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Gamma Knife radiosurgery for hypothalamic hamartoma

preserves endocrine functions
*Frederic Castinetti, *Thierry Brue, *Isabelle Morange, †Romain Carron, and †Jean R�egis

SUMMARY

Gamma Knife radiosurgery (GK) is an effective treatment for hypothalamic hamar-

toma. No precise data are available on the risk of endocrine side effects of this treat-

ment. In this study, 34 patients with hypothalamic hamartoma (HH) were followed

prospectively at the Department of Endocrinology, La Timone Hospital, Marseille,

France, for a mean follow-up of >2 years (mean � standard deviation [SD]

3.6 � 2 years). Initial pre- and post-GK radiosurgery evaluations were performed,

including weight, body mass index (BMI), and a complete endocrinological workup. At

diagnosis, eight patients presented with central precocious puberty at a mean age of

5.4 � 2.4 years. At the time of GK (mean age 18.2 � 11.1 years), two patients previ-

ously treated with surgery presented with luteinizing hormone/follicle-stimulating

hormone (LH/FSH) deficiency. After GK, only one patient presented with a new thy-

rotropin-stimulating hormone (TSH) deficiency, 2 years after the procedure. The

other pituitary axes remained normal in all but two patients (who had LH/FSH defi-

ciency prior to GK). There was no significant difference between pre- and post-GK

mean BMI (26.9 vs. 25.1 kg/m2, p = 0.59). To conclude, in this group of 34 patients, GK

did not induce major endocrinologic side effects reported with all the other surgical

techniques in the literature. It is, thus, a safe and effective procedure in the treatment

of hypothalamic hamartoma.
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gain.

Hypothalamic hamartoma is a rare, slowly growing
benign lesion arising from the floor of the third ventricle,
tuber cinereum, or mammillary bodies. It can be asymp-
tomatic, or revealed by neurologic disturbances (mainly
gelastic seizures).1 Hypothalamic hamartoma is usually
sporadic, even if mutations in the zinc finger transcription
factor gene of the GLI family (GLI3) have been reported. In
a large series of 76 patients with GLI3 mutations, 4 of 13
patients tested were reported to have growth-hormone (GH)

deficiency, and one presented initially with panhypopitu-
itarism.2

Hypothalamic hamartoma can be associated with central
precocious puberty in 30% to 80% of cases.3 This symptom
is usually seen in patients carrying pedunculated hypothala-
mic hamartomas. The precise mechanisms by which
hypothalamic hamartomas could induce precocious puberty
remain unclear; activation of gonadotropin-releasing hor-
mone (GnRH) via astroglial-derived factors, induction of
hypothalamic pubertal neuroendocrine function by secre-
tion of transforming growth factor, or ectopic GnRH neu-
rosecreting cells (ectopic GnRH pulse generator) located in
the hamartoma have all been proposed as hypotheses.
Patients with hypothalamic hamartoma in the near vicinity
to the GnRH system (median eminence, para-hypothalamic
position) might be at higher risk of developing precocious
puberty. Central precocious puberty in hypothalamic
hamartoma correlates with anatomic features, particularly
the position in contact with the tuber cinereum or
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infundibulum, but not to expression of GnRH, transforming
growth factor a (TGFa), or Kiss-1-metastasis-suppressor
(KISS1).4 Age at diagnosis is frequently before 2 years,5

leading to a final shorter stature than expected if left
untreated by GnRH agonists.6

In contrast to central precocious puberty, pituitary defi-
ciencies are rarely present at diagnosis. In a series of 21
patients with hypothalamic hamartoma, Taylor and col-
leagues reported the lack of pituitary deficiencies in their
patients compared with patients with other pediatric
hypothalamic-pituitary lesions, such as craniopharyngioma
(pituitary deficiencies in more than two thirds of the
patients), suprasellar arachnoid cyst (50%), germ cell tumor
(50%), and optic pathway glioma (20%).7 Freeman et al.
reported the results of presurgical endocrine evaluation of
29 patients aged 4–23 years presenting with hypothalamic
hamartoma: four patients were found to have thyroid
stimulating hormone (TSH) deficiency, whereas five had
complete GH deficiency. Of note is that low cortisol levels
were also reported in six patients. However, some of these
patients had been treated previously with surgery, and it is
thus difficult to ascertain whether the observed pituitary
deficiencies were ascribable to the hamartoma itself and not
related to previous surgical procedures.8 Few case reports of
GH or TSH deficiencies have been published, whereas no
adrenocorticotropin hormone (ACTH) deficiency has been
described.9–11

The treatment of hypothalamic hamartoma can be based
on surgery, including transcallosal interforniceal, endo-
scopic disconnection, radiofrequency thermocoagulation,
or brachytherapy. Major endocrinologic complications have
been reported after each of these techniques.7,11,12 In the
present study, we decided to focus specifically on the poten-
tial endocrine effects of Gamma Knife radiosurgery (GK) in
patients treated for hypothalamic hamartoma, based on 34
patients prospectively followed at the Department of
Endocrinology of La Timone Hospital, Marseille, France.

