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 Introduction

 History

Laser interstitial thermal therapy (LITT) is a min-
imally invasive operative technique that delivers 
ablation under magnetic resonance imaging 
(MRI) guidance. The principle of LITT is derived 
from animal experiments in the 1960s describing 
the ablation of melanomas and sarcomas using a 
neodymium laser [1]. These earliest observations 
sparked clinical trials that demonstrated potential 
for the technique; however, contemporaneous 
limitations in laser delivery systems and techni-
cal difficulties in operation contributed to the 
arrest of further development as a therapeutic 
alternative. In 1983, almost two decades after the 
original animal models, Bown et al. described the 
factors influencing the interaction of laser light 
with living tissue based on tissue models and the 
utilities of three laser varieties: CO2, argon, and 
neodymium-doped yttrium aluminum garnet 
(Nd:YAG) [2]. Specifically, the authors found 
that Nd:YAG and argon lasers had greater foci 

destruction potential with minimal collateral 
damage to surrounding tissue. These results pre-
cipitated new efforts in the development of laser 
ablation therapy in the subsequent decades lead-
ing to data on the effects of various light wave-
lengths and optic fiber probe tips on surrounding 
neural tissue [3, 4]. However, it was not until 
1995 with the advent of magnetic resonance 
(MR) thermography, that the potential applica-
tions of LITT therapy were further examined as 
real-time imaging guidance became a reality [5]. 
Since that time, studies have shown promise for 
LITT in the management of a wide range of sur-
gical disorders.

In the earliest stages of LITT experimentation, 
ablation was delivered to skin surface tumors by 
glass fibers, though Bown and colleagues did 
describe the potential benefit of flexible fiber 
transmission for interstitial delivery with 
Nd:YAG lasers [2]. However, a limiting element 
that prevented large-scale utilization and investi-
gation was the poor method of estimation of the 
thermal damage zone, conventionally done by 
postoperative imaging, which made LITT too 
risky for use in eloquent regions [6]. The modern 
development of durable optic fibers for treatment 
delivery and stereotactic guidance has increased 
precision in the placement of the treatment probe 
[5]. In addition, MR thermometry is critical to the 
viability of LITT as real-time monitoring of tem-
perature and tissue damage allows for optimiza-
tion of ablation temperatures to the region of 
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interest while minimizing collateral damage to 
nearby tissue [7]. The combination of better laser 
delivery systems, stereotactic techniques, and 
real-time MR thermometry have manifested a 
new era of clinical research. This chapter will 
describe the operative technique for LITT as well 
as the current evidence for the management of 
cerebral metastases and radiation necrosis.

 LITT Mechanism

The therapeutic benefits of LITT rely on the 
components of high-intensity electromagnetic 
radiation (EMR), light power density, wave-
length, exposure duration, and exposure method 
(surface vs. interstitial) [4]. Tissue properties, 
such as water and hemoglobin content, affect 
the absorption of laser light and contribute to 
the vulnerability of various lesions to LITT [8]. 
In addition, optical properties of various intra-
cranial structures, such as the absorption coef-
ficients, scattering coefficients, and anisotropy 
factors contribute to laser penetration [9]. The 
earliest experiments investigating LITT pri-
marily utilized surface exposure, whereas mod-
ern interstitial exposure delivers LITT directly 
to the center of the target lesion, minimizing 
damage to the surrounding tissue. Thermal 
damage is the primary mechanism of destruc-
tion resulting in enzyme induction, coagulation 
necrosis, protein denaturation, and vessel scle-
rosis [10–12]. Histologically, edema, neuronal 
swelling, and cell membrane disruption can be 
seen and contribute to LITT- induced tissue 
necrosis [13]. Three tissue zones have been 
described surrounding the LITT probe. The 
first zone nearest the probe undergoes coagula-
tion necrosis, the second zone contains some 
tissue necrosis as well as edema, and the third 
zone contains injured cells with an intact abil-
ity to undergo repair [13]. These zones are 
demarcated particularly well on T1-weighted 
magnetic resonance imaging (MRI), though 
the probe tract is best seen on T2-weighted 
images [14].

