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A B S T R A C T

Hypothalamic hamartomas (HH) are rare, non-neoplastic heterotopic tissues which contains normal neurons and
glia including oligodendrocytes and fibrillary astrocytes but in an abnormal distribution. They arise from the
floor of the third ventricle, tuber cinereum, or mammillary bodies. Estimated incidence ranges from 1 in 50,000
to 1 in 1,000,000. Hypothalamic hamartomas are associated with different clinical presentations including
various types of seizures, most characteristically; the gelastic seizures, precocious puberty, cognitive impairment
and behavioral changes. In this review, the authors discuss the recent advancements in different modalities of
radiotherapy and their application in hypothalamic hamartomas management.

1. Stereotactic Radiosurgery

Stereotactic Radiosurgery (SRS) has developed as a less invasive,
and “non-surgical” treatment modality for treating HH.[1] Indications
of SRS are summarized in Table 1.

The mean goal of SRS for HH is to deliver doses high enough to
affect epileptogenesis without exceeding the tolerance of surrounding
structures.[2]

This is achieved through an application of a stereotactic system that
involves attaching a rigid frame to the skull, with axes that are fixed
relative to the brain.[3]

Nowadays, modern radiosurgical devices can deliver high dose ra-
diation providing a chance to achieve seizure freedom without hy-
pothalamic or cranial nerve damage.[2]

There are many studies in the literature comparing surgical resec-
tion with SRT, a recent retrospective study by Wang et al, in 2020 of
twenty-six patients concluded that, for patients with small HHs, SRT
offers similar seizure outcomes to surgery with a less invasive proce-
dure. Patients who underwent SRT experienced lighter and fewer side
effects when compared to patients who underwent surgical resection.
Patients with giant HHs were more likely to undergo multiple HH re-
sections.[4]

Nevertheless, one of the main disadvantages is that clinical response
can be very slow; the patient remains exposed to the risks of persistent

seizures for up to 2 years after the radiosurgical procedure. In this re-
gard, microsurgical resection has a clear advantage because of its
ability to yield immediate postsurgical results.[5]

1.1. Gamma-Knife Surgery

Over the past 22 years, numerous centers have reported their ex-
perience with using Gamma-Knife Surgery (GKS) for its specific anti-
epileptic effect in patients with HH who were suffering from intractable
epilepsy.[5]

The first successful GKS treatment of HH with seizures was reported
by Arita et al., in 1998, for a 25-year-old man with a 10 mm surgically
inaccessible HH lesion in the third-ventricular floor and long-standing
history of medically refractory gelastic and tonic-clonic seizures. Focal
treatment with 36-Gy radiation to the center and 18-Gy to the per-
iphery resulted in complete resolution of seizures and disappearance of
the HH.[6]

In 2000, the Marseille group reported a series of 8 patients, with
50% cases attaining Engel Class I by (GKS). In 2006, the data were
updated and they published the longterm results of their prospective
trial in which a total of 60 patients with HH and intractable epilepsy
were enrolled. The authors judiciously used a beam-blocking strategy to
reduce the dose delivered (median dose ranged from 13-26 Gy) to
critical surrounding structures such as the mammillary bodies, tuber
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cinereum, fornices, and infundibulum as well as optic nerves and
chiasm. Thirty-one patients were evaluated for at least 3 years after
radiosurgery; of these, satisfactory follow-up was available in 27. Only
10 (37%) of these 27 patients achieved seizure freedom; 6 others (22%)
experienced a significant decrease in the frequency of seizures.
Although the majority had noteworthy improvement in behavior and
cognition, the lesion appeared unchanged on follow-up MRI studies in
most cases, except in 2 in which the hamartoma was slightly smaller.
None of the patients had permanent complications from GKS; however,
4 (15%) experienced transient worsening of seizures. The authors ad-
vocated that GKS should be regarded as primary treatment for small
and medium HHs, whereas larger lesions should undergo a staged ap-
proach with microsurgical disconnection (open or endoscopic) of the
lower part of the hamartoma followed by radiosurgical treatment of the
small upper part of the residual HH.[7]

Several groups reported their experience with GKS for treating in-
tractable seizure due to to HHs. Taken together, these studies demon-
strate that GKS is an effective treatment modality for selected patients
with HH-associated epilepsy and it leads to improvement in behavior
and cognition, without serious neurological impairments.[8–14] How-
ever, Shim et al’s report on four patients highlighted the inadequacy of
GKS in controlling seizures, of which two then required endoscopic
disconnection for seizure control.[15]

The exact mechanism by which GKS treats HH is unknown but non-
destructive neuromodulation and induction of plasticity have been
proposed.[16]

To avoid damage, the nearby critical structures meticulous treat-
ment planning and tight dose distribution is essential. The mean size of
HH in the largest series of SRS was 19 mm in diameter, but SRS can be
realized in lesions smaller than 30 mm by using steep dose gradients
around the target, while the size for ideal SRS candidate was reported
less than 16 mm. Régis et al. found significant correlation between dose
and efficacy; in all patients in whom seizure freedom was achieved, the
dose was>17 Gy. In those who received<13 Gy incomplete seizure
control was noted.[17,18]

The type of HH according to the classification by Regis et al can
guide the selection for best therapy: GKS is the best procedure for types
I and III, type II can be treated either with surgery or GKS, and large
type VI HH is best treated initially with surgery and GKS can be used
post-surgically to treat any remnants.[19]

1.2. Interstitial Radiosurgery (Stereotactic Brachytherapy)

Recently, interstitial stereotactic radiosurgery has become a pro-
mising option in the treatment of gelastic seizures caused by hypotha-
lamic hamartoma (HH). This method has been successfully used to treat
patients with this rare but highly pharmacoresistant type of focal epi-
lepsy (Fig. 1).[20]

