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Abstract

Background: Symptomatic intracranial hemorrhageis arare
complication of laser interstitial thermal therapy (LITT). Ob-
jectives: To present a unique case of delayed symptomatic
intracranial hemorrhage occurring after a LITT procedure for
epilepsy in a high-volume center (68 LITT procedures
for pediatric epilepsy have been performed). Methods: An
18-year-old male with epilepsy underwent LITT to an area of
heterotopia near the right lateral ventricle. He did well ini-
tially and was discharged home on postoperative day 1 but
returned on postoperative day 9 with headache and left
hemiparesis. He was found to have intraparenchymal and
intraventricular hemorrhage in the region of the LITT cath-
eter tract. Results: CT angiography on admission revealed a
small vascular abnormality near the focus of hemorrhage
suspicious for pseudoaneurysm, although conventional an-
giography was negative. The patient declined neurological-
ly and underwent craniotomy and hemorrhage evacuation.
He eventually convalesced and was discharged to inpatient
rehabilitation with persistent left hemiparesis. He has been

seizure free since the intervention but remains on antiepi-
leptic drugs. Conclusions: Evidence from the literature sug-
gests that the pathophysiology of symptomatic hemorrhage
after LITT may be related to vascular injury and pseudoaneu-
rysm formation from LITT catheter placement and/or ther-

mal injury from the ablation itself. ©2017S. Karger AG, Basel

Introduction

MRI-guided laser interstitial thermal therapy (LITT)
is a stereotactic, minimally invasive method of inducing
selective thermal injury to pathological lesions in the
brain. Although stereotactic laser thermal ablation has
been described as early as 1983 [1], recent technological
advances in MRI guidance and real-time monitoring of
local tissue injury have galvanized interest in the tech-
nique as a treatment for tumors and epileptogenic foci in
particular [2-4]. While early reports of LITT safety and
efficacy have been favorable [3, 5-8], a variety of unex-
pected adverse events related to LITT have also been re-
ported, including intracranial hemorrhage [2-4, 8, 9], ce-
rebral edema [9], and fracture of the intracranial bolt/
catheter [10].
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Fig. 1. MRI T1 images after contrast enhancement. Axial (a), sagittal (b), and coronal (c) images taken after ste-
reotactic placement of a laser fiber catheter within a small focus of heterotopia near the posterior aspect of the
right lateral ventricle demonstrate the location of the catheter tip (white arrows). d-f Corresponding images
taken after laser interstitial thermal therapy was complete revealing wispy enhancement around the lesioned fo-
cus (white arrows).

According to these initial reports, clinically relevant
intracranial hemorrhage after LITT is a rare — although
occasionally catastrophic — complication [2, 8], typically
discovered as a result of clinical deterioration soon after
the ablative procedure and often attributed to bur hole
creation and catheter placement rather than to thermal
injury from the ablation itself [9, 10]. Interestingly, all
moderate to severe intraparenchymal hemorrhages cur-
rently reported after LITT have occurred in patients un-
dergoing ablation for tumors; only 1 of these cases was
treated with surgical evacuation and/or exploration [11],
and in only 1 case did the hemorrhage arise more than 1
week after treatment [4].

We report a case of intraparenchymal and intraven-
tricular hemorrhage occurring 9 days after an LITT pro-
cedure for periventricular heterotopia in a patient with
intractable epilepsy. The patient underwent craniotomy
for hemorrhage evacuation and exploration, but no
source of the hemorrhage was ultimately discovered.
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Case Description

