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HypotHalamic hamartomas (HHs) are rare lesions 
most commonly resulting in gelastic seizures.13 
Multiple surgical options are available if the sei-

zures are refractory to medical management,14 though 
damage to the hypothalamus and seizure recurrence rates 
are significant concerns with open surgery17 or stereotactic 
radiosurgery (SRS).20 Less invasive means of ablation or 
disconnection, including SRS or radiofrequency thermal 

coagulation, offer less potential damage to the hypothala-
mus but suffer from the disadvantages of a prolonged time 
to treatment effect and lack of direct feedback during ab-
lation, respectively.18 However, some HHs are difficult to 
treat with these methods, and some patients have refrac-
tory epilepsy despite these treatments.

Magnetic resonance imaging–guided laser interstitial 
thermal therapy (MRg-LITT) is a new option for the treat-

AbbreviAtioNs DWI = diffusion weighted imaging; HH = hypothalamic hamartoma; ILAE = International League Against Epilepsy; MPRAGE = magnetization-prepared 
rapid gradient echo; MRg-LITT = MRI-guided laser interstitial thermal therapy; SIADH = syndrome of inappropriate antidiuretic hormone secretion; SRS = stereotactic radio-
surgery.
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obJeCtive Hypothalamic hamartomas (HHs) are associated with gelastic seizures and the development of medically 
refractory epilepsy. Magnetic resonance imaging–guided laser interstitial thermal therapy (MRg-LITT) is a minimally in-
vasive ablative treatment that may have applicability for these deep-seated lesions. Here, the authors describe 3 patients 
with refractory HHs who they treated with MRg-LITT.
MethoDs An institutional review board–approved prospective database of patients undergoing Visualase MRg-LITT 
was retrospectively reviewed. Demographic and historical medical data, including seizure and medication histories, 
previous surgeries, procedural details, and surgical complications, along with radiological interpretation of the HHs, were 
recorded. The primary outcome was seizure freedom, and secondary outcomes included medication reduction, seizure 
frequency, operative morbidity, and clinical outcome at the latest follow-up.
resUlts All 3 patients in the multi-institutional database had developed gelastic seizures related to HH at the ages 
of 7, 7, and 9 years. They presented for further treatment at 25, 28, and 48 years of age, after previous treatments with 
stereotactic radiosurgery in all cases and partial hamartoma resection in one case. One ablation was complicated by a 
small tract hemorrhage, which was stable on postoperative imaging. One patient developed hyponatremia and experi-
enced weight gain, which were respectively managed with fluid restriction and counseling. At the most recent follow-up 
at a mean of 21 months (range 1–32 months), one patient was seizure free while another had meaningful seizure reduc-
tion. Medication was reduced in one case.
CoNClUsioNs Adults with gelastic seizures despite previous treatments can undergo MRg-LITT with reasonable 
safety and efficacy. This novel therapy may provide a minimally invasive alternative for primary and recurrent HH as the 
technique is refined.
http://thejns.org/doi/abs/10.3171/2016.7.FOCUS16218
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ment of HH and offers the potential advantage of real-
time imaging of direct thermal ablation. The US Food and 
Drug Administration recently approved the Visualase sys-
tem (Medtronic) for real-time MRg-LITT in intracranial 
neurosurgery. We report our experience in treating adults 
with persistent seizures despite previous therapy for HHs.

Methods
Institutional review board approval was obtained to 

maintain a prospective multi-institutional registry on the 
use of the Visualase MRg-LITT system in the treatment 
of medically refractory epilepsy beginning in 2010. We 
conducted a retrospective review of the prospectively col-
lected data, including demographic and historical medical 
data (seizure and medication histories, previous surgeries, 
procedural details, and surgical complications) as well as 
radiological interpretation of the HHs. The primary out-
come was seizure freedom, and secondary outcomes in-
cluded medication reduction, seizure frequency, operative 
morbidity, and clinical outcome at the latest follow-up.

