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BACKGROUND Treatment of pilocytic astrocytomas (PAs) in children can be challenging when they arise in deep midline structures because
complete surgical resection may result in significant neurological injury. Laser interstitial thermal therapy (LITT) has provided an alternative treatment
modality for lesions that may not be amenable to resection. However, many patients with PAs may be symptomatic from a compressive cyst associated
with the PA, and LITT does not obviate the need for cystic decompression in these patients.

OBSERVATIONS A 12-year-old male presented with left-sided weakness. Magnetic resonance imaging (MRI) revealed an enhancing mass with a
large cyst involving the right thalamus and basal ganglia. The patient underwent a reservoir placement for cyst drainage and biopsy of the mass,
revealing a pilocytic astrocytoma. He then underwent LITT followed by adjuvant chemotherapy. Sixteen months after LITT, follow-up MRI of the brain
revealed no tumor growth.

LESSONS This is the first case to describe reservoir placement to treat the cystic portion of a pilocytic astrocytoma followed by LITT and targeted
chemotherapy. Reservoir placement reduced the cyst’s mass effect and resolved the patient’s symptoms, allowing for treatment options beyond resection.
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Pilocytic astrocytoma (PA) is the most common brain tumor in
children.1 A significant number of these tumors arise in deep mid-
line structures, such as the basal ganglia and thalamus. Tumors in
this location can be challenging to treat, because complete resec-
tion is not always feasible without causing devastating neurological
injury.2 Laser interstitial thermal therapy (LITT) is an alternative
treatment modality with increasing popularity for lesions that are not
amenable to resection.3,4 First described more than 20 years ago to
treat low-grade gliomas, LITT has been shown to be safe in treating
pediatric low-grade gliomas and has favorable control rates.4–6

LITT is a stereotactic technique that uses thermal energy from a
laser diode to target an area of interest and promote cell death. The
underlying principle of thermoablation is based on the photothermal
effect, in which light is converted to heat, allowing for denaturation of
tissue proteins. Cell death is dependent on thermal intensity and dura-
tion but generally begins at 40°C to 50°C.7 One advantage of this

modality is that it allows for magnetic resonance imaging (MRI) for ste-
reotactic spatial orientation of the ablating source as well as real-time
thermoablation monitoring with MRI thermometry during the procedure.
In some children, the use of LITT may obviate or delay the need for
radiation or chemotherapy.5,8

We present the case of a young male with left-sided weakness
from a PA of the right thalamus and basal ganglia with a large cyst
causing significant mass effect in whom reservoir placement was
used to reduce mass effect and alleviate symptoms, followed by
LITT.

Illustrative Case
History

A previously healthy 12-year-old male presented with 3 months
of progressive left-sided weakness. Over the preceding 2 weeks,
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his weakness had rapidly worsened, and he developed ataxia with
dragging of his left foot, leading to numerous falls. The patient was
also experiencing morning emesis. MRI of the brain demonstrated a
right thalamic and basal ganglia heterogeneously enhancing mass
with a large rim-enhancing cyst extending laterally. The solid portion
measured 2.3 � 2.5 � 1.5 cm, whereas the cyst measured 4 �
4 � 3.5 cm (Fig. 1A–C). The lesion produced mass effect on sur-
rounding structures, compressing the intraventricular foramen with
mild obstructive hydrocephalus.

Examination
On examination, the patient was alert and fully oriented. His

pupils were equal and reactive, and he had conjugate gaze. His
face was symmetric, and he had normal sensation to his face and
extremities bilaterally. He had weakness of his left upper and lower
extremities, with 4/5 strength diffusely on the left. He had full
strength in his right upper and lower extremities.

Intervention
Biopsy of Lesion and Placement of Ommaya Reservoir with Cyst
Drainage

The procedure was planned using the Stealth surgical navigation sys-
tem (Medtronic) and high-resolution MRI to determine the optimal posi-
tion for a right frontal burr hole for the biopsy and catheter placement.
The burr hole was made, and a Vertek biopsy device (Medtronic) was
used to guide the biopsy needle to obtain multiple core tumor speci-
mens. An antibiotic-impregnated catheter was then passed into the cyst
under stereotactic guidance, and 20 ml of xanthochromatic fluid was
aspirated. The catheter was then cut distally and connected to an
Ommaya reservoir. Postoperative MRI brain demonstrated a substantial
decrease in cyst size and reduced compression of surrounding struc-
tures (Fig. 1D–F). Pathological evaluation by immunohistochemistry and
next-generation sequencing revealed a PA, World Health Organization
grade 1, with a KIAA1549-BRAF gene fusion.9