Methods

Between 2000 and 2011, 54 patients with hypothalamic
hamartoma were prospectively followed after being treated

at the Department of Functional Neurosurgery, La Timone
Hospital, Marseille, France. Of these 54 patients, 34 patients
who had a minimal endocrinologic follow-up of >2 years
after treatment have been included. These patients were
evaluated in the Department of Endocrinology, La Timone
Hospital, Marseille, France, 3 months after and again at
least 2 years after GK.

Data were retrieved on the occurrence of central preco-
cious puberty at initial diagnosis. Data on the radiosurgical
procedure (maximum, mean dose, reference isodose) and
the hamartoma (volume and anatomic classification) were
noted. All patients had weight measurement and evaluation
of body mass index (BMI) before GK and at last follow-up.
The minimal pre- and post-GK endocrinologic evaluation
included 8-h ACTH and cortisol, insulin growth factor 1
(IGF1), TSH, free T3, free T4, prolactin, luteinizing hor-
mone (LH), follicle stimulating hormone (FSH), and testos-
terone (in males) or estradiol (in females). Dynamic testing
of growth hormone (GHRH test) was planned for patients
with low age and sex IGF1. Complete somatotroph defi-
ciency was defined by low IGF1 and stimulated GH
level <10 mUI/L; partial GH deficiency was defined by
low IGF1 and stimulated GH level <19 mUI/L. Corti-
cotroph deficiency was defined by low or normal ACTH
associated with low basal or stimulated (<550 nmol/L) cor-
tisol level. Dynamic testing of corticotroph axis was
planned when the 8-h cortisol level was <300 nmol/L and
>140 nmol/L. Thyrotroph deficiency was defined by low or
normal TSH (normal value 0.4–5 mUI/L), associated with
low free T4 level (normal value 12–22 pmol/L). Gon-
adotroph deficiency was defined by amenorrhea and low
LH/FSH and estradiol levels after the age of 18 years in
female patients, and low LH/FSH and testosterone levels in
male patients.

Data are presented as mean � standard deviation (SD).
Statistical analysis with chi-square test was performed with
XLStats version 13.0.1 (Paris, France) to compare pre- and
post-GK body body-mass index (BMI). p < 0.05 was con-
sidered statistically significant.

Results

Individual data are presented in Table 1. At initial evalu-
ation, eight patients (23.5%) had been diagnosed with cen-
tral precocious puberty (mean age 5.4 � 2.4 years). GK
was delivered at a mean age of 18.2 � 11.1 years. The
mean reference isodose was 49.3 � 3.9 Gy, and the mean
dose was 17.1 � 2.3 Gy. Mean volume of the target was
670.7 � 896.3 mm3. Anatomic classification defined 8
class I; 12 class II; 8 class III; 1 class IV, V, and VI; and 3
mixed hamartomas.13 Two patients had been previously
treated by surgery, whereas 32 received GK as a first-line
treatment. Mean initial BMI was 25.1 � 2.8 kg/m2. The
two patients previously treated by surgery presented with
LH/FSH deficiency. No GH, thyrotroph, or corticotroph

Key Points

• Gamma Knife radiosurgery is a safe endocrinologic
procedure in the treatment of hypothalamic hamar-
toma

• New onset of delayed pituitary deficiency is a rare
event after Gamma Knife radiosurgery

• No hypothalamic syndrome is to be expected after the
procedure

• The risk of endocrine side effects should be consid-
ered when treatment options are discussed



patients with initial LH/FSH deficiency, and for whom eval-
uation remained unchanged). No sodium or diuresis abnor-
mality was reported.