An 18-year-old male with no significant medical history other
than partial complex seizures since the age of 13 presented to our
clinic as a referral for possible vagal nerve stimulator placement.
Despite adequate treatment trials with 3 antiepileptic medications,
he continued to have seizures every other day. He underwent an
MRI of the brain at age 18 and was found to have multiple foci of
nodular heterotopia and linear cortical dysplasia abutting the lat-
eral ventricles bilaterally. He underwent phase 2 evaluation con-
sisting of stereotactic placement of 4 depth electrodes in bilateral
occipitotemporal areas of heterotopia as well as bifrontal areas of
heterotopia abutting the frontal horns of the lateral ventricles. All
but the right frontal heterotopic foci were found to exhibit epi-
leptogenic activity associated with electrographic and clinical sei-
zures. The patient was thus considered to be a candidate for LITT
(68 LITT procedures have been performed by the authors for pe-
diatric epilepsy at the time of this publication) — a more definitive
treatment option than vagal nerve stimulator placement. He un-
derwent LITT to the 3 epileptogenic foci at that time with 3 Visu-
alase (Medtronic, Minneapolis, MN, USA) catheters. Postopera-
tively, he experienced moderate visual apraxia that largely resolved
over the following 6 months. He was discharged to home on post-
operative day 3 after the ablative procedure. Although he experi-
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Fig. 2. CT brain images without contrast (top) obtained when the
patient presented 9 days later with hemiparesis and headache. In-
traparenchymal hemorrhage is seen within the tract and around
the tip of the laser fiber catheter through which laser interstitial
thermal therapy took place. Also seen is diffuse intraventricular
hemorrhage and hydrocephalus. CT-angiography images (bot-
tom) reveal a possible pseudoaneurysm in the vicinity of the hem-
orrhage (white arrows).

enced 2 clinical seizures in the immediate postoperative period, no
further clinical seizure activity was witnessed until 17 months lat-
er, when he began to have occasional breakthrough seizures de-
spite continuous therapy with 2 antiepileptic drugs.

The patient presented to our clinic 21 months after the initial
ablation complaining of persistent breakthrough seizures and the
need for ongoing use of antiepileptic drugs, together preventing
him from pursuing academic and work-related interests to his full
capacity. An MRI of the brain at that time revealed a previously
untreated area of heterotopia abutting the posterior aspect of the
right lateral ventricle. After discussing the risks and benefits of in-
tervention, the patient elected to undergo LITT to the previously
untreated area of heterotopia abutting the posterior right lateral
ventricle. A single Visualase (Medtronic) catheter was placed here
using a rigid, stereotactic frame (Fig. 1a—c). Intraoperative MRI at
the time revealed only postablation changes without evidence of
significant hemorrhage (Fig. 1d-f). Postoperatively, the patient
did well and was discharged home in good condition on postop-
erative day 1.

On postoperative day 9 the patient presented to an outside fa-
cility with acute-onset left hemiparesis, generalized tonic-clonic
seizure activity, and severe headache. A CT of the brain at that time
revealed intraparenchymal hemorrhage along the right parietal
catheter tract as well as hemorrhage within the lateral, third, and
fourth ventricles (Fig. 2). CT angiography at the time revealed an
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abnormal dilation of a vessel within the rightlateral periventricular
area that was felt by the reading radiologist to be consistent with a
pseudoaneurysm of a right posterior cerebral artery branch. An
external ventricular drain was placed, and the patient underwent
conventional 4-vessel angiography, which was negative for pseu-
doaneurysm or other vascular abnormality.

The patient remained clinically stable for 2 days, but he became
acutely unresponsive on hospital day 2, and intracranial pressure
values became elevated up to 50 mm Hg. A repeat CT brain was
performed, revealing worsening of the previously seen intraparen-
chymal and intraventricular hemorrhage as well as trapping of the
right lateral ventricle (Fig. 3a—c). He was taken emergently to the
operating room where a right parietal craniotomy was performed.
A firm, organized intraparenchymal hematoma was encountered
tracking down into the right lateral ventricle. After this was evacu-
ated, the area was explored thoroughly. Several small vessels cours-
ing along the choroid plexus within the right lateral ventricle
appeared to be bleeding slightly. These were coagulated, but no
further vascular source for the patient’s hemorrhage could be
identified.

The patient returned to the intensive care unit where he was
monitored for several days without further hemorrhage. An at-
tempt was made to wean the external ventricular drain on postop-
erative days 3 and 4 from the craniotomy, but the patient did not
tolerate weaning. An attempt was then made to perform an endo-
scopic third ventriculostomy on postoperative day 4, but visibility
was limited due to persistent intraventricular blood, and thus the
procedure was aborted. A second attempt was made to wean the
external ventricular drain, but the patient did not tolerate the
weaning clinically, and a ventriculoperitoneal shunt was instead
placed on postoperative day 16 from the craniotomy. The patient
remained stable over the course of the following week and was then
discharged to inpatient rehabilitation for his persistent left hemi-
paresis. He has been seizure free since the intervention but remains
on antiepileptics at the most recent follow-up.

