
 
 

Disclaimer:  The Rapid Response Serv ice is an information serv ice for those involved in planning and prov iding health care in Canada. Rapid 
responses are based on a limited literature search and are not comprehensive, systematic rev iews. The intent is to prov ide a list of sources and 
a summary of the best ev idence on the topic that CADTH could identify  using all reasonable efforts within the time allowed. Rapid responses 
should be considered along with other types of information and health care considerations. The information included in this response is not 
intended to replace professional medical adv ice, nor should it be construed as a recommendation for or against the use of a particular health 
technology. Readers are also cautioned that a lack of good quality  ev idence does not necessarily  mean a lack of effectiveness particularly  in 
the case of new and emerging health technologies, for which little information can be found, but which may in future prove to be effective. While 
CADTH has taken care in the preparation of the report to ensure that its contents are accurate, complete and up to date, CADTH does not 
make any guarantee to that effect.  CADTH is not liable for any loss or damages resulting from use of the information in the report.  
 
Copyright:  This report contains CADTH copyright material. It may be copied and used for non-commercial purposes, prov ided that attribution is 
given to CADTH. 
 
Links:  This report may contain links to other information available on the websites of third parties on the Internet. CADTH does not have 
control over the content of such sites. Use of third party  sites is governed by the owners’ own terms and conditions.   
 
 

TITLE: Laser Interstitial Thermal Therapy for Intracranial Lesions and Epilepsy: A 
Review of the Clinical Effectiveness, Cost-Effectiveness, and Guidelines 

 
DATE: 29 September 2015 
 
CONTEXT AND POLICY ISSUES 
 
Surgical resection, often followed by adjunct chemotherapy and/or radiation therapy, is the 
preferred treatment option for patients with brain tumours or medically intractable focal 
epilepsy.1 One-third of epilepsy patients have conditions that are refractory to pharmacological 
therapy, and while brain cancer is relatively rare the associated mortality is among the highest 
for all cancer types.1,2 Prognosis for these patients is significantly worse in cases where the 
intracranial lesion(s) are inoperable. Inoperable lesions are often in intracranial locations that 
would require extensive dissection, increasing the risk of collateral neurological damage and 
permanent neurological deficits. Minimally invasive stereotactic lesion ablation is a viable 
treatment option for gliomas and epileptic foci when surgical excision is contraindicated due to 
the lesion location, low functional scores, comorbidities, or contraindications for general 
anesthesia.1 
 
Laser interstitial thermal therapy (LITT) is a minimally invasive stereotactic lesion ablation 
technique first described in 1983.1 LITT delivers laser energy through a fibreoptic catheter to 
target lesions where absorbed laser energy induces thermal tissue damage. The current 
incorporation of real-time magnetic resonance imaging (MRI) techniques to LITT has improved 
the accuracy of lesion targeting and thermal control of this technique.1,3 Currently, there are two 
commercially available LITT systems, Visualase (BioTex, Houston, Texas, USA) and 
NeuroBlate (Monteris Medical, Minneapolis, Minnesota, USA) systems. The systems use 
different lasers and software but both are used in conjunction with an MRI system that provides 
real-time thermographic data. The potential advantages of LITT over craniotomy include a 
shorter hospital stay, reduced postoperative pain and reduced blood loss. 
 
Stereotactic radiosurgery (SRS) is another noninvasive option indicated for intracranial lesion 
patients, and has achieved an 80 - 90% local control rate over metastatic lesions.1 SRS, 
however, plays a limited role in glioma or medically intractable focal epilepsy because of the 
inability to visualize ablation in real-time. SRS also presents concerns about cumulative adverse 
radiation effects.1 
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The potential advantages of LITT over SRS, and other minimally invasive stereotactic 
modalities, include precisely delivered nonionizing radiation, short ablation time, sharp ablation 
zone boundaries, and real-time monitoring of ablation.1,4 However, the procedure presents 
potential complications due to the requirement for a burr-hole in the skull, and the long-term 
effects of thermal necrosis of brain tissues is not yet entirely clear.1 
 

The purpose of this report is to retrieve and review existing evidence of clinical efficacy and 
safety of LITT systems for patients with brain tumours or epileptogenic lesions, and to review 
cost-effectiveness evidence and evidence-based guidelines for the use of LITT. 
 
RESEARCH QUESTIONS 
 
1. What is the clinical effectiveness and safety of laser interstitial thermal therapy for patients 

with intracranial lesions or epilepsy? 

 

2. What is the cost-effectiveness of laser interstitial thermal therapy for patients with 

intracranial lesions or epilepsy? 

 

3. What are the evidence-based guidelines regarding the use of laser interstitial thermal 
therapy for patients with intracranial lesions or epilepsy? 

 
KEY FINDINGS 
 

The quantity and quality of the available evidence for the clinical efficacy of laser interstitial 
thermal therapy is limited. One randomized controlled trial, published in 1998, was identified by 
the included systematic review. The trial demonstrated that laser interstitial thermal therapy 
improved survival and increased the time to progression for glioblastoma multiform patients 
when used as an adjunct therapy. Additionally, two recent prospective cohort controlled studies 
demonstrated that laser interstitial thermal therapy had similar seizure outcomes to anterior 
mesial temporal lobe resection for the treatment of epilepsy. These studies also presented 
conflicting evidence regarding a decreased cognitive decline associated with laser interstitial 
thermal therapy as compared to anterior mesial temporal lobe resection. One small study found 
that observed efficacy was associated with decreased surgery time, decreased length of 
hospital stay, and decreased requirement for pain control. The systematic review and two health 
technology assessments concluded that laser interstitial thermal therapy had an acceptable 
complication profile but that more evidence for comparative clinical efficacy was required. 
Increased operating room and total hospitalization costs were associated with laser interstitial 
thermal therapy as compared to an open surgical procedure in one prospective cohort 
controlled study. No cost-effectiveness studies or guidelines on the use of laser interstitial 
thermal therapy were identified. 
 