All patients were referred to a multidisciplinary sur-
gical epilepsy conference during preoperative evaluation. 
Surgery was performed in the intraoperative MRI suite 
with the patient under general anesthesia. A Leksell ste-
reotactic head frame (Elekta) was placed after the induc-
tion of general anesthesia, and a stereotactic planning 
MRI study with Gd contrast was obtained. A target tra-
jectory was planned on a computerized workstation with 
coordinates transferred to the frame, and the contrasted 
images were used to avoid cortical vessels. The Visualase 
980-nm diode laser applicator was placed through a crani-
al bolt adapter via a twist drill bur hole and was advanced 
to the target. The patient was transferred to an intraop-
erative 1.5-T GE Signa MRI suite, and thermoablation 
was performed using real-time MR thermometry with a 
fast radiofrequency-spoiled gradient-recalled echo (GRE) 
pulse sequence and Visualase software to monitor tissue 
heating. Visualase software estimates tissue temperature 
from the change in phase data obtained from the GRE 

pulse sequence, and the software then employs the Arrhe-
nius rate model to estimate a permanent tissue damage 
zone. To evaluate treatment effects and ensure maximally 
safe lesion coverage, we performed T2-weighted FLAIR 
imaging of the brain during and after therapy and post-Gd 
magnetization-prepared rapid gradient echo (MPRAGE) 
imaging. Diffusion weighted imaging (DWI) was also 
performed to evaluate for cytotoxic edema or infarction 
indicative of effective ablation. 

results
Three adult patients were referred for treatment of pre-

viously treated HHs (Tables 1 and 2). All had been diag-
nosed with gelastic seizures in childhood and had been 
treated medically, often with multiple medication trials 
(Table 3). The patient in Case 1 had developed a complex 
partial seizure disorder in childhood, and the patient in 
Case 3 had progressed to secondarily generalized seizures 
in childhood. Each patient’s seizures had become medi-
cally refractory prior to surgical referral, and each had un-
dergone SRS. The radiosurgical treatments had resulted in 
decreased gelastic seizure frequency in 2 patients and de-
creased seizure duration in another. Despite the reductions 
in seizure frequency or duration, the seizures were still de-
bilitating. After multidisciplinary assessment, MRg-LITT 
was recommended in each of the patients. The mean inter-
val between radiosurgery and MRg-LITT was 39 months 
(range 28–60 months).

Surgery was undertaken with treatment duration and 
power as outlined in Table 1. Laser ablation was con-
ducted at 2 adjacent stations or locations in Cases 1 and 
2 and was judged sufficient at 1 station in Case 3. The 
ablation volume on postoperative imaging corresponded 
well with the planning volume. Surgical trajectories are 
depicted in Figs. 1–3. The patient in Case 3 developed a 
small tract hematoma during ablation; thus, the power was 
adjusted down. Follow-up CT showed no further enlarge-
ment 2 days later (Fig. 3). Mean length of hospital stay 
was 3 days (range 2–5 days). Following hospital discharge, 
the patient in Case 2 developed hypothalamic symptoms 
including hyponatremia due to syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH), which was 
treated with temporary fluid restriction. There were no 
long-term neurological complications from surgery in any 
of the 3 cases during follow-up. The patient in Case 2 had 
mild weight gain, with a body mass index increasing from 
27.5 to 33.0 over 12 months.

The mean clinical follow-up was 21 months (range 
1–33 months). The long-term follow-up in Case 3 was 
limited despite telephone calls and postal contacts sent 

tAble 1. laser ablation treatment parameters

Case No. Treatment (W) Time (min)

1 7.5 2 
8.5 1.5 

2 6 1.5 
7.5 1 

3 5 1 

tAble 2. Patient demographics and previous treatments

Case 
No.

Age at 1st 
Seizure (yrs)

Age at Presentation 
for LITT (yrs)

HH Diameter & Location  
(relative to mammillary bodies) Previous Treatment

Interval Btwn Previous  
Treatments & MRg-LITT (mos)

1 7 25 6 mm, anterior 15 Gy to 50% isodose line 28
2 9 48 10 mm, superior 17 Gy to 50% isodose line 60
3 7 28 8 mm, anterior Craniotomy/resection, 18 Gy to 50% 

isodose line 
30
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to the patient’s international address. Seizure outcomes 
are shown in Table 3. The patient in Case 1 had seizure 
freedom for 18 months but developed recurrent seizures 
with medication reduction and was considered to have En-
gel Class III and International League Against Epilepsy 
(ILAE) Class 4 outcomes at 28 months. The patient in 
Case 2 experienced seizures following medication reduc-
tion shortly after surgery but has been Engel Class I and 
ILAE Class 1 since 32 months’ follow-up. The medication 
regimen remained stable in Case 3.

illustrative Case
Case 2

A 48-year-old man presented with persistent gelastic 
and complex partial seizures. He had a history of head 
trauma at 7 years of age and a family history of epilep-

sy. His gelastic seizures began when he was 9 years old 
and were only partially controlled, occurring daily with 
carbamazepine monotherapy. At the age of 36 years he 
developed a superimposed complex partial seizure disor-
der characterized by staring and oral automatisms, which 
were treated with additional medications. His left HH was 
treated with SRS at age 44 years, with a decrease in gelas-
tic seizure frequency. He remained on triple antiepileptic 
therapy with significant fatigue and memory impairment. 
Ictal electroencephalography (EEG), PET-CT, and hippo-
campal volumes on MRI offered no precise localization. 
Pretreatment MRI is shown in Fig. 2A–C.