Interstitial radiosurgery (IR) involves implantation of radioactive

Iodine-125 seeds into the area of interest, which induces a form of
radionecrosis that is initially preceded by vasogenic edema, then re-
sorption of the necrotic tissue by macrophages, along-with demyeli-
nation and reactive gliosis.[21] Schulze-Bonhage et al were the first to
describe their experience with IR in treating HHs in six patients, of
which two had achieved seizure freedom whereas two others only had
persistent auras. No significant adverse effects were observed. The au-
thors concluded that IR is a viable alternative to other modes of
treatment.[22] In a larger series of 15 patients, 40% achieved Engel
Class-I outcomes, 13% Engel Class-II and 20% Engel Class-III. Similar
results were reported by the same authors in a larger cohort of 24 pa-
tients including adults, whereby 11 achieved Engel class I & II out-
comes. Side effects including transient symptoms attributable to weight
gain, edema, and worsening of episodic memory (in two patients) were
observed, but without other serious impairments.[20]

It was also noted that shorter disease duration had a higher chance
of improving seizures, therefore highlighting the importance of early
intervention.[20]

1.3. Linear Accelerator Stereotactic Radiosurgery (LINAC)

There have been fewer reports describing the use of LINAC-based
SRS for the treatment of HHs.[5]

LINAC involves the application of X-Rays or photons to brain tumors
in a single session or fractions over several sessions (fractionated ste-
reotactic radiotherapy).[23]

In 2005, Selch et al. used LINAC-based SRS to treat gelastic seizures
caused by sessile HHs in 3 patients. Two patients were seizure-free at 15
and 17 months after radiosurgery, and 1 achieved an Engel Class II
outcome at 9 months. None had any post-radiosurgical complications. A
significant delay in the onset of action was noted.[24]

In 2008, Papayannis et al. reported their experience with 4 patients
with HH who were treated using a LINAC apparatus at doses between
12 and 18 Gy. None of the 4 patients had any meaningful clinical im-
provement.[25]

Later in 2010, Golanov et al published their experience with six
patients with pharmacoresistant epilepsy due to HH, with improvement
in seizure-frequency noted in all patients.[26]

1.4. Stereotactic Radiofrequency Thermoregulation (SRT)

Stereotactic Radiofrequency Thermocoagulation (SRT) has been
used to treat patients with a variety of conditions such as intractable
pain, movement disorders, refractory epilepsy, and metastatic brain
tumors.[27–30]

This procedure also appears to be an alternative treatment for HH

Table 1
Radiosurgery Indications.1–3

• Adolescent/Adult
• Milder Epilepsy
• Good Cognitive Function
• Residual after respective surgery with ongoing epilepsy
• Bilateral attachment to the mammillary bodies

1 LEKSELL L. The stereotaxic method and radiosurgery of the brain. Acta Chir
Scand. 1951;102(4):316-319.

2 Mathieu D, Kondziolka D, Niranjan A, Flickinger J, Lunsford LD. Gamma
knife radiosurgery for refractory epilepsy caused by hypothalamic hamartomas.
Stereotact Funct Neurosurg. 2006;84(2-3):82-87. doi:10.1159/000094036.

3 Régis J, Scavarda D, Tamura M, et al. Epilepsy related to hypothalamic
hamartomas: Surgical management with special reference to gamma knife
surgery. Child’s Nerv Syst. 2006;22(8):881-895. doi:10.1007/s00381-006-0139-
y.

Fig. 1. Interstitial Radiosurgery.
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with epilepsy. Brain tissue is coagulated by applying a high-frequency
alternating current of a depth electrode or a coagulation probe. The
volume of single coagulation is small with a diameter of 4.5–7 mm, but
usually multiple coagulations are applied in a single operative session.
[31,32]

Experience with SRT in HH was first described in 1999 by Fukuda
et al in a 15-year-old patient. The technique involved placement of
depth electrodes into HH, monitoring for epileptiform activity, ob-
taining a sample of the tissue via stereotactic biopsy, replacement with
unipolar coagulation electrodes and subsequent heating of the tip of the
electrode for 60 seconds at 74oC. Treatment resulted in cessation of
gelastic seizures, and complete seizure-freedom 14 months later.[33]

In 1999, Parrent also reported on a patient who continued to have
disabling seizures despite partial excision of the HH, anterior temporal
lobe resection, and orbitofrontal corticectomy. Later, stereotactic
radiofrequency ablation of the HH was performed, resulting in pro-
gressive amelioration of the epileptic disorder during a 28-month
follow-up.[34]

In 2003, Fujimoto Y et al described another patient who had ces-
sation of gelastic seizures and improvement in aggressive behavior
following stereotactic radiofrequency ablation.[35]

Wang et al. reported on a 22-year-old man with a small sessile in-
traventricular HH presenting with intractable gelastic seizures. Four
hypothalamic lesions were treated by stereotactic radiofrequency
thermocoagulation using a depth electrode. The patient was seizure-
free after 1 year follow up. Transient central hyperthermia, hyperten-
sion, and tachycardia were noted during the procedure, with no per-
manent surgical complications.[36]

Also, and instead of ablating the HH, de Almeida and colleagues
reported on an 18-year-old man who underwent a stereotactic dis-
connection of the HH, for which radiofrequency thermocoagulation was
used. The procedure aimed at disconnecting the hamartoma from the
hypothalamus, medial forebrain bundle, fasciculus princeps, and dorsal
longitudinal fasciculus. These authors obtained a sustained improve-
ment in seizure frequency and a reduction in aggressive behavior over 2
years.[37]