 Types of Lasers and Probes

Currently, two lasers are predominately used for 
LITT: continuous wave Nd:YAG, first described 
by Bown et  al., and diode lasers [2, 15]. With 
wavelengths within the infrared spectrum 
(between 1000 and 1100  nm), Nd:YAG lasers 
have the highest penetration potential and are 
indicated for highly vascularized soft tissues 
[16]. On the other hand, diode lasers have the 
ability to deliver energy more rapidly, ablating 
lesions in less time due to a higher water absorp-
tion coefficient [15, 17]. LITT delivery relies on 
optic fibers composed of either quartz or sap-
phire, with the terminal probe composed of a 
heat-resistant flexible material that does not 
absorb light between 200 and 2000 nm. In addi-
tion, the recent development of fluid and gas 
cooling systems for LITT probes have decreased 
probe adherence to ablated tissues, improving 
reliability and control [17].

 Current LITT Applications

For the management of neurosurgical disorders, 
LITT probes are often combined with stereotac-
tic navigation, making it suitable for the ablation 
of deep-seated, otherwise inaccessible, lesions. 
Additionally, LITT has served as an alternative 
for the management of radioresistant tumors and 
ablation for epileptogenic foci in adults and chil-
dren [18, 19]. LITT has also been used for the 
treatment of deep-seated tumors in particular 
with some success [16].

 Commercially Available Delivery 
Systems

Two systems for LITT delivery are currently 
commercially available: the NeuroBlate System 
(Monteris Medical, Inc., Winnipeg, Manitoba, 
Canada) and the Visualase Thermal Therapy 
System (Medtronic Inc., Minneapolis, MN, 
USA) (Table 32.1). NeuroBlate uses an Nd:YAG 
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laser delivered by optical fiber. The probe tips are 
available in 3.2 mm and 2.1 mm diameters and 
are cooled by a CO2-gas system [19]. Monteris 
has developed the M-Vision software for real- 
time stereotactic guidance which allows the user 
to define the target region, map probe trajectory, 
and monitor temperature changes in the ablated 
tissue. Within this software suite, the extent of 
ablation is represented by thermal-damage- 
threshold (TDT) lines based on the Arrhenius 
rate process model [7]. Specifically, this model 
establishes a first-order relationship between 
temperature, time, and cell injury and is used to 
predict thermal tissue damage [20]. Accordingly, 
increased time or temperature will result in a 
greater extent of tissue ablation.

Within the M-Vision suite, the TDT lines 
derived from the Arrhenius equation are color- 

coordinated yellow, blue, and white corre-
sponding with the previously described zonal 
architecture of tissue following laser hyperther-
mia [21]. Tissue demarcated by the white TDT 
line represents tissue heated to 43  °C for 
60  minutes and has undergone coagulative 
necrosis (Fig. 32.1a). The blue line demarcates 
tissue that has sustained severe damage from 
10  minutes at 43  °C (Fig.  32.1b). The yellow 
line represents transient tissue injury with 
2  minutes at 43  °C while tissue beyond this 
margin is assumed undamaged (Fig.  32.1c). 
The NeuroBlate system also employs a robotic 
arm and side-fire probe that enables remote 
changes to the directionality of the ablation tip 
intraoperatively.

The Visualase system employs a 980 nm diode 
laser instead of Nd:YAG for lesion ablation [22]. 
The probe tip is cooled by circulating sterile, 
room temperature saline in the closed system. The 
location of the LITT probe is superimposed upon 
a preoperative MRI in the Visualase software suite 
workstation allowing for real-time guidance and 
measurement of thermographic feedback. Though 
this system does not utilize the TDT line system 
favored by the NeuroBlate system, it produces 
unique, color-coded images to delineate thresh-
olds of thermal damage based on the same 
Arrhenius model [7]. An additional feature of the 
Visualase system is an automatic “trip- switch” 
that deactivates the laser if the temperature sur-
passes a predesignated threshold at “safety points” 
set by the user based on the preoperative MRI.