METHODS 
 
Literature Search Strategy 

 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library, University of York Centre for Reviews and Dissemination (CRD) databases, ECRI, 
Canadian and major international health technology agencies, as well as a focused Internet 
search. No filters were applied to limit the retrieval by study type. Where possible, retrieval was 
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limited to the human population. The search was also limited to English language documents 
published between January 1, 2010 and August 31, 2015. 
 
Selection Criteria and Methods 
 

One reviewer screened titles and abstracts identified in the literature search strategy. Retrieved 
full text articles that then satisfied the selection criteria presented in Table 1 were included in the 
final selection for this report. 
 
 

Table 1:  Selection Criteria 

Population 
 

Epilepsy patients and patients with brain tumours (malignant and 
benign), including patients with primary or recurrent glioblastomas, 
high grade gliomas (grade 3 or 4), tumours in or near deep seated 
areas (areas of eloquence) 

Intervention 
 

Laser interstitial thermal therapy (Visualase and NeuroBlate systems) 

Comparator 
 

Any comparator (including craniotomy, stereotactic radiosurgery 
[e.g., Gamma Knife], open micro-surgery, interstitial brachytherapy, 
radiofrequency, chemotherapy implants [e.g., Gliadel Wafers]) 

Outcomes 
 

Q1: Clinical benefit and safety (e.g., lesion eradication, length of 
hospitalization, length of operating room time) 
Q2: Cost-effectiveness 
Q3: Guidelines and recommendations 

Study Designs 
 

Health Technology Assessments (HTA)/Systematic review 
(SR)/Meta-analysis (MA); Randomized controlled trials (RCTs); Non-
randomized studies; Economic evaluations; and Evidence-based 
Guidelines 

 
Exclusion Criteria 
 
Studies that did not meet the selection criteria, were case studies or series, were published in a 
language other than English, or were published prior to 2010, were excluded. 
 
Critical Appraisal of Individual Studies 

 
The quality of the included SR and HTAs were assessed using the Assessing the 
Methodological Quality of Systematic Reviews (AMSTAR) tool.5 The quality of the non-
randomized studies included in this report was assessed using the Downs and Black checklist 
for non-randomized studies.6 Instead of assigning a numerical score, all critical appraisals 
described strengths and limitations of the studies narratively. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 

Screening of the 292 titles and abstracts identified in the literature search strategy resulted in 27 
articles identified as potentially relevant, in addition to six articles identified by searching the 
grey literature. The full text of these 33 articles was retrieved and five were evaluated as 
meeting the selection criteria. One systematic review (SR),7 two health technology assessments 
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(HTAs),2,8 and two non-randomized studies,9,10 comprise the five articles included in this report. 
No economic studies on LITT, or evidence-based guidelines for LITT use were identified. The 
28 studies excluded from this report consisted of 13 case series, four reviews, two editorials, 
two conference abstracts, three examined irrelevant outcomes, one examined an irrelevant 
population, two examined an irrelevant intervention, and one was unavailable for review.11 The 
selection procedure for the literature included in this review is described in a PRISMA flowchart 
(Appendix 1). 
 
Summary of Study Characteristics 

 
Health Technology Assessments 
 
The HTA from the ECRI Institute was published in 2014 from the USA and includes 18 case 
series, published between 2011 and 2014.

8
 The case series examined were categorized 

according to the patient population. The case series patient categories consisted of 104 
neurologic tumour patients, 94 neurologic tumours and other disorder patients, and 67 epilepsy 
patients. This HTA focused exclusively on the Visualase system. A variety of clinical 
effectiveness outcomes were tabulated and reported narratively and included length of hospital 
stay (LOS), seizure outcome, mean survival, percent pain free patients, and complications. 
Other aspects of LITT that were assessed in this HTA included regulatory status, safety, and 
ongoing clinical trials.8 
 
The Australian Safety and Efficacy Register of New Interventional Procedures - Surgical 
(ASERNIPS) published an HTA in 2013 that focused on two case series that examined LITT.2 
One case series, Jethwa et al., 2012,12 examined treatment of 20 intracranial neoplasm patients 
with the Visualase system while the other, Sloan et al., 2013,13 examined treatment of 10 GBM 
patients with the NeuroBlate system. The reported outcomes from the two uncontrolled case 
series included LOS, average treated volume, area of thermal damage, increased Karnofsky 
performance status (KPS) scores, decreased KPS scores, and complications.2 The assessment 
also examined the current state of approval of LITT technology both in Australia and from the 
United States Food and Drug Administration. A brief discussion on the associated costs is 
presented but no economic evidence was identified. 
 
Systematic Review 
 
The SR included in this report was published in 2014, and reviewed evidence from 21 case 
series studies published between 1990 and 2013, and one RCT published in 1998.

7
 One of 

these case series is also included in the HTA from Australia.2,13 The patient population 
examined in the studies averaged 54 years old, and was comprised of 24 astrocytoma patients; 
99 glioblastoma multiforme, recurrent glioblastoma, and malignant glioma patients; and 23 
metastatic cancer patients. The SR noted where information was available in the case series 
that 8 of 24 patients had tumours in areas that were inoperable or in areas of eloquence. 
Collateral surgical damage in these areas could result in loss of sensory processing, linguistic 
ability, and/or paralysis.7 The LITT interventions used in the included studies were the Visualase 
(BioTex, Houston, Texas, USA) and NeuroBlate (Monteris Medical, Minneapolis, Minnesota, 
USA) systems. The clinical effectiveness outcomes of the included case series were 
qualitatively summarized narratively and categorized as astrocytoma patients; glioblastoma 
multiforme (GBM), recurrent GBM (rGBM), and malignant glioma patients; or metastatic cancer 
patients. Complication data from the case series was pooled and reported. The RCT included in 
the SR examined LITT as an adjunct therapy to brachytherapy and compared it to 
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brachytherapy without adjunct LITT in the treatment of 68 GBM patients. Clinical effectiveness 
outcomes reported in the SR from the RCT were mean time to progression and mean survival 
time.7 
 