Kuzniecky and Guthrie presented their experience of using ther-
mocoagulation in treating progressive epileptic encephalopathy related
to an HH in 12 children in 2003; 4 patients were treated using ther-
mocoagulation alone and 8 patients were treated by thermocoagulation
supplemented with endoscopic partial resection. Three patients were
seizure-free at a mean follow-up of 27.3 months (range 18–40 months).
Three others had greater than 90% reduction in seizure frequency at a
mean follow-up of 51.6 months (range 36–70 months). Two developed
transient neurological deficits including oculomotor palsy and memory
loss. One child died as a result of brainstem infarction. The authors
concluded that in patients with small HHs, stereotactic thermo-
coagulation is a viable option.[38]

In five patients reported by Homma et al whose HHs were<10 mm
and located on the third ventricle floor with a sessile attachment to the
wall, three achieved complete seizure freedom, and one had> 90%
decrease in seizures. Transient complications included fever, hyper-
phagia and character change, although no major sequelae were re-
ported.[33]

Harvey and Freeman suggested that only 27% of patients with HH
who undergo SRT could expect to achieve Engel I or II outcomes.
Transient central hyperthermia, hypertension, and tachycardia were
observed during SRT.[39]

In 2009, excellent outcomes were reported in 25 patients by
Kameyama et al from Japan. These patients had a total of 31 SRT
procedures for HH that ranged in size from 8-30 mm. Seizure-freedom
occurred in 19 patients (76%), and all patients improved their IQ.
Postoperative complications included hyperphagia, hyponatremia,
Horner syndrome, short-term memory problems, and central hy-
perthermia after SRT which occurred more frequently compared to an
open approach, but in an acceptable manner. These symptoms resolved

within one week after surgery after perilesional edema disappeared; no
permanent complications were noted.[32]

Overall, radiofrequency ablation provides an effective, minimally
invasive approach for the treatment of HHs. The results with stereo-
tactic radiofrequency ablation, unlike with SRS, can be seen im-
mediately following the procedure. However, drawbacks of the tech-
nique include an inexact volume of tissue ablation and the need for
multiple trajectories to treat larger hamartomas, thereby adding to the
risk of injury to the surrounding neurovascular structures compared
with a single pass.[5]

2. Laser Interstitial Thermal Therapy (LITT) / Stereotactic Laser
Ablation (SLA)

Although it is considered by many references as a part of stereo-
tactic radiosurgery, it is gaining large popularity worldwide more than
other stereotactic radiosurgery modalities due to the fact that HH has a
deep-seated location and the resultant morbidity of an open procedure.
[40] LITT/SLA consists of a laser fiber stereotactically inserted with a
diffusing tip to cause a thermal lesion while using real-time MRI ther-
mography to monitor temperature and ensure the lesion is restricted to
the HH, assessing safety to the surrounding brain tissue. The diffusing
tip creates an ellipsoid light distribution along the axis of the 1 cm tip
(Fig. 2).[41,42]

Wilfong et al used this system in 14 patients with HHs. An overall
seizure-freedom rate of 86% was achieved without significant neuro-
logical impairments. However significant memory impairment has been
reported in a patient with HH treated with LITT/SLA and resultant
damage to bilateral medial mammillary bodies.[43,44]

In 2016, the group at Texas Children's Hospital reported the out-
come of the largest series in the literature to date, with 14 patients.
LITT/SLA resulted in 12 of 14 patients with HH becoming seizure-free
at a mean follow-up of 9 months. Most importantly, there were no
permanent surgical complications, including neurologic deficits and
endocrine dysfunction.[45]

In a paper by Buckley et al. (2016) on a series of patients with re-
fractory epilepsy, 6 of them were due to HH, treated by LITT and
achieved Engel class I or II outcomes.[40,46] In 2018, Xu et al. reported
80% seizure freedom in 15 patients who had gelastic seizures who
underwent LITT for HH.[47]

MR-guided laser-interstitial thermal therapy (MRgLITT) is another
recently approved treatment modality notable for its ability to provide

Fig. 2. Laser Interstitial Thermal Therapy (LITT) / Stereotactic Laser Ablation
(SLA).
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real-time imaging feedback and a method for delivering thermal energy
to precisely ablate the epileptogenic foci while minimizing damage to
surrounding structures. Curry et al first reported its efficacy in five
patients, two of who had HHs and achieved seizure-freedom, although
the second patient had transient memory impairment.[48] MRgLITT
has also been employed in the treatment of precocious puberty due to
HH with resultant seizure-freedom and improvement in behavior in a
patient.[49] Further insight into adverse effects of MRgLITT was pro-
vided by Burrows et al, who in the treatment of three patients, reported
hyponatremia and weight gain in one patient, and small tract hemor-
rhage in another.[50] More recently, Gadgil et al published their ex-
perience on 58 pediatric patients who underwent MRgLITT for HHs.
Although eighty-one percent of patients achieve complete seizure
freedom and the complications were rare, they did not find a significant

difference in gelastic seizure outcome related to pre- or post-operative
HH volume. However, they found that residual HH percentage in pa-
tients who achieved seizure freedom was 43%, while it was 71% in
those who had persistent seizures. They also reported that larger HH
needed multiple ablations to achieve seizure freedom. [51]

Brandmeier et al., reported the use of a robot-assisted frameless
LITT/SLA in a patient with HH with similar rates of success without
major complications, although this report is limited to case study.[52]
In another interesting paper by Candela-Cantó et al, they reported their
experience of realistic simulation for robot-assisted hypothalamic ha-
martoma real-time MRI-guided LITT. They concluded that simulation
was useful tool for planning LITT, and it contributed to a well-organized
workflow and efficiency. [53]

The main advantage of LITT/SLA as compared to other modalities is

Table 2
Advantages and Disadvantages of Different Treatment Modalities.