Table 32.1 Comparison between the NeuroBlate and 
Visualase systems

NeuroBlate Visualase
Integrated platform Cart-based platform
DICOM image co-registration
3D outline of thermal therapy 
zone and critical structures

2D only

Dedicated head fixation 3rd party fixation
Software actuated laser rotation 
and depth control

Manual laser probe 
manipulation

Choice of 2 gas-cooled probes: 
directional or diffusing

Liquid-cooled, 
diffusing

Multi-slice/multi-plane thermal 
monitoring

Single-slice/
single-plane

3D display of thermal dose 
contours

2D display of thermal 
dose contours

a b c

Fig. 32.1 The white thermal damage threshold (TDT) 
line (a) delineates the area of tissue ablated at 43 °C for 
60 minutes, the blue TDT line (b) delineates the area of 

tissue ablated at 43  °C for 10  minutes, and the yellow 
TDT line (c) delineates the area of tissue ablated at 43 °C 
for 2 minutes

32 Laser Interstitial Thermal Therapy for Brain Metastases and Radiation Necrosis
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 Operative Technique

 Preoperative Preparation

Patients scheduled to undergo LITT must receive 
volumetric MRI sequences for procedure plan-
ning. Functional MRI (fMRI) with diffusion ten-
sor imaging (DTI) sequences are also 
recommended for patients with lesions adjacent 
to white matter tracts. This additional analysis, 
particularly DTI with tractography, further 
defines the region of interest and allows the sur-
geon to plan a precise trajectory avoiding elo-
quent white matter tracts. The common approach 
to trajectory planning superimposes the potential 
thermal ablation zone on the preoperative MR 
images using a planning software. Then, a trajec-
tory is established avoiding eloquent structures to 
the region of interest, taking into account the 
directionality of the probe tip [23]. If the volume 
of the region of interest is greater than 3 cm, 
more than one trajectory will have to be employed 
as the diameter of thermal ablation is 1.5 cm from 
the probe tip, thus influencing the size of the orig-
inal incision. Alternatively, multiple probe tips 
may be used to ensure adequate tumor ablation.

The procedure itself can take place in an 
intraoperative or diagnostic MRI suite. The 
NeuroBlate system, in particular, is compatible 
with several MRI system manufacturers, includ-
ing IMRIS (Winnipeg, Manitoba, Canada), Tesla 
Siemens (Erlangen, Germany), and GE 
Healthcare (Waukesha, WI, USA). Following 
induction of anesthesia, patients should receive 
10  mg of intravenous corticosteroids and be 
positioned on a stabilization system. NeuroBlate 
utilizes the AtamA system for this purpose which 
employs a head immobilization ring with three 
to four pins, allowing supine, prone, or lateral 
positioning of the patient. After final arrange-
ments are made to ensure stabilization, including 
sufficient reduction of risk for neuropathic and 
vasculopathic complications, sterile fiducials are 
placed on the surgical site and immobilization 
ring (AtamA for the NeuroBlate system) for ste-
reotactic orientation. A preoperative MR image 
is performed with magnetization prepared rapid 

acquisition gradient-echo sequence (MP-RAGE) 
with the results uploaded to the supplemental 
software suite (e.g., M-Vision with NeuroBlate). 
At this stage, the lesion can be defined as well as 
potential trajectories for the LITT probe.