 
Non-randomized Studies 
 
The most recent non-randomized study, published in July 2015, is a prospective cohort 
controlled study (PCCS) conducted in the USA with an average follow-up of one year.9 The 
patients consisted of four males and ten females aged 51 to 57 years old, and averaged 31.8 
years of medically refractory mesial temporal lobe epilepsy (MTLE). Seven patients were 
treated with magnetic resonance-guided LITT (MRg-LITT) (Visualase) and seven patients were 
treated with anterior mesial temporal lobe resection (AMTL), an open surgical procedure. 
Outcomes reported were seizure outcome (Engel class), surgical time, postoperative pain 
control, neurological performance as measured by a wide range of tests, LOS, operating room 
(OR) charges, and total hospitalization charges.9 
 
The other non-randomized study included in this report, also from the USA, was published in 
January of 2015.10 This study was a prospective, non-blinded, parallel group designed study. 
Follow-ups were scheduled at six months and one year for patients treated with open resection 
or stereotactic laser amygdalohippocamptomy (SLAH) using a LITT system (Visualase). The 58 
temporal lobe epilepsy patients self-selected the treatment procedure resulting in 19 patients 
treated with SLAH and 39 patients opting for AMTL. This study reported seizure outcomes 
(Engel classification) and cognitive measures. Patients in this study were evaluated pre-
treatment for hemisphere language dominance, and cognitive measures. Results were then 
classified according to the procedure, either SLAH or AMTL, and the side on which the 
treatment was given, language dominant or nondominant.10 
 
Summary of Critical Appraisal 

 
The two HTAs searched broadly but exclusively identified case series as evidence for the 
clinical effectiveness and safety of LITT and both also discuss the limitations inherent in this 
type of evidence.

2,8
 The ECRI Institute provided literature search methodology details and 

limited to relevant studies published between January 2009 and August 2014 without including 
explicit inclusion or exclusion criteria.

8
 The HTA from ASERNIPS provided only literature search 

terms, no details of the methodology, and no search timeframe that resulted in the selection of 
the two included case series.

2
 Both HTAs included a defined research objective, tabulated study 

characteristics, and an examination of the reported complications. Limitations shared by both 
HTAs included a lack of details on literature inclusion and exclusion criteria, no data extraction 
methodology, and no conflict of interest (COI) statement.2,8 The HTA from the ECRI Institute 
was brief and did not include an assessment of the quality of the included studies, potential 
COIs or follow-up time of included studies, or a quantitative summary of the case series results.8 
The HTA from the ECRI Institute also reported that the included studies may have reported on 
the same patient population more than once, and only one of the included case series reported 
a follow-up time which averaged eight months.8,13 
 
The SR included in this report provided sufficient methodological details including a defined 
research objective, and a literature search and selection methodology. The results of the 
literature selection were outlined in a PRISMA flowchart, however there were no details 
provided for data extraction methodology. The authors did no statistical analysis and therefore 
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no statistical methods were detailed. An important limitation of the SR was the inclusion of case 
series from the literature. The SR reported that these studies had inherent design limitations 
and were subject to potential biases including selection bias, incomplete collection of data, and 
vested interests. The authors acknowledge and outline these limitations but do not discuss or 
evaluate the quality of individual included studies. There was a summary of the data from the 21 
case series and one RCT, however it was not clear if all outcomes were included, the length of 
follow-up for some studies was not provided, and some reported outcomes did not include any 
quantitative information. The SR acknowledged a potential COI, in which the lead author is a 
consultant for the manufacturer, but does not report potential COIs of the included studies. An 
important strength of the SR was a table summarizing the frequency and type of complications 
reported in the included studies.7 
 
The two included non-randomized studies were the highest quality primary study design 
identified in this report. Insufficient information was presented in the SR to evaluate the quality 
of the included RCT.9,10 Both these studies include strengths of a clearly stated objective, a well-
described intervention, clear patient inclusion and exclusion criteria, tabulated patient 
characteristics, a description of the statistical methods used, and clearly described findings. 
Additionally, Waseem et al.

9
 included a statement of no COI, and examined complications. The 

manufacturer provided assistance for Drane et al.10 with study-related costs, and compensation 
for consultancy services for one author. This study did not mention complications of either the 
intervention or comparator. Both studies were limited by their small size, short-term follow-up 
(one year), non-randomized patient selection, statistically significant differences in baseline 
patient characteristics, and unblinded outcome assessment.9,10 Significant differences in 
baseline patient characteristics were observed in level of education,10 and epilepsy duration.9 
The statistical significance of an average seven year age difference between groups was not 
reported in Waseem et al..9 This study did not detail the allocation methodology, and was 
published prior to having data from all patients.9 
 
Summary of Findings 
 

Brain Tumours 
 

The RCT that was included in the SR reported a statistically significant delay in mean time to 
GBM progression from 33 to 49 weeks in 35 patients treated with LITT as an adjunct therapy to 
brachytherapy. LITT adjunct therapy also resulted in a statistically significant increase in mean 
survival time from 76 to 80 weeks.7 
 
ASERNIPS examined two case series, and reported the clinical effectiveness findings of Jethwa 
et al.,14 where LITT was successfully performed in 19 out of 20 intracranial neoplasm patients 
with a suboptimal placement of the laser probe in 5 of these patients. This HTA also reported 
the clinical effectiveness findings of Sloan et al.,13 where tumour necrosis was observed in 10 
out of 10 rGBM patients, an increased KPS score in 3 out of 10 patients, a decreased KPS 
score in 1 out of 10 patients, and a median survival of 316 days that ranged from 62 to 767 days 
survival post-LITT. The authors conclude,”… at present, the effectiveness of magnetic 
resonance thermometry (MRT)-guided LITT is unknown. Consequently, the small body of 
evidence cannot be used to make an informed decision regarding the use of MRT-guided LITT.” 
(pp. 12) 2 
 
Findings of comparative clinical effectiveness were reported in the SR from included case 
series. The origin of the comparator data is cited literature values in at least one case,7,13 and 
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unclear in others. The authors concluded that “survival time with or without use of adjunct 
therapy (i.e. brachytherapy and chemotherapy) is prolonged with the use of LITT versus 
best/palliative care.” (pp. 88) Other non-comparative clinical effectiveness conclusions from the 
tabled case series data from GBM and rGBM patients in the SR were that the lesion size 
decreased significantly post-LITT, and that survival times approached 9 - 13 months.7 
 
Epilepsy 
 
The two PCCS studies included did not find any statistically significant differences in seizure 
outcomes between patients treated with LITT and AMTL.9,10 Waseem et al.9 found that LITT 
resulted in a statistically significant decrease in surgery time, LOS, and pain control 
requirements. This PCCS also found that LITT was associated with higher OR charges and total 
hospitalization charges (US$25 768 and US$21 347 more per LITT patient, respectively), which 
the authors attributed to the novelty of the procedure and additional equipment costs. This cost 
data was not analyzed in the context of clinical efficacy and therefore did not reflect cost-
efficiency.9 A range of neuropsychological outcomes, including the Boston Naming Test (BNT), 
examined in Waseem et al., did not reveal any statistically significant differences between LITT 
and AMTL.