Discussion

Though the incidence of symptomatic hemorrhage af-
ter stereotactic intracranial procedures is reportedly low
(1.2-7.2%) [11-21], the potential morbidity and mortal-
ity associated with intracranial hemorrhage after LITT
are illustrated in this case. Patients undergoing LITT
must be counseled accordingly.

Although a small amount of asymptomatic hemor-
rhage may be expected in a majority of patients after ste-
reotactic neurosurgical procedures [21], the mechanism
underlying the development of clinically relevant intra-
cranial hemorrhage after catheter placement, electrode
placement, or stereotactic biopsy is not well understood.
The placement of a catheter or electrode through the pa-
renchyma of the brain could presumably lead to tract
hemorrhage through direct vascular injury, and efforts
should be made to plan a trajectory that avoids any visible
vessels during procedural planning. Venous oozing could
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Fig. 3. CT brain images without contrast. Axial (a) and coronal (b, c) images taken after the patient experienced
a neurological decline reveal worsening of the previously seen intraparenchymal and intraventricular hemor-
rhage. Axial (d) and coronal (e, f) images taken after operative exploration and hematoma evacuation reveal
complete resolution of the previously seen hemorrhage.

also be a factor in patients with clotting deficiencies, and
standard coagulation studies (e.g., INR, PTT, platelet
count) should be a routine component of the preopera-
tive evaluation. During tumor biopsy, bleeding may also
occur directly from the lesion itself, and active bleeding
from the biopsy cannula should prompt a period of ob-
servation and irrigation until the bleeding abates.

Factors such as intraoperative or postoperative hyper-
tension [12], vascularity of the target lesion (e.g., in pa-
tients with glioblastoma) [21, 22], and occult coagulopa-
thy [11] in certain patients have been cited as possible
explanations for the occurrence of clinically relevant in-
tracranial hemorrhage after intracranial catheter/elec-
trode placement. Among these supposed risk factors,
however, only hypertension has been objectively associ-
ated with symptomatic hemorrhage [12].

Sansur et al. [12] (2007) retrospectively evaluated the
incidence of intracranial hemorrhage occurring after the
placement of 567 intraparenchymal electrodes in 259 pa-
tients for deep brain stimulation, radiofrequency lesion-
ing (for movement disorders), and seizure focus localiza-
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tion. Symptomatic intracranial hemorrhage was discov-
ered in 7 patients (2.7% of patients, 1.2% of all electrodes
placed). The majority of these hemorrhages (4/7) oc-
curred after deep brain stimulator electrode placement
(although 2/7 occurred after radiofrequency lesioning).
Furthermore, only 1 of the symptomatic hemorrhages
(1/7) occurred in the target region; the others were seen
in the subcortical or intraventricular spaces. Preexisting
hypertension was a risk factor for symptomatic hemor-
rhage in this study (p = 0.007), as was a history of Parkin-
son disease (p = 0.007), advanced age (p =0.01), and male
sex (p = 0.04). Prior use of anticoagulant or antiplatelet
medications was not significantly associated with the risk
of symptomatic hemorrhage (p = 0.95).

In addition to the risks of vascular injury associated
with transparenchymal catheter/electrode placement and
aspiration (e.g., with stereotactic biopsies), LITT proce-
dures introduce a unique element that could conceivably
contribute to the risk of intracranial hemorrhage: direct
thermal vascular injury. The thermal dose delivered, the
direction of delivery, and the length of time over which
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Table 1. Review of reported cases of symptomatic intracranial hemorrhage occurring after LITT

Authors Age, Sex  Pathology LITT target Hemorrhage Duration to symptom Vascular Management Outcome at
years location location onset/hemorrhage lesion last follow-up
detection
Jethwa et al. NR NR  meningioma left sylvian NR identified after laser NR craniotomy NR
[9], 2012 fissure fiber/probe insertion for hemorrhage
and prior to therapy evacuation
Sloan et al. 44 M glioblastoma left parietal intraparenchymal 6 weeks pseudo- coil embolization neurologically
[4],2013 aneurysm intact
Mohammadi NR NR  glioblastoma NR NR NR NR nonoperative expired
etal. [8],2014
Mohammadi NR NR  glioblastoma NR NR NR NR nonoperative NR
etal. [8],2014
Mohammadi NR NR  glioblastoma NR NR NR NR nonoperative NR
etal. [8],2014
Barber et al. 18 M epileptic focus, right parietal intraparenchymal 9 days possible craniotomy resolving
[present study] heterotopia and intraventricular pseudo- for hemorrhage hemiparesis
aneurysm evacuation