 Operative Procedure: Pre-LITT

Once the patient’s head is registered within the 
stereotactic navigation suite, superimposed upon 
the preoperative MP-RAGE MRI, the surgical 
site can be prepped and draped in sterile fashion 
according to hospital protocol. The interface 
platform can be aligned with the proposed probe 
trajectory to ensure an unopposed entry of the 
probe through the frame and the head immobili-
zation ring. An incision is made with the number 
and trajectory of probes in mind (1 cm for a sin-
gle probe). The interface platform can then be 
mounted to the skull with stereotactic guidance 
and anchored by screws. Alternatively, a small 
(5  mm) burr hole is created with a pneumatic 
drill and the dura opened and dilated. Then, a 
cannulated bolt is placed under image guidance 
using the VarioGuide system by Brainlab 
(Brainlab, Munich, Germany). Based on the 
planned trajectory, a 4.3 mm non-skiving drill bit 
is used to make a single burr hole, through which 
a 4  mm skull bolt is attached to the skull 
(Fig.  32.2a). The pre-measured laser probe is 
then passed through the bolt and anchored 
(Fig.  32.2b–d). This system has significant 
advantages to the previous AxiiS system and 
simplifies the surgical process.

The LITT software suite (e.g., M-Vision) can 
be used to determine the distance of the deepest 
margin of the lesion from the burr hole. This will 
allow the surgeon to select the shortest probe that 
can access the deepest margin of the lesion. The 
probe driver commander is placed into the inter-
face platform with the probe driver follower 
placed into the central bore of the apparatus. The 
probe can now be guided through the mini-frame 
and burr hole following the selection of the depth 
stop based on lesion margin measurements. Once 
the laser probe is seated into the probe driver 
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another MRI of the patient is taken to confirm the 
correct orientation of the probe based on the 
planned trajectory and to guide position re- 
adjustments if necessary.

 Operative Procedure: LITT

With the probe in an acceptable location at start-
ing depth, the MRIs are fused together and the 
probe coordinates superimposed over the planned 
trajectory created within the software suite. 

During treatment, the software suite will display 
coronal and sagittal plane images as well as three 
axial plane images with real-time feedback of the 
probe location. Once the probe is inserted to the 
desired depth within the lesion, corresponding to 
the fused MRIs, the thermography sequences can 
begin. Depending on the type of probe and deliv-
ery system used, the direction of laser fire may 
require selection at this point that will best be 
contained within the margins of the lesion. Eight 
cycles, every eight seconds, of scanning for tem-
perature reference points must be done prior to 

a

c d

b

Fig. 32.2 Images of LITT procedure at M.D. Anderson 
Cancer Center. A cannulated bolt is placed in the patient’s 
skull (a) followed by placement of the LITT probe (b) 
through the bolt. The patient is then placed in the intraop-

erative MRI scanner with the delivery probe in place (c) 
and a pre-ablation T1-weighted MRI is obtained confirm-
ing correct placement of the probe (d)
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laser activation followed by cooling of the probe. 
The operator activates a switch on the software 
suite screen which arms the foot switch for laser 
activation. Total treatment time correlates with 
tumor size, number of trajectories, and type of 
laser (e.g., diode lasers have shorter ablation 
times) as well as tissue hydration, directionality 
of the probe tip, and proximity to eloquent cortex 
or white matter tracts [7].

 Operative Procedure: Post-LITT

The protocol followed at M.D. Anderson Cancer 
Center calls for a final MRI before withdrawing 
the probe following ablation sequences along all 
trajectories, at which point the probe driver and 
interface platform are removed. The skull bolt is 
removed using a hex tool and the wound is irri-
gated followed by hemostasis, then the skin is 
closed with a single suture and dressed. Following 
arousal from anesthesia, a neurological exam is 
performed on the patient to determine any 
changes from the preoperative condition. On 
postoperative day one, an MRI is recommended 
to evaluate residual tumor volume and extent of 
ablation (Fig.  32.3). For uncomplicated cases, 
hospital stay is typically one day from the time of 
operation. The taper of corticosteroids can be 
based on the extent of postoperative edema at the 
surgeon’s discretion.