9
 Related outcomes were assessed by Drane et al.

10
 including neuropsychological 

performance as assessed by the BNT. In this larger study, patients were categorized as to the 
anatomical location of the intervention relative to brain hemisphere dominance for language, 
either dominant or nondominant. Dominant sided AMTL patients had a statistically significant 
greater decrease in neuropsychological performance, as measured by BNT and famous face 
naming tests, compared to nondominant sided AMTL, dominant sided LITT, and nondominant 
sided LITT. Nondominant sided AMTL patients had a statistically significant greater decrease in 
famous face recognition tests as compared to dominant sided AMTL, or LITT on either side.10 
These hemisphere dependent effects upon naming and recognition performance fit the authors 
hypotheses about areas of brain function and collateral brain damage sustained during surgical 
access to mesial temporal lobe (TL) structures. The authors also concluded that the absence of 
co-variation between seizure outcomes and neuropsychological outcomes suggested that the 
difference between groups in neuropsychological outcomes was not a result of differential 
ablation of medial TL volume.10 
 
Clinical effectiveness findings from the ECRI Institute were that 98/152 patients were seizure-
free post-LITT after a mean LOS of 1.85 days. The authors conclude that because the source of 
evidence for LITT clinical efficacy is from case series, “this treatment’s effect on patient survival 
and quality of life is unknown.”8 
 
Complications 
 
The RCT included in the identified SR reported two occurrences of neurological deficit 
complications in the 35 patients, one case of local wound infection, and two instances of 
seizure.7 Complications from the comparator group were not reported in the SR. 
 
Complications, apart from the reported outcomes of neuropsychological performance 
decreases, were reported in one of the identified PCCSs.9 One patient out of seven receiving 
AMTL resection developed aseptic meningitis within 30 days after surgery. Within 30 days of 
receiving treatment for MTLE, two patients had a partial visual field deficit, and one patient had 
a postoperative seizure out of the seven patients receiving LITT.9 
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Perifocal edema was the most common complication reported by the SR, experienced by 25 of 
123 LITT patients. Other perioperative complications reported in 85 LITT patients included two 
deep vein thromboses, three pulmonary embolisms, two local wound infections, two systemic 
infections, and four seizures. Neurological deficits were observed in 3 out of 65 LITT patients. 
Complications of LITT as reported by the case series included in the HTA of the ECRI Institute 
included target inaccuracies (3/23), transient short-term memory deficit (3/20), subclinical 
hemorrhage (3/56), cerebral spinal fluid leak (1/20), visual field defect (2/24), superior 
quadrantanopsia (1/10), and unspecified complications (4/68).8 Major complications observed in 
the case series of Jethwa et al.,14 as reported by ASERNIPS, were insertion-related 
hemorrhage (1/20), edema (1/20), pituitary injury (1/20), and missed lesion (1/20).2 Major 
complications in the 10 patient case series of Sloan et al.,13 as reported by ASERNIPS, were 
one case of neutropenia, one cerebral cyst, one brain abscess, one dysphasia, one partial 
seizure, one postoperative wound infection, one case of hemiparesis, two haematomas, one 
glioma, one vascular pseudoaneurysm rupture, one pulmonary embolism, and two deep vein 
thromboses. The authors stated that “nearly all” patients experienced perifocal edema at 48 
hours post-LITT, and two patients experienced temporary neurological deficits. Longer-term 
complications in this case series of 10 patients were one white matter tract injury, one 
intracerebral hemorrhage, and one epicranial gliosarcoma at the probe entry site.

2
 With regard 

to complications the authors of the SR and HTAs conclude, based on evidence from case 
series, that LITT is fairly well tolerated,2 presents minimal complications,8 and has a 
complication profile similar to open resection.7 
 
The SR and HTAs all report that additional published experience with this technology is required 
to provide an accurate evaluation of LITT.2,7,8 ASERNIPS identified two ongoing trials from the 
clinical trials registry in the United States (clinicaltrials.gov). Both were case series and 
designed to evaluate clinical effectiveness outcomes.2 The HTA from the ECRI Institute also did 
not identify any ongoing comparative trials but did identify one ongoing case series.8 
 
Limitations 
 

The majority of the evidence included in this report is derived from case series which have 
inherent limitations and potential for biases. While a consensus was identified in the identified 
studies for an acceptable complication profile of LITT, the only evidence identified in this report 
on comparative complications was based on a PCCS of 14 patients. Some aspects of LITT 
technology may have advanced, along with improvements in MRI technology, and this report 
contains evidence that spanned a timeframe during which significant technological changes 
may have been introduced. A statistical power analysis was not performed in either PCCS 
included in this report, therefore findings of equivalent seizure outcomes for LITT and AMTL are 
limited. No evidence for the cost-effectiveness of LITT, or guidelines for the use of LITT were 
identified for this report. 
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING 