Treatment Modality Advantages Disadvantages

Surgery for Resection (Open Or Endoscopic)1–5 • Direct Visualization • High risk for Morbidity
• Memory Impairments
• Endocrine Dysfunction
• General Surgical (e.g. infection, stroke)

Frontal/Temporal Corticectomy6 – • Not effective/ Scarce literature
Corpus Callosotomy7 – • Not effective/ Scarce literature
Stereotactic Radiosurgery (SRS)1 • Non-Invasive • Delayed Benefit after an increase in seizures (Risk of Sudden

unexpected death in epilepsy with continued seizures)
• Potential Radiation injury
• Dose limitations
• High Cost

Laser Interstitial Thermal Therapy (LITT)/Stereotactic
Laser Ablation (SLA)8–10

• Minimal Collateral Damage • High cost/disposables

• Immediate Benefit • Must be cleared for MRI (excluding patients with implantable
devices)

• Near Real-time MR thermography guides
therapy and confirms ablation zone

Vagus Nerve Stimulator (VNS)11–14 • Suitable for poor surgical candidates • Conflicting evidence regarding the efficacy
Deep Brain Stimulator (DBS)15–17 – • Limited evidence

1 Mittal S, Mittal M, Montes JL, Farmer J-P, Andermann F. Hypothalamic hamartomas. Part 2. Surgical considerations and outcome. Neurosurg Focus.
2013;34(6):E7. doi:10.3171/2013.3.FOCUS1356.

2 Delalande O, Fohlen M. Disconnecting surgical treatment of hypothalamic hamartoma in children and adults with refractory epilepsy and proposal of a new
classification. Neurol Med Chir (Tokyo). 2003;43(2):61-68. doi:10.2176/nmc.43.61.

3 Fohlen M, Lellouch A, Delalande O. Hypothalamic hamartoma with refractory epilepsy: surgical procedures and results in 18 patients. Epileptic Disord.
2003;5(4):267-273. http://www.ncbi.nlm.nih.gov/pubmed/14975796. Accessed February 9, 2020.

4 Rekate HL, Feiz-Erfan I, Ng Y-T, Gonzalez LF, Kerrigan JF. Endoscopic surgery for hypothalamic hamartomas causing medically refractory gelastic epilepsy.
Childs Nerv Syst. 2006;22(8):874-880. doi:10.1007/s00381-006-0125-4.

5 Ng Y-T, Rekate HL, Prenger EC, et al. Endoscopic resection of hypothalamic hamartomas for refractory symptomatic epilepsy. Neurology. 2008;70(17):1543-
1548. doi:10.1212/01.wnl.0000310644.40767.aa.

6 Cascino GD, Andermann F, Berkovic SF, et al. Gelastic seizures and hypothalamic hamartomas: Evaluation of patients undergoing chronic intracranial eeg
monitoring and outcome of surgical treatment. Neurology. 1993;43(4):747-750. doi:10.1212/wnl.43.4.747.

7 Pallini R, Bozzini V, Colicchio G, Lauretti L, Scerrati M, Rossi GF. Callosotomy for generalized seizures associated with hypothalamic hamartoma. Neurol Res.
1993;15(2):139-141. doi:10.1080/01616412.1993.11740125.

8 Wilfong AA, Curry DJ. Hypothalamic hamartomas: optimal approach to clinical evaluation and diagnosis. Epilepsia. 2013;54 Suppl 9(SUPPL. 9):109-114.
doi:10.1111/epi.12454.

9 Zubkov S, Del Bene VA, MacAllister WS, Shepherd TM, Devinsky O. Disabling amnestic syndrome following stereotactic laser ablation of a hypothalamic
hamartoma in a patient with a prior temporal lobectomy. Epilepsy Behav case reports. 2015;4:60-62. doi:10.1016/j.ebcr.2015.07.002.

10 Rolston JD, Chang EF. Stereotactic Laser Ablation for Hypothalamic Hamartoma. Neurosurg Clin N Am. 2016;27(1):59-67. doi:10.1016/j.nec.2015.08.007.
11 Khawaja AM, Pati S, Ng YT. Management of Epilepsy Due to Hypothalamic Hamartomas. Pediatr Neurol. 2017;75:29-42. doi:10.1016/j.pedia-

trneurol.2017.07.001.
12 Murphy J V., Wheless JW, Schmoll CM. Left vagal nerve stimulation in six patients with hypothalamic hamartomas. Pediatr Neurol. 2000;23(2):167-168.

doi:10.1016/S0887-8994(00)00170-3.
13 Frost MD, Penovich PE, Ritter FJ, Hoskin CA, John Gates RR. VAGUS NERVE STIMULATOR AS A TREATMENT FOR SEIZURES ASSOCIATED WITH HYPOT-

HALAMIC HAMARTOMAS.
14 Kang HC, Hwang YS, Kim DS, Kim HD. Vagus nerve stimulation in pediatric intractable epilepsy: a Korean bicentric study. Acta Neurochir Suppl. 2006;99(99):93-

96. doi:10.1007/978-3-211-35205-2_18.
15 Khan S, Wright I, Javed S, et al. High frequency stimulation of the mamillothalamic tract for the treatment of resistant seizures associated with hypothalamic

hamartoma. Epilepsia. 2009;50(6):1608-1611. doi:10.1111/j.1528-1167.2008.01995.x.
16 Marras CE, Rizzi M, Villani F, et al. Deep brain stimulation for the treatment of drug-refractory epilepsy in a patient with a hypothalamic hamartoma: Case

report. Neurosurg Focus. 2011;30(2). doi:10.3171/2010.11.FOCUS10241.
17 Blik V. Electric stimulation of the tuberomamillary nucleus affects epileptic activity and sleep-wake cycle in a genetic absence epilepsy model. Epilepsy Res.