 LITT for Brain Metastases

 Background

Brain metastases occur in 10–20% of adults with 
underlying malignancy and are estimated to be 
ten times more prevalent than primary intracra-
nial tumors [24]. Conventional treatment modali-
ties include surgical resection, whole brain 
radiotherapy (WBRT) and stereotactic radiosur-
gery (SRS), or a combination of these. Treatment 
of choice should be individualized according to 
clinical (age, Karnofsky Performance Scale 
[KPS] score, primary tumor control, extracranial 
metastases), pathological (primary tumor histol-
ogy), and radiological aspects (number of brain 
metastasis, functional location, deep-seated 
lesions, etc.) [25]. Patient preference and esti-
mated quality of life resulting from treatment in 
the setting of terminal metastatic disease should 
also be considered; the optimal therapeutic 
approach must balance risks and benefits as well 
as patient particularities. Rapidly improving sys-
temic therapies have prolonged the survival of 
cancer patients subsequently increasing the inci-
dence of brain metastases, yet the poor penetra-
tion of the blood–brain barrier by most of these 
agents contributes to limited efficacy [26]. While 
an increasing amount of basic and clinical 
research has made progress in delineating the 
genetics, tumor microenvironment, mechanisms 

Fig. 32.3 T1-weighted post-contrast MR images showing a metastatic lesion preceding LITT (a), immediately after 
LITT (b), and at one-month follow-up (c)
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of leptomeningeal spread, and effects on neuro-
cognition, local treatment with surgical resection, 
SRS, WBRT, either alone or in combination 
remains the cornerstone of therapy for patients 
with brain metastases. Since the introduction of 
LITT, several case reports and case series have 
been published, describing the efficacy of this 
technique for the management of brain metasta-
ses (Table 32.2).

 Current Evidence

In 2008, Carpentier and colleagues published 
pilot results of the first phase I study utilizing 
MR-guided LITT for the management of patients 
with cerebral metastases [22]. The patient cohort 
primarily consisted of four patients with unre-
sectable  intracranial  metastases  refractory to 
multiple treatments (chemotherapy, WBRT, and 
SRS). The authors utilized the Visualase system 
and reported positive results; all patients toler-
ated the procedure well and were discharged 
within 14 hours postoperatively. All lesions were 
observed to increase in volume at immediate 
follow- up, followed by a gradual decrease in 
size. No lesion recurrences occurred at any point 
during the 7, 15, 30, or 180-day follow-ups. The 
authors concluded LITT to be a safe, effective 
treatment for focal metastatic disease [22]. 
Carpentier again investigated the feasibility of 
the Visualase system in a cohort of seven 
patients, reporting similar results, with a median 
overall survival of 19.8 months [27].

Hawasli et  al. provided additional evidence 
for LITT in a 2013 prospective study of 17 
patients, 5 of which had cerebral metastases [28]. 
The authors reported an initial increase in lesion 
size at follow-up with subsequent steady volume 
decrease. The pooled analysis of LITT for pri-
mary brain tumors and metastases reduces the 
reliability of this data for guiding LITT for brain 
metastases, specifically. However, the authors 
concluded LITT to be a viable treatment option 
for cerebral metastases in selected patients. 
Fabiano et  al. reported different findings in a 
series of two patients with cerebral metastases 

who received LITT [29]. In both patients, LITT 
was utilized for the management of recurrent 
metastases and in both cases the tumor returned 
and required additional resection. Although these 
results  were suboptimal, the authors noted that 
failure reporting for LITT is required to properly 
define the utility of this procedure.

In 2016, Ali et al. reported on the first multi-
center study of the treatment of LITT for post- 
SRS recurrent cerebral metastases in a cohort of 
23 patients with 26 total lesions ranging in vol-
ume from 0.4 to 28.9 cm3 [30]. Disease control 
was obtained in 17 cases while 9 lesions (35%) 
showed disease progression after LITT. Notably, 
this only occurred in lesions that received <80% 
ablation. The authors concluded that LITT can be 
considered an effective treatment when tumor 
ablation exceeds 80% but highlighted the impor-
tance of risk evaluation for complications that 
may ensue following treatment of larger lesions 
(defined as >20 cm3).