Discussion

The treatment of hypothalamic hamartoma is challeng-
ing. Apart from remission or at least decrease in the fre-
quency of epileptic episodes, the endocrinologic outcome is
also paramount, as profound side effects such as hypona-
tremia, diabetes insipidus, massive weight gain with com-
pulsive hyperphagia, hyperthermia, and poikilothermia
have been reported after surgery by the transcallosal
approach.8 Drees and coworkers also reported the occur-
rence of hormonal disturbances in roughly 25% of the 26
patients treated by endoscopic resection, and in >50% of the
10 patients treated by a combined endoscopic-transcallosal

Table 1. Individual data of the 34 patients included in the study

Patient number

Age at

diagnosis

Age

at GK Sex

Precocious

puberty

Age at

last f/up

Induced –
pituitary

deficiency Final BMI

BMI Z score or

status

1 0.75 3 F Y 7 N 17.7 +3 SD
2 0.5 3 M Y 6 N 18.3 +3 SD
3 3 4 M N 8 N 27.9 Obesity

4 7 7 M N 10 N 18.1 +2 SD
5 7 7 F N 9 N 20.1 Overweight

6 3 8 M N 11 N 25.3 Obesity

7 7 8 M N 11 N 17.8 +1 SD
8 2 9 F Y 11 N 23.1 Overweight

9 7 9 F N 11 N 19.7 Overweight

10 4 11 M Y 14 N 19.8 +1 SD
11 2 12 F Y 17 N 29.4 Overweight

12 6 12 M Y 14 N 17.6 �1 SD

13 6 12 F Y 15 N 24.9 +3 SD
14 6 12 F N 15 N 20.2 +1 SD
15 5 13 M N 18 N 23.2 +2 SD
16 5 15 M N 17 N 25.7 +3 SD
17 14 15 M N 18 N 24.8 +3 SD
18 6 16 F N 22 N 23.3 Normal

19 8 16 F N 19 N 18.3 Normal

20 13 19 M N 22 N 22.3 Normal

21 6 20 F N 27 N 22.6 Normal

22 8 20 M N 26 N 27.7 Overweight

23 6 23 F Y 25 N 38.6 Obesity

24 8 24 M N 26 N 27.4 Overweight

25 3 25 M N 32 N 26.9 Overweight

26 4 25 M N 31 N 23.5 Normal

27 8 29 M N 31 N 25.8 Overweight

28 16 29 M N 33 N 39.0 Obesity

29 0.5 29 F N 31 N 29.4 Overweight

30 20 30 F N 32 N 18.3 Normal

31 25 31 F N 42 N 30.4 Obesity

32 2 31 M N 34 TSH 28.1 Overweight

33 10 41 F N 43 N 30.5 Obesity

34 7 50 M N 53 N 33.7 Obesity

Age at diagnosis, age at GK, age at last follow-up (years). Sex, F, female; M, male. Precocious puberty, Y, yes; N, no. Pituitary deficiency, N, No; TSH, TSH defi-
ciency. BMI Z score is given for individuals <18 years of age at final evaluation. Overweight was defined by a BMI ≥25 kg/m2; obesity by a BMI >30 kg/m2.

deficiency was observed. Prolactin level was in the normal 
range in all patients. No sodium or diuresis abnormality was 
reported.

After GK, mean time to follow-up was 3.6 � 2 years. 
There was no statistical difference (p = 0.59) between pre-
and post-GK BMI; final mean BMI after the procedure was 
26.9 � 3.4 kg/m2 (Fig. 1). Of note, one patient presented a 
transient weight gain (+10 kg) in the 3 months following 
GK, but he rapidly recovered, and final evaluation weight 
was comparable to pre-GK weight (without any concomi-
tant change on antiepileptic drugs). Only one patient was 
found to have a new pituitary deficiency; TSH deficiency 
(TSH 2 mUI/L; T4 8.7 pmol/L) was diagnosed 2 years 
after the procedure and remained at last follow-up (5 years 
after GK). No GH and ACTH deficiency was observed. Pro-
lactin remained in the normal range in all patients. No new 
gonadotroph deficiency was observed (apart from the two



approach. Of interest, major weight gain was reported in
59% and 71% of the patients treated by these two proce-
dures, respectively.12 Interstitial radiosurgery is another
possible approach; Schulze-Bonaghe reported the occur-
rence of weight gain in 3 of 15 patients (5, 6, and 20 kg),
and the lack of pituitary deficiency, poikilothermia, or dys-
natremia, after a follow-up of 12 months11,14 (Table 2). It is
notable that our individual BMI data (Table 1) suggest that
while there is no major weight gain after GK, most the
patients are overweight, obese, or at least present a BMI that
is greater than normal values (+2 or +3 SD). As most
patients had not been treated before by surgery, it suggests

that the disease rather than the treatment is responsible for
the weight gain. Because hypothalamic hamartoma and epi-
lepsy treatments usually have a strong impact on daily life,
avoiding potential iatrogenic factors, such as weight gain,
should be a reasonable aim of any hypothalamic hamartoma
treatment.