2015;109(1):119-125. doi:10.1016/j.eplepsyres.2014.10.019.
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the minimal neurocognitive and endocrine adverse effects and higher
seizure freedom rate. Overall, LITT/SLA appears to be a safe and ef-
fective treatment for the HH, although further studies are needed to
determine its outcomes, side effects and risks, yet preliminary evidence
is promising.[2,45]

3. Conclusion

Given the wide variety of management options, the neurosurgeon
should be flexible in the selection of a treatment modality for an in-
dividual patient with HH and should be aware of the advantages/dis-
advantages of each treatment option (Table 2). Age of the patient, the
severity of clinical manifestations, duration, and tempo of progression
of the clinical condition; and the anatomy, location, and size of the HH
all play a role in determining the treatment modality. Given the recent
advances in the field of radiotherapy and the fact that it is gaining a
wider popularity, the surgeon should work closely with the radio-
therapists to also consider the role of radiosurgery as an alternative.

The family and the patient if possible should be fully informed of all
modalities of treatment available for the individual case and the esti-
mated success and failure rates and possible risks of each modality, in
order to enable them to be involved in the management plan. Finally,
combinations of surgery and radiosurgery should become more
common to optimize the control of epilepsy and behavioral disorder.

References

[1] L. Leksell, The stereotaxic method and radiosurgery of the brain, Acta Chir Scand
102 (4) (1951) 316–319.

[2] J.A. Díaz-Martínez, J.A. Arenas-Ruiz, A.A. Quezada-Bautista, J.F. Rodríguez-
Ascuntar, G.A. Gutiérrez-Aceves, Hypothalamic Hamar-Tomas: A Review. 1 (2017).

[3] A.M. Khawaja, S. Pati, Y.T. Ng, Management of Epilepsy Due to Hypothalamic
Hamartomas, Pediatr Neurol 75 (2017) 29–42, https://doi.org/10.1016/j.
pediatrneurol.2017.07.001.

[4] S. Wang, M. Zhao, T. Li, et al., Stereotactic radiofrequency thermocoagulation and
resective surgery for patients with hypothalamic hamartoma, J Neurosurg (April)
(2020) 1–8, https://doi.org/10.3171/2020.2.jns193423.

[5] S. Mittal, M. Mittal, J.L. Montes, J.-P. Farmer, F. Andermann, Hypothalamic ha-
martomas. Part 2. Surgical considerations and outcome, Neurosurg Focus 34 (6)
(2013) E7, https://doi.org/10.3171/2013.3.FOCUS1356.

[6] K. Arita, K. Kurisu, K. Iida, et al., Subsidence of seizure induced by stereotactic
radiation in a patient with hypothalamic hamartoma. Case report, J Neurosurg 89
(4) (1998) 645–648, https://doi.org/10.3171/jns.1998.89.4.0645.

[7] J. Régis, D. Scavarda, M. Tamura, et al., Epilepsy related to hypothalamic ha-
martomas: Surgical management with special reference to gamma knife surgery,
Child’s Nerv Syst 22 (8) (2006) 881–895, https://doi.org/10.1007/s00381-006-
0139-y.

[8] Aa Abla, Ag Shetter, Sw Chang, et al., Gamma Knife surgery for hypothalamic
hamartomas and epilepsy: patient selection and outcomes, J Neurosurg 113 (Suppl)
(2010) 207–214, https://doi.org/10.3171/2010.8.gks101027.

[9] M.A. Barajas, M. Ramírez-Guzmán, C. Rodríguez-Vázquez, V. Toledo-Buenrostro,
A. Cuevas-Solórzano, G. Rodríguez-Hernández, Gamma knife surgery for hypotha-
lamic hamartomas accompanied by medically intractable epilepsy and precocious
puberty: experience in Mexico, J Neurosurg 102 (2005) 53–55, https://doi.org/10.
3171/jns.2005.102.s_supplement.0053.

[10] C. Drees, K. Chapman, E. Prenger, et al., Seizure outcome and complications fol-
lowing hypothalamic hamartoma treatment in adults: endoscopic, open, and
Gamma Knife procedures, J Neurosurg 117 (2) (2012) 255–261, https://doi.org/10.
3171/2012.5.JNS112256.

[11] C. Dunoyer, J. Ragheb, T. Resnick, et al., The use of stereotactic radiosurgery to
treat intractable childhood partial epilepsy, Epilepsia 43 (3) (2002) 292–300,
https://doi.org/10.1046/j.1528-1157.2002.06501.x.

[12] D. Mathieu, D. Kondziolka, A. Niranjan, J. Flickinger, L.D. Lunsford, Gamma knife
radiosurgery for refractory epilepsy caused by hypothalamic hamartomas,
Stereotact Funct Neurosurg 84 (2-3) (2006) 82–87, https://doi.org/10.1159/
000094036.

[13] F. Unger, O. Schröttner, M. Feichtinger, G. Bone, K. Haselsberger, B. Sutter,
Stereotactic radiosurgery for hypothalamic hamartomas, Acta Neurochir Suppl 84
(2002) 57–63, https://doi.org/10.1007/978-3-7091-6117-3_6.