In 2018, Eichberg and colleagues reported the 
results of a pilot study of LITT for four patients 
with metastatic lesions in the posterior fossa [31]. 
Like previous studies, lesions volumes were ini-
tially increased before gradually decreasing. The 
authors observed no complications and no clini-
cal or radiographic evidence of tumor progres-
sion. They thus concluded LITT to be safe and 
effective for cerebellar metastases. These find-
ings were echoed the same year by Razavi et al. 
in a study of eight patients who underwent LITT 
treatment, three of which had metastatic lesions 
in the posterior fossa [32].

In the largest study on the subject to date, 
Beechar et al. performed a volumetric analysis of 
recurrent lesions managed with LITT following 
SRS [33]. Using T1 post-contrast and T2 fluid- 
attenuated inversion recovery (FLAIR) MRI 
sequences for evaluation of edema, 50 total 
lesions from 36 patients were treated with LITT 
with a significant overall reduction in lesion size. 
However, 37% of lesions demonstrated an upward 
trend overall on follow-up MRI. The authors con-
cluded that pre-treatment tumor  volume plays a 
significant role in determining LITT response, 
with preferable responses in smaller lesions.

32 Laser Interstitial Thermal Therapy for Brain Metastases and Radiation Necrosis



464

Ta
bl

e 
32

.2
 

St
ud

ie
s 

of
 L

IT
T

 f
or

 b
ra

in
 m

et
as

ta
se

s 

A
ut

ho
r

Y
ea

r 
pu

bl
is

he
d

N
o.

 o
f 

pa
tie

nt
s

T
um

or
 

lo
ca

tio
na

Pr
im

ar
y 

hi
st

ol
og

y
L

es
io

n 
di

am
et

er
/v

ol
um

eb  
(c

m
/c

m
3 )

O
ut

co
m

e
C

om
pl

ic
at

io
ns

C
ar

pe
nt

ie
r 

et
 a

l.
20

08
4

Fr
on

ta
l (

1)
Te

m
po

ra
l (

2)
Pa

ri
et

al
 (

2)
O

cc
ip

ita
l (

1)

B
re

as
t (

5)
N

SC
L

C
 (

1)
N

R
Pe

ri
ph

er
al

 r
ec

ur
re

nc
e 

at
 3

 
m

on
th

s 
(3

)
N

on
e

C
ar

pe
nt

ie
r 

et
 a

l.
20

11
7

N
R

B
re

as
tc

N
SL

C
c

R
an

ge
 1

–3
 c

m
M

ed
ia

n 
O

S:
 1

9.
8 

m
on

th
s

M
ea

n 
PF

S:
 3

.8
 m

on
th

s
Pr

ob
e 

m
is

pl
ac

em
en

t (
1)

C
er

eb
el

la
r 

sy
nd

ro
m

e 
(1

)
T

ra
ns

ie
nt

 a
ph

as
ia

 (
1)

Je
th

w
a 

et
 a

l.
20

12
20

Pa
ri

et
al

 (
2)

C
er

eb
el

la
r 

(1
)

Fr
on

ta
l (

1)

N
R

M
ed

ia
n 

7.
0 

cm
3

N
R

N
on

e 
(B

M
 p

at
ie

nt
s)

H
aw

as
li 

et
 a

l.
20

13
17

In
su

la
 (

1)
Fr

on
ta

l (
2)

Pa
ri

et
al

 (
1)

FP
 (

1)

C
ol

on
 (

1)
M

el
an

om
a 

(1
)

SC
L

C
 (

2)
O

va
ri

an
 (

1)

M
ea

n 
11

.6
 c

m
3

M
ed

ia
n 

PF
S:

 5
.8

 m
on

th
s

M
ed

ia
n 

O
S:

 5
.8

 m
on

th
s

T
ra

ns
ie

nt
 a

ph
as

ia
 (

3)
T

ra
ns

ie
nt

 h
em

ip
ar

es
is

 (
3)

T
ra

ns
ie

nt
 h

yp
on

at
re

m
ia

 
(2

)
D

V
T

 (
1)

Fa
ta

l m
en

in
gi

tis
 (

1)
A

li 
et

 a
l.