After multidisciplinary assessment, he was approved 
for surgery. A left middle fontal gyrus approach was used 
in conjunction with the steps outlined above to advance 
the laser cannula to the hamartoma. Two ablations were 

tAble 3. seizure outcomes and pre- versus postablative medications*

Case No. Engel Class ILAE Class Preop Medication FU Interval (mos) FU Medication

1 III 4 Lamotrigine 250 BID, norethindrone 
0.35 daily, gabapentin 300 TID

28 Lamotrigine 150 BID

2 I 1 Carbamazepine 900 BID, lamotrigine 
400 QHS, topiramate 100 BID

32 Carbamazepine 600 BID, lamotrigine 
400 QHS, topiramate 100 BID

3 † † Levetiracetam 2750/day, carbamaze-
pine 800/day

<1 Levetiracetam 2750/day, carbamaze-
pine 800/day

BID = twice daily; FU = follow-up; QHS = at bedtime; TID = thrice daily.
* Doses in mg.
† Short follow-up interval limits Engel/ILAE class assignment. This patient was an international patient, and despite extensive effort to establish follow-up, we were 
unable to do so.

Fig. 1. Case 1. Preoperative coronal T2-weighted FLAIR (A) and T1-weighted (b) sequences demonstrate a right HH (white 
arrows). inset in A shows previous radiosurgery isodose lines of 15 (inner) and 10 (outer) Gy. Pre-ablation oblique T1-weighted 
MPRAGE image (C) shows the laser trajectory to the hamartoma. Intra-ablation DWI sequence (D) shows lesion destruction (white 
arrow). Post-ablation coronal T2-weighted FLAIR (e) and postcontrast MPRAGE (F) images show destruction of the hamartoma.
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performed: the first at 6 W for 90 seconds, followed by 
T2-weighted FLAIR imaging, which depicted mild hyper-
intensity; and the second at 7.5 W for 60 seconds. A sub-
sequent MPRAGE study with Gd contrast depicted good 
coagulation of much of the hamartoma with some residual 
tumor abutting the cerebral peduncle (Fig. 2). The patient 
had transient, very mild right weakness that improved by 
discharge on postoperative Day 2. He developed hypona-
tremia on postoperative Day 4 and was treated for SIADH 
with temporary fluid restriction, which led to serum so-
dium normalization.

He had markedly reduced seizure frequency, with 
5 seizures during the interval between his surgery and 
his 10-month follow-up. His topiramate dosage was in-
creased, and he ultimately remained seizure free until a 
medication reduction trial was attempted, after which he 
developed another gelastic seizure. He resumed his previ-
ous regimen, and he has since remained seizure free for 
13 months. His weight had increased due to an increased 
craving for sweets (as mentioned in Results). Unfortunate-
ly, his fatigue and cognitive slowing had not improved.

Discussion
Hypothalamic hamartomas consist of unorganized 

neurons and glial cells with thalamic and hypothalamic 
projections.6,13 They have long been associated with gelas-
tic and other seizure types.13 There are many methods of 
surgical treatment for these tumors.14 Microsurgical thera-

pies via the pterional and orbitozygomatic approaches 
have been used with adequate seizure control but a high 
incidence of complications.1,16 Transcallosal interforni-
ceal approaches have been reported as well,7,22 although 
some groups have noted that older patients can experience 
memory impairment following this approach.15 Transven-
tricular endoscopic resection and disconnections have also 
been performed when feasible.21,24 Stereotactic radiosur-
gery offers the possibility of minimal trauma to the hypo-
thalamus but lower rates of long-term seizure control.11,20 
Radiofrequency ablations (under MRI guidance) are an-
other option with excellent epileptic results.10 Nonetheless, 
some hamartomas are not particularly amenable to these 
treatments or are refractory to them. Further, approach-re-
lated morbidity is significant in many of these approaches 
and may be abated by MRg-LITT.