[14] Y. Kida, M. Yoshimoto, T. Hasegawa, [Radiosurgery of hypothalamic hamartomas],
No Shinkei Geka 36 (2008) 225–232 (Jpn).

[15] K.-W. Shim, J.-H. Chang, Y.-G. Park, H.-D. Kim, J.-U. Choi, D.-S. Kim, Treatment
modality for intractable epilepsy in hypothalamic hamartomatous lesions,
Neurosurgery 62 (4) (2008) 847–856, https://doi.org/10.1227/01.neu.
0000318170.82719.7c discussion 856.

[16] J. Régis, F. Bartolomei, M. Hayashi, P. Chauvel, Gamma Knife surgery, a neuro-
modulation therapy in Epilepsy surgery!, Acta Neurochir Suppl (84) (2002) 37–47,

https://doi.org/10.1007/978-3-7091-6117-3_4.
[17] Aa Abla, Hl Rekate, Da Wilson, et al., Orbitozygomatic resection for hypothalamic

hamartoma and epilepsy: patient selection and outcome, Childs Nerv Syst. 27 (2)
(2011) 265–277, https://doi.org/10.1007/s00381-010-1250-7.

[18] J.V. Rosenfeld, J.L. Freeman, A.S. Harvey, Operative technique: the anterior
transcallosal transseptal interforniceal approach to the third ventricle and resection
of hypothalamic hamartomas, J Clin Neurosci 11 (7) (2004) 738–744, https://doi.
org/10.1016/j.jocn.2004.03.008.

[19] J. Régis, D. Scavarda, M. Tamura, et al., Gamma knife surgery for epilepsy related to
hypothalamic hamartomas, Semin Pediatr Neurol 14 (2) (2007) 73–79, https://doi.
org/10.1016/j.spen.2007.03.005.

[20] A. Schulze-Bonhage, M. Trippel, K. Wagner, et al., Outcome and predictors of in-
terstitial radiosurgery in the treatment of gelastic epilepsy, Neurology 71 (4) (2008)
277–282, https://doi.org/10.1212/01.wnl.0000318279.92233.82.

[21] C.B. Ostertag, Brachytherapy—interstitial implant radiosurgery, Acta Neurochir
Suppl (Wien) 58 (1993) 79–84, https://doi.org/10.1007/978-3-7091-9297-9_18.

[22] A. Schulze-Bonhage, V. Homberg, M. Trippel, et al., Interstitial radiosurgery in the
treatment of gelastic epilepsy due to hypothalamic hamartomas, Neurology 62 (4)
(2004) 644–647, https://doi.org/10.1212/01.wnl.0000110194.77056.65.

[23] G. Becker, R. Kortmann, T.W. Kaulich, F. Duffner, M. Bamberg, GAMMA-KNIFE
Versus Stereotaktische Linearbeschleunigerbestrahlung. Durchfuhrung, Klinischer
Ergebnisse Und Kosten-Nutzen-Relation, Radiologe 36 (4) (1996) 345–353, https://
doi.org/10.1007/s001170050081.

[24] M.T. Selch, A. Gorgulho, C. Mattozo, T.D. Solberg, C. Cabatan-Awang,
A.A.F. DeSalles, Linear accelerator stereotactic radiosurgery for the treatment of
gelastic seizures due to hypothalamic hamartoma, Minim Invasive Neurosurg 48 (5)
(2005) 310–314, https://doi.org/10.1055/s-2005-915598.

[25] C.E. Papayannis, D. Consalvo, G. Seifer, M.A. Kauffman, W. Silva, S. Kochen,
Clinical spectrum and difficulties in management of hypothalamic hamartoma in a
developing country, Acta Neurol Scand 118 (5) (2008) 313–319, https://doi.org/
10.1111/j.1600-0404.2008.01016.x.

[26] A.V. Golanov, V.N. Kornienko, I. Trunin, et al., [Stereotactic radiosurgery in
treatment of patients with hypothalamic hamartomas], Zhurnal voprosy neir-
okhirurgii imeni N N Burdenko (2010) 24–29.

[27] R. Kuzniecky, B. Guthrie, J. Mountz, et al., Intrinsic epileptogenesis of hypotha-
lamic hamartomas in gelastic epilepsy, Ann Neurol 42 (1) (1997) 60–67, https://
doi.org/10.1002/ana.410420111.

[28] Y. Anzai, R. Lufkin, A. DeSalles, D.R. Hamilton, K. Farahani, K.L. Black, Preliminary
experience with MR-guided thermal ablation of brain tumors, AJNR Am J
Neuroradiol 16 (1995) 39–52.

[29] A.G. Parrent, W.T. Blume, Stereotactic amygdalohippocampotomy for the treatment
of medial temporal lobe epilepsy, Epilepsia 40 (10) (1999) 1408–1416, https://doi.
org/10.1111/j.1528-1157.1999.tb02013.x.

[30] A.A. Patil, R. Andrews, R. Torkelson, Stereotactic volumetric radiofrequency le-
sioning of intracranial structures for control of intractable seizures, Stereotact Funct
Neurosurg 64 (3) (1995) 123–133, https://doi.org/10.1159/000098741.

[31] M. Guénot, J. Isnard, P. Ryvlin, C. Fischer, F. Mauguière, M. Sindou, SEEG-guided
RF thermocoagulation of epileptic foci: Feasibility, safety, and preliminary results,
Epilepsia 45 (11) (2004) 1368–1374, https://doi.org/10.1111/j.0013-9580.2004.
17704.x.