 
The evidence identified in this report suggests LITT provides clinical benefit for GBM and 
epilepsy patients.7,9 Statistically significant improvements in mean time to progression, from 33 
to 49 weeks, and mean survival time, from 76 to 80 weeks, were observed when LITT was used 
as an adjunct therapy to brachytherapy in 35 GBM patients as compared to brachytherapy 
alone.7 This evidence, from an RCT published in 1998, was the highest quality evidence 
identified in this report, however available details of the study were limited. No comparative 
complication rates from this RCT were reported.7 In seven epilepsy patients one PCCS reported 
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benefits of a statistically significant reduction in surgery time, LOS, and pain control requirement 
when comparing LITT to AMTL resection. These benefits of LITT were achieved at a statistically 
significant higher OR and total hospitalization cost which averaged US$25 768 and US$21 347 
more per LITT patient, respectively. No differences in seizure outcomes or neuropsychological 
performance change between patient groups was observed in this study.9 Another larger PCCS 
examined 19 patients undergoing a LITT treatment as compared to 39 patients undergoing 
AMTL resection for epilepsy. This study also examined similar outcomes of neuropsychological 
performance changes. Categorization of patients based upon the relative location of the 
treatment to the language dominant brain hemisphere demonstrated a statistically significant 
decrease in neuropsychological performance decline in patients receiving LITT treatment. This 
benefit of LITT was associated with statistically equivalent seizure outcomes to AMTL resection. 
This study did not report complications, conducted unblinded assessments, acknowledged 
potential COIs, and had patient groups with a statistically significant difference in the level of 
education.

10
 The best available evidence for comparative complication rates is from the PCCS 

examining seven epilepsy patients undergoing LITT where two experienced a partial visual field 
deficit, and one had a postoperative seizure. Of the seven AMTL patients one had aseptic 
meningitis within 30 days of surgery. The authors of this PCCS concluded that LITT was safe 
and provided comparable outcomes to AMTL resection.

9
 

 
The remainder of the evidence comes from case series identified in one SR and two HTAs. The 
authors of the HTAs conclude that the current evidence was insufficient to evaluate the efficacy 
of LITT either for brain tumour or epilepsy treatment.2,8 While the reported complication profiles 
of LITT had some differences, the consensus of the SR and HTAs is that LITT presented 
acceptable complications. The authors also were in agreement that more published studies are 
required to evaluate comparative clinical efficacy.2,7,8 Both HTAs did not identify any ongoing 
comparative clinical trials, however neither identified the two subsequently published PCCSs 
included in this report.2,8 
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ABBREVIATIONS 
 
AMSTAR Assessing the Methodological Quality of Systematic Reviews 
AMTL anterior mesial temporal lobe 
ASERNIPS Australian Safety and Efficacy Register of New Interventional Procedures - 

Surgical 
BNT Boston Naming Test 
COI conflict of interest 
CRD University of York Centre for Reviews and Dissemination 
FU follow-up 
GBM glioblastoma multiform 
HTA health technology assessment 
KPS Karnofsky performance status 
LITT laser interstitial thermal therapy 
LOS length of hospital stay 
MRgLITT magnetic resonance-guided laser interstitial thermal therapy 
MRT magnetic resonance thermometry 
MTLE mesial temporal lobe epilepsy 
OR operating room 
PCCS prospective cohort controlled trial 
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
RAVLT Rey Auditory and Verbal Learning Test 
ROCF Rey-Osterrieth Complex Figure 
RCT randomized controlled trial 
rGBM recurrent glioblastoma multiform 
SD standard deviation 
SLAH stereotactic laser amygdalohippocampotomy 
SR systematic review 
TL temporal lobe 
TLE temporal lobe epilepsy 
WMS-IV LM I Wechsler Memory Scale, 4

th
 Edition, logical memory I 

WMS-IV LM II Wechsler Memory Scale, 4th Edition, logical memory II 
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APPENDIX 1: Selection of Included Studies 

 
 
 
 

265 citations excluded 

27 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

6 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

33 potentially relevant reports 

28 reports excluded: 
-irrelevant population (1) 
-irrelevant intervention (2) 
-irrelevant outcomes (3) 
-case series (13) 
-other (review articles, editorials, 
conference abstracts, unavailable) (9) 
 

5 reports included in review 

292 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2: Summary of Study Characteristics 
Table A2.1:  Summary of Study Characteristics of Included SR, and HTAs 

Study 
Design, FU, 
Location 

Population 
(sample 
size) 

Intervention Comparator(s) Outcomes 

Systematic Review 

Voigt et al., 20147 
SR: (1 RCT, 
21 case 
series) 
 
Follow-up 
varied 
 
USA 

Mean Age 54 
± 13.3 years 
 
Astrocytomas 
(n = 24) 
 GBM, rGBM, 
and 
malignant 
gliomas (n = 
99) 
 metastatic 
cancer (n = 
23) 

LITT (n = 169) 
(both Visualase 
[BioTex, 
Houston, Texas, 
USA] and 
NeuroBlate 
[Monteris 
Medical, 
Minnesota, 
USA]) 
 
RCT examined 
LITT as an 
adjunct to 
brachytherapy 

RCT examined 
Brachytherapy 
without adjunct 
LITT 
 
OR 
 
None 
 
 

• Lesion size change 
• Survival time 
• Karnofsky index 
scores 
• Complications 
 

Health Technology Assessments 

ECRI Institute, 2014
8
 

HTA: (18 
case series) 
 
Follow-up 
varied 
 
USA 
 
 

Neurologic 
tumours (n = 
104) 
 neurologic 
tumours and 
other 
disorders (n 
= 94) 
 Epilepsy (n = 
67) 

LITT (n = 265) 
(Visualase 
[BioTex, 
Houston, 
Texas])  

None Study outcomes 
reported narratively for 
each study and 
included 
• LOS 
• Seizure outcome 
• Mean survival 
• Pain free patients 
• Complications 

ASERNIPS, 20132 

HTA: (2 case 
series) 
 
Follow-up 
not stated in 
one case 
series and 
median 8 
months in 
the other 
 
Australia 
 
 

Benign or 
malignant 
intracranial 
neoplasms (n 
= 20), 
recurrent or 
progressive 
GBM despite 
previous 
radiotherapy 
(n = 10) 

LITT (n = 30) 
(both Visualase 
[BioTex, 
Houston, Texas] 
and NeuroBlate 
[Monteris 
Medical, 
Minnesota, 
USA]) 
 