20
16

23
Fr

on
ta

l (
10

)
Pa

ri
et

al
 (

4)
O

cc
ip

ita
l (

2)
1 

lt 
m

ot
or

 
st

ri
p

In
su

la
r 

(1
)

B
G

 (
2)

C
er

eb
el

la
r 

(1
)

PO
 (

2)
T

ha
la

m
ic

 (
4)

B
re

as
t (

6)
L

un
g 

(6
)

M
el

an
om

a 
(5

)
C

ol
on

 (
2)

O
va

ri
an

 (
1)

B
la

dd
er

 (
1)

E
so

ph
ag

us
 (

1)
Sa

rc
om

a 
(1

)

M
ed

ia
n 

4.
9 

cm
3

R
ec

ur
re

nc
e 

(9
)

L
oc

al
 c

on
tr

ol
 (

17
)

T
ra

ns
ie

nt
 h

em
ip

ar
es

is
 (

3)
H

yd
ro

ce
ph

al
us

 (
1)

M
al

ig
na

nt
 c

er
eb

ra
l e

de
m

a 
(1

)

B
ee

ch
ar

 e
t a

l. 
(b

ot
h 

C
R

N
 

an
d 

B
M

)
20

17
36

N
R

N
SL

C
 (

8)
SC

L
C

 (
2)

B
re

as
t (

8)
E

so
ph

ag
us

 (
1)

SC
C

 (
1)

R
C

C
 (

1)
R

ec
ta

l (
1)

Sa
rc

om
a 

(2
)

M
el

an
om

a 
(1

5)
B

la
dd

er
 (

1)

M
ed

ia
n 

5.
1 

cm
3

↑ 
L

es
io

n 
si

ze
 tr

an
si

en
t 

(1
9)

↑ 
L

es
io

n 
si

ze
 s

us
ta

in
ed

 
(1

4)
↓ 

L
es

io
n 

si
ze

 o
ve

r 
tim

e 
(3

1)

M
ot

or
 d

is
tu

rb
an

ce
 (

9)
G

ai
t d

is
tu

rb
an

ce
 (

8)
V

is
ua

l d
is

tu
rb

an
ce

 (
5)

Se
ns

or
y 

di
st

ur
ba

nc
e 

(2
)

A
ph

as
ia

 (
2)

M
em

or
y 

di
ffi

cu
lty

 (
1)

H
ea

da
ch

e 
(1

)

J. I. Traylor et al.



465

A
ut

ho
r

Y
ea

r 
pu

bl
is

he
d

N
o.

 o
f 

pa
tie

nt
s

T
um

or
 

lo
ca

tio
na

Pr
im

ar
y 

hi
st

ol
og

y
L

es
io

n 
di

am
et

er
/v

ol
um

eb  
(c

m
/c

m
3 )

O
ut

co
m

e
C

om
pl

ic
at

io
ns

E
ic

hb
er

g 
et

 a
l.

20
17

4
C

er
eb

el
la

r 
(4

)
B

re
as

t (
3)

O
va

ri
an

 (
1)

M
ed

ia
n 

3.
4 

cm
3

St
ab

le
 (

4)
N

on
e

C
ha

un
zw

a 
et

 a
l. 

(b
ot

h 
C

R
N

 a
nd

 B
M

)
20

18
30

Fr
on

ta
l (

16
)

Pa
ri

et
al

 (
4)

O
cc

ip
ita

l (
5)

Te
m

po
ra

l (
3)

In
su

la
r 

(1
)

B
G

 (
1)

L
un

g 
(1

6)
M

el
an

om
a 

(5
)

B
re

as
t (

3)
C

ol
on

 (
1)

G
yn

ec
ol

og
ic

al
 

(2
)

R
C

C
 (

1)
O

th
er

 (
2)

M
ed

ia
n 

7.
6 

cm
3

Su
rv

iv
al

 
 6 

m
on

th
s 

(1
5)

 
 12

 m
on

th
s 

(7
)

 
 18

 m
on

th
s 

(4
)

 
 25

 m
on

th
s 

(1
)

 
 30

 m
on

th
s 

(1
)

L
oc

al
 c

on
tr

ol
 

 92
.6

 m
on

th
s 

(9
2.