Laser Interstitial Thermal Therapy
A multidisciplinary pediatric neuro-oncology team presented che-

motherapy, irradiation, resection, and LITT as treatment options.
Because of the tumor’s sensitive location and the desire for a mini-
mally invasive approach and to reduce potential therapeutic toxic-
ities and avoid any short- and long-term complications of
chemotherapy or irradiation, the family elected to proceed with
LITT. A Leksell head frame was placed for stereotactic navigation.
A high-resolution computed tomography scan was obtained and
merged with the preoperative brain MRI. An entry point at the right
frontal region just medial to the previously placed Ommaya reser-
voir was made. The Leksell head frame was then placed in the
appropriate XYZ coordinates. A small burr hole was made, and the
PMT stereotactic bolt (PMT Corp) was fixed to the burr hole. Under
fluoroscopic guidance, a bomb site was created, and the obturator
was placed through the stereotactic head frame to the intended
bomb site. A T1-weighted MRI of the brain with contrast enhance-
ment was obtained, which demonstrated excellent laser trajectory
placement, and a test dose was administered. The tumor was then
ablated at the intended depth, and the laser was slowly withdrawn
within the cooling cannula with continuing ablation. Postprocedure
T1-weighted MRI with contrast and fluid-attenuated inversion recov-
ery imaging revealed excellent ablation with a possible small
amount of untreated residual at the medial-anterior aspect near the

eloquent area. Intraoperative images showing cannula placement
are shown in Fig. 1G–I.

Postoperative Course
The patient’s left-sided weakness improved significantly immedi-

ately after cyst drainage. Two weeks postoperatively, he had
regained full strength of his left side. The brain MRI obtained 1
month postoperatively revealed minimal re-expansion of the cyst
that was not clinically significant. Given the patient’s normal neuro-
logical examination findings, no fluid was removed through the
Ommaya reservoir. He was able to begin playing sports again 5
months after his reservoir placement and biopsy. At a 16-month fol-
low-up visit, the patient was neurologically normal. MRI at that time
demonstrated tumor stability (solid and cystic portions) with loss of
cyst wall enhancement (Fig. 1J–L). A small ring of contrast
enhancement remained in the tumor bed, which commonly occurs
after these procedures; because of this, it can be difficult to delin-
eate between a postablative process and a small amount of tumor
residual.4,10 Similar to other studies, in this patient, the remaining
ring enhancement decreased with subsequent imaging.

Discussion
Observations

The mainstay of treatment for PAs is complete resection when
possible and maximal safe resection when the tumor involves sensi-
tive structures prone to neurological injury.11 A complete resection
is considered curative and should be attempted for amenable
lesions.12 For lesions that involve the brainstem or deep structures,
complete resection is not always feasible. In the case presented,
we judged that surgery might only afford a subtotal resection and
adjuvant treatment might be necessary. Traditionally, residual tumor
in sensitive regions has been treated with chemotherapy or radia-
tion, which may cause cognitive, neurological, and multiorgan toxic-
ities.5,8,13 Thalamic radiation in particular may be associated with
neurocognitive deficits and endcrinopathies.1,14,15

The authors recognize that some patients with thalamic PAs
have complete surgical resection without neurological deficits; how-
ever, the literature suggests a significant risk of postoperative neu-
rological deficits in these patients.16,17 Therefore, it is imperative
that the risks of surgical complications and benefits of a definitive
cure be discussed with the patients and their families as LITT is not
the only appropriate treatment for these patients. In this case, after
presentation of the risks and benefits of craniotomy for resection of
tumor versus cyst drainage and LITT, the parents chose the latter
treatment option to minimize the risks of treatment, understanding
that surgery and chemotherapy were potential options if their cho-
sen plan failed.