None • LOS 
• Average treated 
volume 
• Average ablated 
volume 
• Increased KPS scores 
• Decreased KPS 
scores 
• Median post-LITT 
survival 
• Complications 
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Table A2.1:  Summary of Study Characteristics of Included SR, and HTAs 
Study 
Design, FU, 
Location 

Population 
(sample 
size) 

Intervention Comparator(s) Outcomes 

ASERNIPS=Australian Safety and Efficacy Register of New Interventional Procedures - 
Surgical; FU=follow-up; GBM=glioblastoma multiform; HTA=health technology assessment; 
KPS=Karnofsky performance status; LITT=laser interstitial thermal therapy; LOS=length of 
hospital stay; RCT=randomized controlled trial; rGBM=recurrent glioblastoma multiform; 
SR=systematic review; 
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Table A2.2:  Summary of Study Characteristics of Included Non-Randomized Studies 

Study 
Design, FU, 
Location 

Population 
(sample size) 

Intervention Comparator(s) Outcomes 

Non-Randomized Controlled Studies 

Waseem et al., 20159 
PCCS 
 
Mean FU: 1 
year 
 
USA  

Medically 
refractory MTLE 
(n = 14) 
 
Age ≥ 50 years 
M/F = 4/10 
 

LITT (n = 7) 
(Visualase 
(BioTex, 
Houston, 
Texas)) 
 
Mean age 60.7 
years 
 

AMTL resection 
(n = 7) 
 
Mean age 53 
years 

• Seizure outcome 
(Engel class) 
• Surgical time 
• Postoperative pain 
control 
• Neurological 
performance 
• LOS 
• OR charges 
• Total hospitalization 
charges 
• Complications 

Drane et al., 2015
10

 

PCCS 
 
FU: 6 
months, 1 
year 
 
USA  

TLE (n = 58) 
 
Age ≥ 18 years 
 
Hemisphere 
language 
dominance 
assessed 
 
Dominant TL 
surgeries 
Open resection 
(n = 22) 
SLAH (n = 10) 
Nondominant TL 
surgeries 
Open resection 
(n = 17) 
SLAH (n = 9) 

SLAH (n = 19) 
(Visualase 
(BioTex, 
Houston, 
Texas)) 

AMTL resection 
(n = 39)  

• Seizure outcome 
• Cognitive measures 
(face and object 
recognition) 

AMTL=anterior mesial temporal lobe; FU=follow-up; GBM=glioblastoma multiform; 
KPS=Karnofsky performance status; LITT=laser interstitial; thermal therapy; LOS=length of 
hospital stay; MTLE=mesial temporal lobe epilepsy; OR=operating room; PCCS=prospective 
cohort controlled trial; RCT=randomized controlled trial; rGBM=recurrent glioblastoma 
multiform; SLAH=stereotactic laser amygdalohippocampotomy; SR=systematic review; 
TL=temporal lobe; TLE=temporal lobe epilepsy 
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APPENDIX 3: Summary of Critical Appraisal 
Table A3.1:  Summary of Critical Appraisal of Included SR, and HTAs using AMSTAR 
tool5 

Strengths Limitations 
Systematic Review 

Voigt et al., 20147 
• Literature search and 
selection/inclusion/exclusion methodology 
detailed 
• PRISMA flowchart 
• Defined research objective 
• Quantitative summaries of case series data 
• Tabulated study characteristics 
• Examination of reported complications 
• Discussion of limitations 
[put some of this in critical appraisal text] 

• Largely based upon 21 case series (1 
RCT) 
• Unclear data extraction methodology 
• Quality of studies not assessed 
individually 
• Does not examine data on epilepsy 
treatment 
• Acknowledged COI 
• No reporting of COIs of included studies 
• Tabulated data from studies not always 
clear 

Health Technology Assessments 

ECRI Institute, 20148 

• Literature search methodology detailed 
• Defined research objective 
• Discussion of limitations 
• Tabulated study characteristics 
• Examination of reported complications 
• Examines uses for treatment of brain tumours 
and epilepsy 
 

• Examines Visualase system (BioTex, 
Houston, Texas) only 
• Assessment based upon 18 case series 
• Little information on inclusion/exclusion 
criteria 
• Results from one patient population may 
have been reported in multiple included 
studies 
• No data extraction methodology 
• Quality of studies not assessed 
individually 
• No quantitative summary of case series 
data 
• No reporting of potential COIs of included 
studies 
• No COI statement 

ASERNIPS, 20132 

• Literature search terms provided 
• Defined research objective 
• Discussion of limitations 
• Level of evidence evaluated 
• Discussion of implementation 
• Tabulated study characteristics 
• Examination of reported complications 
• Reported COI statements of included studies 

• No information on literature selection 
criteria 
• Assessment based upon two case series 
• Does not examine data on epilepsy 
treatment 
• No data extraction methodology 
• No COI statement 

ASERNIPS=Australian Safety and Efficacy Register of New Interventional Procedures - 
Surgical; COI=conflict of interest; PRISMA=Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses; RCT=randomized controlled trial 
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Table A3.2:  Summary of Critical Appraisal of Included Non-Randomized Studies using 
Downs and Black checklist6 
Strengths Limitations 

Non-Randomized Controlled Studies 

Waseem et al., 20159 

• Objective clearly stated 
• Well-described intervention 
• Patient inclusion/exclusion criteria described 
• Tabulated patient characteristics 
• Statistical methods mentioned 
• Clearly described outcomes and findings 
• Examined complication occurrences 
• Statement of no COI 

• Small study (14 patients) 
• Short-term follow-up (mean 1 year) 
• Statistically significant difference in 
patient groups (duration of epilepsy greater 
in intervention group) 
• Unclear treatment of loss-to-follow-up 
patient data 
• Non-randomized patient selection 
• Assessments unblinded 
• Published before all patients had reached 
planned follow-up time 
• Unclear allocation methodology 

Drane et al., 201510 

• Objective clearly stated 
• Well-described intervention 
• Patient inclusion/exclusion criteria described 
• Tabulated patient characteristics 
• Statistical methods described 
• Clearly described findings 
 