Comprehensive list of reported cases of symptomatic intracranial hemorrhage occurring after LITT, including age and sex of the patients, pathology targeted with LITT, target lo-
cation, hemorrhage location, duration to symptom onset, whether a vascular lesion was subsequently detected in the hemorrhage location, how the hemorrhage was managed, and
patient clinical outcome at the last follow-up visit, where reported. LITT, laser interstitial thermal therapy; NR, not reported.

this dose is delivered are all relatively variable between
practitioners and are often tailored to the specific patient
and/or lesion being treated. It seems feasible that higher
thermal doses delivered over a greater length of time
could lead to increased tissue injury and a greater propen-
sity for symptomatic intracranial hemorrhage. The lim-
ited amount of available evidence, however, seems to in-
dicate that the risk of symptomatic intracranial hemor-
rhage after LITT is not appreciably greater than that seen
with other stereotactic procedures, despite the addition of
thermal injury to the procedure [2-4, 8, 9]. Further study
regarding the risks and benefits of varying doses and time
frames of heat delivery will be required in order to better
characterize the influence of thermal injury on complica-
tions and other outcomes.

The majority of previously reported symptomatic in-
tracranial hemorrhages discovered after LITT have oc-
curred in patients undergoing LITT for tumors (Table 1)
[2-4, 8, 9]. While it may seem that the vascular prolifera-
tion and necrosis associated with high-grade gliomas
would increase the risk of symptomatic hemorrhage after
stereotactic biopsy or LITT, objective evidence in support
of this idea is lacking.

Many of the reported symptomatic intracranial hem-
orrhages after LITT were discovered almost immediately
after the procedure due to neurological deterioration or
routine postoperative imaging acquisition. In our case,
however, and in the case of 1 other report [4], hem-
orrhage was discovered 1-6 weeks after the procedure
(Table 1). Interestingly, in both cases of delayed symp-
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tomatic intracranial hemorrhage after LITT evidence of a
pseudoaneurysm was seen within the vicinity of the treat-
ment target or tract on imaging. Sloan et al. [4] (2013)
discovered a pseudoaneurysm and associated intracrani-
al hemorrhage in a patient 6 weeks after undergoing an
LITT procedure for recurrent glioblastoma when the
patient presented with neurological deterioration. The
pseudoaneurysm was embolized, and the patient report-
edly experienced no further complication or deficit. In
our case, evidence of a pseudoaneurysm was seen in the
vicinity of the laser fiber/probe tract on CT angiography
performed 9 days after the LITT procedure, although no
vascular abnormality was seen on conventional catheter
angiography performed shortly thereafter, nor was any
abnormality directly visualized when the area was ex-
plored intraoperatively days later.

Field etal. [11] (2001) similarly described 2 incidences
of delayed hemorrhage in patients undergoing stereotac-
tic biopsy for high-grade glioma. In both cases, CT per-
formed 15 min after the procedure was negative for hem-
orrhage, and both patients were discharged home on
postoperative day 1. Both patients returned days later
with neurological decline and evidence of large intrapa-
renchymal and/or intraventricular hematomas in the
vicinity of the biopsy site. One patient died despite op-
erative intervention, while the other was treated conser-
vatively and eventually discharged with persistent motor
deficit. It is unclear whether vascular imaging was per-
formed in these cases, although no findings of pseudoan-
eurysm or other vascular abnormality are reported.
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Conclusions

We present the first reported case of a symptomatic

anism involved in such complications and provide guid-
ance to practitioners at high-volume centers in terms of

mitigating risk.

intracranial hemorrhage occurring more than 1 week af-
ter LITT for epilepsy. While the pathophysiology of de-

layed hemorrhage after LITT is incompletely understood,
findings from this case and others suggest that vascular
injury and resultant pseudoaneurysm formation may
play arole. Further study may further elucidate the mech-
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