Other less invasive treatment options for this tumor type include
cytotoxic chemotherapy and targeted drug therapies, including MEK
inhibitors.18 The use of fluorescence in situ hybridization and next-
generation sequencing in pediatric neuro-oncology has enabled
identification of targetable mutations.9 This patient had a BRAF
mutation, and recent studies in PA have shown prolonged stable
disease with MEK inhibitors in patients with these mutations.19

There is an active phase I and phase II clinical trial evaluating the
MEK inhibitor selumetinib in pediatric patients with recurrent or
refractory low-grade gliomas.20

In cases of similar disease in which pediatric patients underwent
treatment for thalamopeduncular PAs, resection via a transcortical
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route resulted in persistent neurological deficits in 50% (5/10) of
patients.15 The results of patients undergoing surgery for thalamic
gliomas are varied. In a large series of pediatric and adult patients
with thalamic PAs, 10% (7/72) developed a new neurological deficit
and 8% (6/72) developed worsening hemiparesis, with 35% having
unchanged preoperative hemiparesis on immediate follow-up.17 In
this cohort, 81% (58/72) of the patients had gross total resection. In
another series of pediatric patients with mixed high- and low-grade
thalamic gliomas, 26% (5/19) had significant morbidity or death after

resection.16 Gross total resection was achieved in 32% (6/19) of
cases. Of note, the patient we present had a PA involving the thala-
mus and basal ganglia, making resection even more precarious.

LITT as a treatment modality for gliomas was first described more
than 20 years ago.2 The popularity and use of LITT as an alternative
surgical treatment option for other neurological processes has
increased.5,6,21 LITT offers several advantages, which include being used
as an adjuvant to surgery or as primary therapy in patients with lesions
in deep or eloquent areas. LITT therapy does not use ionizing radiation

FIG. 1. Preoperative axial (A), sagittal (B), and coronal (C) T1-weighted contrast-enhanced MRI revealing a large
cystic mass invading the right thalamus and basal ganglia with compression of the intraventricular foramen with mild
obstructive hydrocephalus. Axial (D), sagittal (E), and coronal (F) T1-weighted contrast-enhanced imaging after
biopsy of the mass and placement of the reservoir with cyst drainage. Intraoperative axial (G), sagittal (H), and coro-
nal (I) MRI revealing cannula placement within the medial aspect of the tumor in preparation for LITT. Axial (J), sagit-
tal (K), and coronal (L) imaging at 1-year follow-up showing stability of PA without growth of the nodule or cyst.
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and is minimally invasive. Most patients are discharged from the hospital
within 48 hours of the procedure.5 There have been favorable outcomes
reported in children with low-grade gliomas.4,5 In a series of nine pediat-
ric patients with low-grade glioma treated with LITT,5 only one patient
had recurrence of tumor at last follow-up. None of the six patients with
PAs had recurrence, and only one of the nine patients had a postopera-
tive neurological deficit after treatment of a midbrain-thalamic lesion. Fol-
low-up time in this series ranged from 13 to 46 months.5 Other studies
have also documented the use of LITT in pediatric neoplasms other
than low-grade glioma in deep locations with favorable outcomes.3,4,6,21

Although there were no perioperative complications in our case,
the literature does report a risk of postoperative hemorrhage with
LITT.22–25 From our literature review of pediatric patients who
underwent LITT, one patient had an intralesional hemorrhage after
treatment for a hypothalamic hamartoma.23 This resulted in a tran-
sient visual field deficit. There are multiple reports of postoperative
hemorrhage in the adult population. Hemorrhage in these patients
may result from the case series commonly involving patients with
higher grade gliomas that are more prone to hemorrhage as well as
treatment of larger tumors. One series reported that rates of bleed-
ing were higher in patients with large lesions; these authors subse-
quently changed their practice to only use LITT on patients with
tumors less than 3 cm in diameter. Since making this change, the
authors have not experienced postoperative LITT hemorrhage.24

Lessons
Pediatric patients presenting with symptomatic cystic tumor invading

deep, midline structures of the brain may be treated successfully with a
combination of reservoir placement for cyst drainage and LITT. Reservoir
placement can reduce mass effect on structures surrounding the cyst
and thereby allow for optimal LITT treatment in deep and eloquent areas
that were not amenable to resection. The Ommaya reservoir was left in
place as a temporizing measure because of the possibility the cyst might
recur in the future and need to be drained.

A limitation of this case is that the follow-up time is only 16
months; however, review of small case series in patients with PAs
treated with LITT who have longer follow-up suggests favorable recur-
rence rates.4 Reservoir placement prior to LITT was necessary in this
patient in order to immediately treat the weakness. LITT without res-
ervoir placement and cyst drainage would have been unlikely to
resolve the patient’s symptoms, and the post-LITT edema could have
made the patient worse. Reservoir placement obviated the immediate
need for extensive tumor removal, was available in case of symptom-
atic cyst re-expansion, and allowed for LITT in an eloquent region
under more advantageous conditions.
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