 
 

• No examination of complications 
• Small study (19 SLAH patients) 
• Short-term follow-up (6 months and 1 
year) 
• Statistically significant difference in 
education between groups (higher 
education in intervention group) 
• Statement of potential COI 
• Non-randomized patient selection 
• Assessments unblinded 

COI=conflict of interest; SLAH=stereotactic laser amygdalohippocampotomy; 
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APPENDIX 4: Summary of Findings 
Table A4.1:  Summary of Findings from Included SR, and HTAs 

Systematic Review 

Voigt et al., 20147 
Main Findings: 
RCT Clinical Effectiveness 

Mean time to progression of GBM (weeks) (p = 0.045) 
Brachytherapy 33  
Brachytherapy w/ LITT 49 
 
Mean survival time (weeks) (p = 0.04) 
Brachytherapy 76  
Brachytherapy w/ LITT 80 
 
Case Series Clinical Effectiveness 

Astrocytoma 
24 patients (average age=40.9 years) LITT “appears to be well tolerated over longer term” 
 (pp. 86) 
 
GBM 
99 patients (average age=58.9 years) “Appears that survival time with or without use of 
 adjunct therapy (i.e. brachytherapy and 
 chemotherapy) is prolonged with the use of LITT 
 versus best/palliative care.” (pp. 88) 
 “Lesion size decreased significantly post-LITT” 
 (pp. 81) 
rGBM 
37 patients “… survival times approached 9 - 13 months after 
 LITT” (pp., 91) 
 
Metastatic disease 
23 patients (average age=60.1 years) “Karnofsky index scores were unchanged to slightly 
 improved in most patients in the 1 - 2 months period 
 following LITT.” 
 (pp. 90) 
 
 
Complications: 
Neurological deficits  3/65 
Perioperative complications  
Deep vein thrombosis 2/85 
Pulmonary embolism 3/85 
Intracranial bleeding 0/85 
Local wound infection 2/85 
Systemic infection 2/85 
Seizure 4/85 
Perifocal edema 25/123 
Author’s Conclusions: 

“Results indicate that the use of LITT±MRI in brain cancer can lengthen survival with 
complications similar to open resection.” (pp. 91) 
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Table A4.1:  Summary of Findings from Included SR, and HTAs 

 
“More published studies are required, most especially in patients with metastatic disease and 
in less aggressive type cancers based on the small numbers of patients studied in these 
groups” (pp. 77) 
Health Technology Assessments 

ECRI Institute, 20148 
Main Findings: 
Clinical Effectiveness: 

No overall summary of included case series reported. 
Frequently reported data from the case series are combined here from heterogenous patient 
populations, different follow-up times, and other significant differences in methodology. Some 
patients may also be represented more than once. 
 
Seizure-free post-LITT 98/152 
Mean LOS (days) 1.85 
Mean survival (months) 19.8 (7 patients with metastatic tumours) 
Pain free 7/10 (within 24 hours) 
 
Complications: 

Target inaccuracies 3/23 
Transient short-term memory deficit 3/20 
Subclinical hemorrhage 3/56 
Cerebral spinal fluid leak 1/20 
Unspecified complications 4/68 
Visual field defect 2/24 
Superior quandrantanopsia 1/10 
Author’s Conclusions: 

“Evidence from our review of abstracts of 18 small case series (some of which may have 
reported on the same patients) suggests that the Visualase system can be used to ablate 
intracranial tumors and seizure foci with minimal complications, but evidence is insufficient to 
determine whether it works as well as or better than alternatives because no comparative 
studies are available. This treatment’s effect on patient survival and quality of life is unknown. 
These important questions can be addressed only through comparative studies, but our 
searches for ongoing clinical trials identified no ongoing comparative trials and one ongoing 
case series.” (pp. 2) 

ASERNIPS, 20132 
Main Findings: 

Jethwa et al., 2012
14 

Clinical Effectiveness: 

Intracranial neoplasms 
LITT successfully performed 19/20 
Suboptimal placement of laser probe 5/20 
Percentage of tumour ablated NR 
Mean LOS (days) 2.3 
 
Complications: 

Major Complications  4/20 
Insertion-related hemorrhage 1/20 
Oedema 1/20 
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Table A4.1:  Summary of Findings from Included SR, and HTAs 

Pituitary injury 1/20 
Missed Lesion 1/20 
 
Sloan et al., 201313 
Clinical Effectiveness: 
rGBM 
Tumour necrosis observed 10/10 
Average ablated volume 5 ± 3.2 cm3 

Average total tumour volume treated 78% (range 57 - 90%) 
Increased KPS scores 3/10 
Decreased KPS scores 1/10 
Median post-LITT survival 316 days (range 62 - 767 days) 
 
Complications: 

Oedema (48 hours post-LITT) “nearly all patients”/10 
Temporary neurological deficits 2/10 
Major Complications 
Neutropenia 1/10 
Cerebral cyst 1/10 
Brain abscess 1/10 
Dysphasia 1/10 
Partial seizure 1/10 
Postoperative wound infection 1/10 
Hemiparesis 1/10 
Haematoma 2/10 
Glioma 1/10 
Vascular pseudoaneurysm rupture 1/10 
Pulmonary embolism 1/10 
Deep vein thrombosis 2/10 
Longer-term major complications 
White matter tract injury 1/10 
Intracerebral hemorrhage 1/10 
Epicranial gliosarcoma probe entry site 1/10 
Author’s Conclusions: 

“MRT-guided LITT is an emerging therapeutic technique for patients in cases where surgical 
resection of an intracranial neoplasm is not possible. At present, the effectiveness of MRT-
guided LITT is unknown. Consequently, the small body of evidence cannot be used to make 
an informed decision regarding the use of MRT-guided LITT.” (pp. 12) 
 