[32] S. Kameyama, H. Murakami, H. Masuda, I. Sugiyama, Minimally invasive magnetic
resonance imaging-guided stereotactic radiofrequency thermocoagulation for epi-
leptogenic hypothalamic hamartomas, Neurosurgery 65 (3) (2009) 438–449,
https://doi.org/10.1227/01.NEU.0000348292.39252.B5 discussion 449.

[33] J. Homma, S. Kameyama, H. Masuda, et al., Stereotactic radiofrequency thermo-
coagulation for hypothalamic hamartoma with intractable gelastic seizures,
Epilepsy Res 76 (1) (2007) 15–21, https://doi.org/10.1016/j.eplepsyres.2007.06.
007.

[34] A.G. Parrent, Stereotactic radiofrequency ablation for the treatment of gelastic
seizures associated with hypothalamic hamartoma. Case report, J Neurosurg. 91 (5)
(1999) 881–884, https://doi.org/10.3171/jns.1999.91.5.0881.

[35] Y. Fujimoto, A. Kato, Y. Saitoh, et al., Stereotactic radiofrequency ablation for
sessile hypothalamic hamartoma with an image fusion technique, Acta Neurochir
(Wien) 145 (8) (2003) 697–700, https://doi.org/10.1007/s00701-003-0077-3
discussion 700-701.

[36] W. Wang, W. Wang, X. Guo, Y. Zeng, X. Jiang, Hypothalamic hamartoma causing
gelastic seizures treated with stereotactic radiofrequency thermocoagulation,
Epileptic Disord 11 (4) (2009) 333–338, https://doi.org/10.1684/epd.2009.0275.

[37] A.N. de Almeida, E.T. Fonoff, G. Ballester, M.J. Teixeira, R. Marino, Stereotactic
disconnection of hypothalamic hamartoma to control seizure and behavior dis-
turbance: case report and literature review, Neurosurg Rev 31 (3) (2008) 343–349,
https://doi.org/10.1007/s10143-008-0142-8.

[38] R.I. Kuzniecky, B.L. Guthrie, Stereotactic surgical approach to hypothalamic ha-
martomas, Epileptic Disord 5 (2003) 275–280.

[39] A. Harvey, J. Freeman, Newer operative and stereotactic techniques and their ap-
plication to hypothalamic hamartoma, in: E. Wyllie (Ed.), The treatment of epi-
lepsy: principles and practice, Lippincott Williams & Wilkins, Philadelphia, 2005.

[40] Jarod L. Roland, M. Smyth, Recent advances in the neurosurgical treatment of
pediatric epilepsy, J Neurosurg Pediatr (23) (2019) 411–421.

[41] R.J. McNichols, A. Gowda, M. Kangasniemi, J.A. Bankson, R.E. Price, J.D. Hazle,
MR thermometry-based feedback control of laser interstitial thermal therapy at 980
nm, Lasers Surg Med 34 (1) (2004) 48–55, https://doi.org/10.1002/lsm.10243.

[42] J.Y. Kang, M.R. Sperling, Magnetic Resonance Imaging-Guided Laser Interstitial
Thermal Therapy for Treatment of Drug-Resistant Epilepsy, Neurotherapeutics 14
(1) (2017) 176–181, https://doi.org/10.1007/s13311-016-0498-3.

[43] A.A. Wilfong, D.J. Curry, Hypothalamic hamartomas: optimal approach to clinical

S.O. Alomari, et al. Clinical Neurology and Neurosurgery 197 (2020) 106077

5

http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0005
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0005
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0010
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0010
https://doi.org/10.1016/j.pediatrneurol.2017.07.001
https://doi.org/10.1016/j.pediatrneurol.2017.07.001
https://doi.org/10.3171/2020.2.jns193423
https://doi.org/10.3171/2013.3.FOCUS1356
https://doi.org/10.3171/jns.1998.89.4.0645
https://doi.org/10.1007/s00381-006-0139-y
https://doi.org/10.1007/s00381-006-0139-y
https://doi.org/10.3171/2010.8.gks101027
https://doi.org/10.3171/jns.2005.102.s_supplement.0053
https://doi.org/10.3171/jns.2005.102.s_supplement.0053
https://doi.org/10.3171/2012.5.JNS112256
https://doi.org/10.3171/2012.5.JNS112256
https://doi.org/10.1046/j.1528-1157.2002.06501.x
https://doi.org/10.1159/000094036
https://doi.org/10.1159/000094036
https://doi.org/10.1007/978-3-7091-6117-3_6
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0070
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0070
https://doi.org/10.1227/01.neu.0000318170.82719.7c
https://doi.org/10.1227/01.neu.0000318170.82719.7c
https://doi.org/10.1007/978-3-7091-6117-3_4
https://doi.org/10.1007/s00381-010-1250-7
https://doi.org/10.1016/j.jocn.2004.03.008
https://doi.org/10.1016/j.jocn.2004.03.008
https://doi.org/10.1016/j.spen.2007.03.005
https://doi.org/10.1016/j.spen.2007.03.005
https://doi.org/10.1212/01.wnl.0000318279.92233.82
https://doi.org/10.1007/978-3-7091-9297-9_18
https://doi.org/10.1212/01.wnl.0000110194.77056.65
https://doi.org/10.1007/s001170050081
https://doi.org/10.1007/s001170050081
https://doi.org/10.1055/s-2005-915598
https://doi.org/10.1111/j.1600-0404.2008.01016.x
https://doi.org/10.1111/j.1600-0404.2008.01016.x
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0130
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0130
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0130
https://doi.org/10.1002/ana.410420111
https://doi.org/10.1002/ana.410420111
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0140
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0140
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0140
https://doi.org/10.1111/j.1528-1157.1999.tb02013.x
https://doi.org/10.1111/j.1528-1157.1999.tb02013.x
https://doi.org/10.1159/000098741
https://doi.org/10.1111/j.0013-9580.2004.17704.x
https://doi.org/10.1111/j.0013-9580.2004.17704.x
https://doi.org/10.1227/01.NEU.0000348292.39252.B5
https://doi.org/10.1016/j.eplepsyres.2007.06.007
https://doi.org/10.1016/j.eplepsyres.2007.06.007
https://doi.org/10.3171/jns.1999.91.5.0881
https://doi.org/10.1007/s00701-003-0077-3
https://doi.org/10.1684/epd.2009.0275
https://doi.org/10.1007/s10143-008-0142-8
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0190
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0190
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0195
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0195
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0195
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0200
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0200
https://doi.org/10.1002/lsm.10243
https://doi.org/10.1007/s13311-016-0498-3