GK is an effective treatment of hypothalamic hamar-
toma.15–18 Up to now, however, few data were available on
the potential endocrine side effects of such treatment. To
our knowledge, only one study reported the endocrine out-
come of patients treated by GK for hypothalamic hamar-
toma: Abla et al.19 reported no pituitary deficiency in 15
patients followed for 18–81 months, but did note the occur-
rence of transient poikilothermia in one, weight gain in 2,
and anxiety and depression in 2 patients. Precise data on the
methods of endocrine evaluation were not mentioned in the
study. To our knowledge, our study is, thus, the first to
prospectively focus on potential endocrine side effects of
GK in hypothalamic hamartomas, with a strict endocrine
follow-up. Our previous reports based on the use of GK in
secreting adenomas could have suggested a risk of delayed
endocrine deficiencies after GK in hypothalamic hamar-
tomas: the dose to the stalk was indeed a major risk factor
for the development of new pituitary deficiencies, occurring
2–5 years after GK.20 In the present study, however, we
observed only one new pituitary deficiency (TSH) after GK
in the 34 patients evaluated. The delayed onset of this new
deficiency, which occurred 2 years after the procedure,
makes it likely that this side effect resulted from GK, even if
no study evaluated the spontaneous outcome of pituitary
function (without any treatment) in patients with hypothala-
mic hamartoma. In this patient, treatment with substitutive
thyroid hormones allowed rapid euthyroidism, and we con-
sider that the overall impact to daily life was low. We
decided to focus only on patients followed for at least
2 years, to avoid the risk of missing late pituitary deficien-
cies. The fact that pituitary deficiencies can be delayed by
>5 years when GK is used as a treatment of pituitary adeno-
mas justifies the need to maintain long-term follow-up of
these patients. More interestingly, no permanent weight
gain was observed in our patients: only one experienced a

Figure 1.

Comparison of BMI pre-Gamma Knife (pre-GK), and at final fol-

low-up after radiosurgery (post-GK). Mean follow-up was

3.6 years, and no patient had a follow-up at <2 years. The red

cross represents the mean. Open circle represents outlier/single

data point. Closed circle represents maximal value. There was no

significant difference when comparing pre- and post-GK mean BMI

(p = 0.59).

Epilepsia ILAE

Table 2. Summary of themain endocrinologic effects of the different techniques used for treating hypothalamic

hamartoma

Author, year Technique Patients

Pituitary

deficiency Weight gain

Hypothalamic syndrome/

dysnatremia

Freeman, 20038 Transcallosal intraforniceal surgery 29 11/29 (38%) 10/22 (45%) 12/29 (41%)

Drees, 201212 Endoscopic surgery 26 5/21 (24%) 13/22 (59%) 6/36 (17%) (Type of treatment was

not mentioned)

Drees, 201212 Combined surgical approaches 10 4/7 (57%) 5/7 (71%) 6/36 (17%) (Type of treatment was

not mentioned)

Schulze-Bonanghe, 200811 Brachytherapy 15 No 3/15 (20%) No

Abla, 201019 Gamma Knife radiosurgery 10 No 2/10 (20%) Poikilothermia in 1/10 (10%)

Current study Gamma Knife radiosurgery 34 1/34 (3%) 1/34 (3%) No



transient 10-kg weight gain in the months following the pro-
cedure, but complete recovery was obtained rapidly there-
after. By comparison, Freeman and coworkers reported that
13 of 26 operated patients had appetite stimulation with a
tendency to hyperphagia, and a clinically significant weight
gain >2.5 kg/m2 in 45% of cases.8

As GK was delivered at a mean age of 18 years, and pre-
cocious central puberty was diagnosed at a mean age of
5 years, most of the patients in the present study had already
been treated effectively with GnRH agonists; this treatment
is transient, and none of our patients experienced gonado-
trophic issues at the withdrawal of the drug. In contrast, it is
not possible to say whether GK could have improved this
symptom secondary to hypothalamic hamartoma, as it has
been shown in some patients after surgery.21 Given the high
efficacy of GnRH agonists,22 we are not sure, however, that
improvement of central precocious puberty should be the
major factor to consider at the time of the treatment
decision.

To conclude, our study emphasizes the lack of major
endocrine side effects of GK as a treatment for hypothalamic
hamartoma. Indications for surgery and radiosurgery might
be different; however, the risk of side effects induced by sur-
gery should be kept in mind when discussing treatment
options. Future prospective studies are needed to completely
rule out the risk of more delayed endocrine side effects.

Take Home Messages

• Endocrinologic side effects are rare after Gamma
Knife radiosurgery used for hypothalamic hamartoma

• An endocrinologic workup should be undertaken 1
and 2 years after radiosurgery; no further endocrino-
logic follow-up is needed in the absence of pituitary
deficiency/weight gain
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