In this initial experience in treating adults harboring 
refractory HHs with MRg-LITT for persistent and refrac-
tory gelastic seizures, we demonstrated reasonable safety. 
No major surgical complications were seen. Further, one 
patient experienced an Engel Class I and ILAE Class 1 
outcome,4 and medication reduction or stability was seen 
in the other 2 patients, respectively. Hypothalamic symp-
toms occurred in 1 patient postprocedurally but were 
mild, consisting of weight gain and transient hyponatre-
mia. Although the long-term outcomes are not yet known, 
clearly the instantaneous feedback afforded in real time 
by MRI of the ablation and the detailed anatomical im-

Fig. 2. Case 2. Pre-ablation coronal MR images demonstrate a left HH (white arrows) that is hypointense on T1-weighted 
MPRAGE (A) and hyperintense on T2-weighted FLAIR (b) sequences. Preoperative axial MPRAGE image (C) demonstrates the 
hamartoma abutting the left cerebral peduncle (white arrow). Intra-ablation DWI sequence (D) shows tissue destruction in the 
hamartoma (white arrow). Post-ablation MPRAGE imaging shows ablation of the hamartoma (white arrows) in the axial (e) and 
sagittal (F) planes.
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aging are intrinsic advantages to this approach. The ana-
tomical locations of the HHs in the current study’s patients 
limited the microsurgical and endoscopic approaches, and 
the older patient ages at presentation limited our use of 
the interforniceal approach. Radiosurgery was attempted 
in all of the patients but did not demonstrate efficacy af-
ter a 2-year interval despite early and promising results. 
Radiofrequency ablation was considered but was deemed 
inferior to the real-time imaging advantage of MRg-LITT.

The real-time and immediate feedback provided by the 
imaging in MRg-LITT is the major advantage offered by 
this technology over other ablative therapies for deep le-
sions.12 Magnetic resonance imaging guided–LITT em-
ploys thermal energy generated by a diode laser and trans-
mitted to surrounding tissues. Precise laser applicator 
placement can be ensured by intraoperative MRI. Real-
time MR thermometry depicts tissue heating and suggests 
spatial localization of coagulation zones as the treatment 
is performed, allowing for tailored therapy with adapta-
tions to results during one treatment session. Early reports 
of MRg-LITT have indicated preliminary safety and effi-
cacy in the treatment of recurrent primary and metastatic 
tumors,2,8,9,19,23 mesial temporal lobe epilepsy,27 and other 
epileptic foci3,8 including HHs and periventricular nodu-
lar heterotopias.5,26 Furthermore, MRg-LITT may offer 
the possibility of another less invasive option for epilepsy 
surgery and in this case will significantly limit approach-
related morbidity.18,25 Careful approach planning is also 
critical to minimize morbidity, especially with hypotha-
lamic and other deep lesions. When possible, standard 
stereotactic atlases, such as Schaltenbrand and Wahren’s 
Atlas for Stereotaxy of the Human Brain, should be con-
sulted or, if possible, overlaid with operative plans.

Curry et al. described their early experience in treat-
ing HHs with MRg-LITT in 2 children.3 Later, Wilfong 
and Curry provided longer follow-up on these patients and 
elaborated on their experience in treating patients with 
HHs using MRg-LITT.26 Their patients’ ages ranged from 
22 months to 20 years with a 90% seizure-free rate at 6 
months (among 10 patients with adequate follow-up and 
with 1 retreatment) and no permanent surgical morbidity. 
Five of these pediatric patients had undergone previous 

methods of treatment, including SRS and microsurgical 
resection.

Seizure recurrence is common following HH treat-
ments. Barrow Neurological Institute’s large series of 157 
patients treated with multiple modalities demonstrated re-
operation rates as high as 13%.17 Among patients undergo-
ing SRS, seizure freedom and seizure frequency reduction 
rates (37% and 22%, respectively) were lower than those 
published for microsurgical and endoscopic techniques.20 
Wilfong and Curry suggested that retreatment with MRg-
LITT can be safe and effective for pediatric patients with 
previously treated HHs. We have seen similar results in 
adults with persistent seizures.26

Our series has several limitations. First, the sample size 
is very small. Second, our clinical follow-up is short in 
1 patient. Third, particularly given that MRg-LITT is a 
relatively new technology and the experience with it for 
lesions like HHs is still quite limited, there could be sig-
nificant interoperator and interinstitutional technical dif-
ferences. However, our findings suggest that MRg-LITT 
has promise for the treatment of difficult or refractory le-
sions such as previously treated HH, and more experience 
with the procedure for HH would be valuable.

Conclusions
Adults with gelastic seizures despite previous treat-

ments may undergo MRg-LITT with reasonable safety 
and efficacy. This novel therapy may provide a minimally 
invasive alternative for primary and recurrent HH as the 
technique is refined.
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