evaluation and diagnosis, Epilepsia. 54 (Suppl 9) (2013) 109–114, https://doi.org/
10.1111/epi.12454.

[44] S. Zubkov, V.A. Del Bene, W.S. MacAllister, T.M. Shepherd, O. Devinsky, Disabling
amnestic syndrome following stereotactic laser ablation of a hypothalamic ha-
martoma in a patient with a prior temporal lobectomy, Epilepsy Behav case reports
4 (2015) 60–62, https://doi.org/10.1016/j.ebcr.2015.07.002.

[45] J.D. Rolston, E.F. Chang, Stereotactic Laser Ablation for Hypothalamic Hamartoma,
Neurosurg Clin N Am 27 (1) (2016) 59–67, https://doi.org/10.1016/j.nec.2015.08.
007.

[46] R.T. Buckley, A.C. Wang, J.W. Miller, E.J. Novotny, J.G. Ojemann, Stereotactic laser
ablation for hypothalamic and deep intraventricular lesions, Neurosurg Focus 41
(4) (2016) E10.

[47] D.S. Xu, T. Chen, R.J. Hlubek, R.E. Bristol, K.A. Smith, F.A. Ponce, et al., Magnetic
resonance imaging-guided laser interstitial thermal therapy for the treatment of
hypothalamic hamartomas: a retrospective review, Neurosurgery 83 (2018)
1183–1192.

[48] D.J. Curry, A. Gowda, R.J. McNichols, A.A. Wilfong, MR-guided stereotactic laser
ablation of epileptogenic foci in children, Epilepsy Behav 24 (4) (2012) 408–414,
https://doi.org/10.1016/j.yebeh.2012.04.135.

[49] Z. Tovar-Spinoza, D. Carter, D. Ferrone, Y. Eksioglu, S. Huckins, The use of MRI-
guided laser-induced thermal ablation for epilepsy, Childs Nerv Syst 29 (11) (2013)
2089–2094, https://doi.org/10.1007/s00381-013-2169-6.

[50] A.M. Burrows, W.R. Marsh, G. Worrell, et al., Magnetic resonance imaging-guided
laser interstitial thermal therapy for previously treated hypothalamic hamartomas,
Neurosurg Focus 41 (4) (2016) E8, https://doi.org/10.3171/2016.7.FOCUS16218.

[51] Nisha Gadgil, Sandi Lam, I-Wen Pan, Melissa LoPresti, Kathryn Wagner, Irfan Ali,
Angus Wilfong, Daniel J. Curry, Staged Magnetic Resonance-Guided Laser
Interstitial Thermal Therapy for Hypothalamic Hamartoma: Analysis of Ablation
Volumes and Morphological Considerations, Neurosurgery 86 (June (6)) (2020)
808–816.

[52] N. Brandmeir, V. Acharya, M. Sather, Robot Assisted Stereotactic Laser Ablation for
a Radiosurgery Resistant Hypothalamic Hamartoma, Cureus 8 (4) (2016) e581,
https://doi.org/10.7759/cureus.581.

[53] S. Candela-Cantó, M. Alamar, C. Aláez, et al., Highly realistic simulation for robot-
assisted hypothalamic hamartoma real-time MRI-guided laser interstitial thermal
therapy (LITT), Child’s Nerv Syst (2020), https://doi.org/10.1007/s00381-020-
04563-0.

S.O. Alomari, et al. Clinical Neurology and Neurosurgery 197 (2020) 106077

6

https://doi.org/10.1111/epi.12454
https://doi.org/10.1111/epi.12454
https://doi.org/10.1016/j.ebcr.2015.07.002
https://doi.org/10.1016/j.nec.2015.08.007
https://doi.org/10.1016/j.nec.2015.08.007
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0230
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0230
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0230
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0235
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0235
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0235
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0235
https://doi.org/10.1016/j.yebeh.2012.04.135
https://doi.org/10.1007/s00381-013-2169-6
https://doi.org/10.3171/2016.7.FOCUS16218
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0255
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0255
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0255
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0255
http://refhub.elsevier.com/S0303-8467(20)30420-0/sbref0255
https://doi.org/10.7759/cureus.581
https://doi.org/10.1007/s00381-020-04563-0
https://doi.org/10.1007/s00381-020-04563-0

	Hypothalamic Hamartomas: A Comprehensive Review of Literature – Part 3: Updates on Radiotherapy Management
	Stereotactic Radiosurgery
	Gamma-Knife Surgery
	Interstitial Radiosurgery (Stereotactic Brachytherapy)
	Linear Accelerator Stereotactic Radiosurgery (LINAC)
	Stereotactic Radiofrequency Thermoregulation (SRT)

	Laser Interstitial Thermal Therapy (LITT) / Stereotactic Laser Ablation (SLA)
	Conclusion
	References