“Collectively, the literature suggests MRT-guided LITT is fairly well tolerated among patients 
and that unless immediate complications occur, patients can be safely discharged within 24 to 
48 hours.” 
ASERNIPS=Australian Safety and Efficacy Register of New Interventional Procedures - 
Surgical; COI=conflict of interest; GBM=glioblastoma multiform; HTA=health technology 
assessment; KPS=Karnofsky performance status; LITT=laser interstitial thermal therapy; 
LOS=length of hospital stay; MRT=magnetic resonance thermometry; PRISMA=Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses; RCT=randomized controlled 
trial; rGBM=recurrent glioblastoma multiform; SR=systematic review; 
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Table A4.2: Summary of Findings from Non-Randomized Studies 

Prospective Cohort Controlled Studies 

Waseem et al., 20159 
Main Findings: 
Clinical Effectiveness: 

 AMTL MRgLITT 
Surgery time (mean hours (range))* 4.2 (3.6, 4.8) 2.9 (1.2, 3.8) 
LOS (mean days (range))* 2.6 (2, 3) 1.6 (1, 3) 
Pain control requirement (mean (range))* 
- IV morphine equivalent (mg/day) 29.6 (11.7, 63.8) 12.9 (4.6, 25) 
 
Engel class outcome n = 7 n = 5 
- I 7  4 
- II 0  1 
- III 0  0 
- IV 0  0 
 
Total hospitalization charges (mean (range))* 
 - USD$ 98 471 (86 594, 122 199) 119 759 (99 303, 140 586) 
OR charges (mean (range))* 
- USD$ 63 991 (55 255, 76 716) 89 759 (79 184, 106 687) 
Follow-up time (mean years (range)) 1.8 (1.4, 2.3) 1.0 (1.0, 1.3) 
* (p < 0.05) 
 
Neuropsychological performance mean T-score change ± SD 
Wechsler Adult Intelligence Scale 
MRgLITT -3.25 ± 11.81 
AMTL resection 0.00 ± 4.32 
RAVLT immediate delay 
MRgLITT -1.00 ± 19.18 
AMTL resection -0.33 ± 3.51 
RAVLT 30 minute delay 
MRgLITT 5.00 ± 16.84 
AMTL resection 0.5 ± 2.78 
WMS-IV LM I 
MRgLITT -1.25 ± 10.53 
AMTL resection -0.75 ± 7.89 
WMS-IV LM II 
MRgLITT 2.87 ± 1.44 
AMTL resection 8.85 ± 4.42 
BNT 
MRgLITT -6.50 ± 11.45 
AMTL resection 0.75 ± 6.95 
FAS letter fluency 
MRgLITT -5.25 ± 4.27 
AMTL resection -2.50 ± 8.06 
Animals category fluency 
MRgLITT -5.50 ± 8.54 
AMTL resection  0.25 ± 11.90 
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Table A4.2: Summary of Findings from Non-Randomized Studies 

ROCF Test 30 minute delay 
MRgLITT 2.00 ± 2.65 
AMTL resection -2.00 ± 4.00 
No statistically significant differences were observed in any neuropsychological performance 
measures. 
 
Complications: 

Assessed for 30 days following surgery 
 AMTL MRgLITT 
Aseptic meningitis 1/7 0/7 
Partial visual field deficit 0/7 2/7 
Postoperative seizure 0/7 1/7 
Author’s Conclusions: 

“Short-term follow-up suggests that MRgLITT is safe and provides outcomes comparable to 
AMTL resection in this population. It also decreases pain medication requirement and 
reduces LOS. Further studies are necessary to assess the long-term efficacy of the 
procedure.” (pp. 152) 
 
“A randomized controlled trial will likely be required to provide better class of evidence of 
safety and efficacy of MRgLITT in this patient population.” (pp. 156) 

Drane et al., 2015
10

 
Main Findings: 

BNT Common Objects (percent change ± SD) 
Dominant TL- Open Resection* -23.6 ± 17.6 
Dominant TL- SLAH 8.6 ± 25.7 
Nondominant TL- Open Resection 1.9 ± 4.8 
Nondominant TL- SLAH 3.2 ± 3.7 
 
Famous Face Naming (percent change ± SD) 
Dominant TL- Open Resection* -28.3 ± 30.5 
Dominant TL- SLAH 9.4 ± 12.5 
Nondominant TL- Open Resection 1.4 ± 8.1 
Nondominant TL- SLAH 7.6 ± 12.6 
 
Famous Face Recognition (percent change ± SD) 
Dominant TL- Open Resection 0.5 ± 13.2 
Dominant TL- SLAH 4.2 ± 5.5 
Nondominant TL- Open Resection* -9.0 ± 16.5 
Nondominant TL- SLAH 5.0 ± 4.9 
* (p < 0.0001) 
** (p < 0.001) 
 
Seizure Outcome (Engel at 6 months) I II III IV 
Dominant TL- Open Resection 11 5 3 3 
Dominant TL- SLAH 7 1 2 0 
Nondominant TL- Open Resection 13 2 2 0 
Nondominant TL- SLAH 4 0 2 3 
No statistically significant differences 
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Table A4.2: Summary of Findings from Non-Randomized Studies 
Author’s Conclusions: 

“Preliminary results suggest … naming and recognition functions can be spared in TLE 
patients undergoing SLAH” (pp. 2) 
 
“Our initial experience with SLAH suggests that it is a promising surgical approach that 
appears to minimize aspects of the cognitive morbidity associated with open surgical 
resection.” (pp. 12) 
 
“Future research with larger cohorts of patients is required to definitively determine the 
relative cognitive impact of SLAH to open resection.” (pp. 12) 
 
The absence of co-variation between seizure freedom and task performance suggests that 
task performance differences are not a result of differential ablation of medial TL volume. (pp. 
9) 
AMTL=anterior mesial temporal lobe; BNT=Boston Naming Test; LOS=length of hospital 
stay; MRgLITT=magnetic resonance-guided laser interstitial thermal therapy; RAVLT=Rey 
Auditory and Verbal Learning Test; ROCF=Rey-Osterrieth Complex Figure; SD=standard 
deviation; SLAH=stereotactic laser amygdalohippocampotomy; TL=temporal lobe; WMS-IV 
LM I=Wechsler Memory Scale, 4th Edition, logical memory I; WMS-IV LM II=Wechsler 

Memory Scale, 4th Edition, logical memory II 

 
 
 


