
every three weeks because he presented with
partial failure of hormone suppression and
pubertal progression on standard treatment,
with later arrest of pubertal signs.

One patient (case 5) presented with a severe
local reaction at the injection site, resulting in
induration and erythema followed by sterile
abscess formation and treatment failure,
which was characterised by progression of
pubertal signs and bone age and non-
suppressed testosterone and gonadotropin
concentrations. He had been treated
previously elsewhere with three diVerent
GnRH-a (leuprolide acetate, goserelin, and
tryptorelin) over approximately four years with
short acting and depot presentations and
diVerent forms of administration (daily,
monthly) with poor outcome. When first seen
in our clinic he was 7 years old with a bone age
of 14 years and Tanner pubertal stage V. Tes-
tosterone concentrations and GnRH stimu-
lated LH concentrations were high. He
presented with local induration at the injection
sites characterised by atrophy of subcutaneous
tissue and nodule formation. We used another
GnRH-a (goserelin) together with an antihis-
tamine every four weeks for three months, but
he again developed local induration with
failure of hormone suppression, and has been
treated subsequently with cyproterone acetate
75 mg/m2.

Table 2 Peak GnRH stimulated concentrations of gonadotropin and sexual steroids in eight children with GDPP due to
HH before and during treatment with GnRH-a

Patient Sex

Peak LH (IU/L) Peak FSH (IU/L) Testosterone (ng/dl) Oestradiol (pg/ml)

Baseline
1 year after
treatment Baseline

1 year after
treatment Baseline

1 year after
treatment Baseline

1 year after
treatment

1 M 36* 1.7 18* < 1 213* < 10*
2 M 77 1.0 22 < 1 275* 23*
3 M 13 0.9 4 < 1 34* 22*
4 M 13 1.6 2 < 1 241* 23*
5 M 37* 23 13* 11 251* 565*
6 F 52* 1.5 9* < 1 < 10* < 6.8
7 F 23 1.5 8 < 1 15* < 6.8
8 F 23 1.0 13 < 1 11 < 6.8

*Radioimmunoassay.
Normal pubertal response LH peak after 100 µg of GnRH: for girls, >15 IU/l radioimmunoassay, > 7.0 IU/L immunofluorometric
assay; for boys, > 25.5 IU/l radioimmunoassay , > 8.4 IU/l immunofluoremetric assay.
Testosterone (ng/dl): prepubertal levels < 30 ng/dl (radioimmunoassay).
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Discussion
Hypothalamic and adjacent lesions are well
described causes of precocious puberty and
include hamartomas, gliomas, ectopic pineal-
omas, craniopharyngiomas, neurofibromas,
tuberculous meningitis, suprasellar arachnoid
cysts, and basilar artery aneurysms. Hypotha-
lamic hamartomas are one of the most
frequently cited causes of GDPP.12

The HH functions as an ectopic GnRH
pulse generator that escapes the intrinsic
central nervous system inhibitory mechanism
which restrains the onset of puberty during the
juvenile pause, thus resulting in GDPP.1

Patients with HH have physical signs of
puberty indistinguishable from those with
idiopathic GDPP.13

The diagnosis of GDPP due to HH is
suggested by early onset of sexual precocity,
generally before 2 years of age, especially if
associated with gelastic seizures without focal
neurological signs, in the presence of an
isodense hypothalamic mass, seen on neuro-
imaging.

MRI is the imaging method of choice in the
diagnosis of GDPP. The interpeduncular mass
is well defined on computed tomography, but
fine slices (2–3 mm width) in both axial and
coronal planes should be used. The appear-
ances on MRI are similar. The advantages of
MRI over computed tomography are the
avoidance of ionising radiation and iodine con-
trast medium and the possibility of obtaining
clear visualisation in the sagittal as well as
coronal and axial planes. The persistent grey
matter intensity of the lesion in T1 and T2
weighted images indicated the homogeneous,
neuronal nature of the masses.12 The most
common presentation of HH was a small and
well defined mass in the inferior side of the
hypothalamus, showing isointensity on T1
weighted images and hyperintensity on T2
weighted images compared with the grey
matter.2

MRI identified central nervous system le-
sions in 12 of 70 children with GDPP referred
to the developmental endocrinology unit at the
University of São Paulo medical school. Apart
from the eight patients with HH reported here,
two patients had arachnoid cysts, one menin-
gomyelocele, and one neurofibromatosis with
cerebellar glioma.

Long term GnRH-a treatment was satisfac-
tory in seven cases. All patients presented
arrest or regression of secondary sexual
characteristics, significant improvement of the
mean SD height for bone age (table 1) and
hormonal level suppression, as shown by basal
and GnRH stimulated concentrations of LH
at prepubertal levels (table 2). One boy
presented with a local reaction followed by
failure of hormonal suppression with progres-
sion of pubertal signs. The severe local
reaction developed at the site of depot
GnRH-a injection, followed by obvious escape
from the intended gonadotropin suppression.
The most likely cause of the local reaction is
the biodegradable microcapsules made from a
copolymer of lactic and glycolic acids (the
“vehicle”). In these situations, investigators

have increased the dosage in the hope that
more drug will be absorbed, or the dose
frequency is altered to every three weeks,
although data do not exist to substantiate the
eYcacy of either strategy.14–16

The incidence of all types of clinically
evident reactions to the depot GnRH-a
injections is somewhat diYcult to ascertain.
Manasco et al cited 3−8% of children with
local reactions.13 We have treated 70 patients
with GDPP, using two long acting GnRH-a
(leuprolide acetate or goserelin), and observed
local reactions in one girl characterised by
hyperaemia, and a severe local reaction in one
boy.

In our study, none of the patients presented
with neurological disorders. The hamartoma
diameter of our patients ranged from
5–18 mm. Mahachoklertwattana et al reviewed
the relation between the size of the HH and the
occurrence of seizures,1 demonstrating that no
patients with a hamartoma diameter of less
than 10 mm had seizures; in contrast, all
patients with a hamartoma of 25 mm or larger
had seizures.

Late MRI evaluation in six of our cases
showed stability of lesions in shape, size, and
signal intensity. Surgical intervention in HH
may be necessary in the rare instance of mass
enlargement or compression of adjacent
tissues causing progressive neurological
deficit, hydrocephalus, or intractable
seizures.1 6 13 17 A recent report concluded that
total resection of an HH is the only surgical
procedure that has a significant chance of
reversing precocious puberty, and for
pedunculated HH, total removal can be
accomplished safely. Prolonged follow up of
the two patients who underwent surgery
showed that puberty reversal had not been
complete, and permanent cure of the GDPP
had not been achieved. The authors recom-
mended that the initial management for a
child with GDPP due to HH, even when it is
pedunculated, should be clinical treatment
with GnRH-a.18

We conclude that HH was the most frequent
known cause of GDPP in our series, behaved
benignly, and that GnRH-a treatment provided
satisfactory and safe control of precocious
pubertal development.
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