9%
)

 
 O

ve
ra

ll 
(8

3%
)

In
tr

ao
pe

ra
tiv

e 
H

em
or

rh
ag

e 
(1

3%
)

A
hl

uw
al

ia
 e

t a
l.

20
18

42
Fr

on
ta

l (
41

%
)

Pa
ri

et
al

 (
29

)
C

er
eb

el
la

r 
(1

4%
)

O
th

er
d  (

16
%

)

B
re

as
t (

10
%

)
N

SC
SL

C
 (

50
%

)
SC

L
C

 (
5%

)
M

el
an

om
a 

(1
0%

)
O

th
er

d  (
25

%
)

M
ea

n 
7.

1 
cm

3
Su

rv
iv

al
 

 12
 w

ee
ks

 (
71

%
)

 
 26

 w
ee

ks
 (

64
.5

%
)

Po
st

op
C

om
pl

ic
at

io
ns

 (
5%

)
In

tr
ac

er
eb

ra
l h

em
or

rh
ag

e 
(5

%
)

W
ea

kn
es

s 
(5

%
)

H
er

na
nd

ez
 e

t a
l.

20
18

45
N

R
N

SC
L

C
 (

31
)

B
re

as
t (

17
)

C
ol

on
 (

2)
R

C
C

 (
2)

M
el

an
om

a 
(3

)
Te

st
ic

ul
ar

 (
2)

C
er

vi
ca

l (
1)

SC
L

C
 (

1)

M
ea

n 
3.

4 
cm

3
L

oc
al

 c
on

tr
ol

 (
83

.1
%

)
R

ec
ur

re
nc

e 
(1

0)
C

om
pl

ic
at

io
ns

 (
25

%
)

R
az

av
i e

t a
l.

20
18

8
C

er
eb

el
la

r 
(3

)
C

ol
on

 (
2)

N
SC

L
C

 (
1)

M
ed

ia
n 

5.
4 

cm
3

R
ec

ur
re

nc
e 

at
 7

.5
 m

on
th

s 
(1

)
St

ab
le

 (
2)

C
N

 6
 p

al
sy

 (
1)

N
R

 n
ot

 r
ep

or
te

d,
 M

I 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 P
E

 p
ul

m
on

ar
y 

em
bo

lu
s,

 F
P

 f
ro

nt
op

ar
ie

ta
l, 

C
C

 c
or

pu
s 

ca
llo

su
m

, B
G

 b
as

al
 g

an
gl

ia
, P

V
 p

er
iv

en
tr

ic
ul

ar
, T

P
 te

m
po

ro
pa

ri
et

al
, F

T
 f

ro
n-

to
te

m
po

ra
l, 

N
SC

L
C

 n
on

-s
m

al
l c

el
l l

un
g 

ca
nc

er
, S

C
L

C
 s

m
al

l c
el

l l
un

g 
ca

nc
er

, R
C

C
 r

en
al

 c
el

l c
ar

ci
no

m
a,

 S
C

C
 s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a,
 P

ts
 p

at
ie

nt
s,

 O
S 

ov
er

al
l s

ur
vi

va
l, 

P
F

S 
pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l, 

C
N

 c
ra

ni
al

 n
er

ve
a S

om
e 

pa
tie

nt
s 

ha
ve

 m
or

e 
th

an
 o

ne
 tu

m
or

b A
rt

ic
le

s 
va

ry
 in

 d
es

cr
ib

in
g 

le
si

on
 d

ia
m

et
er

 o
r 

vo
lu

m
e

c N
um

be
r 

no
t r

ec
or

de
d

d O
cc

ip
ita

l l
ob

e,
 te

m
po

ra
l l

ob
e,

 th
al

am
us

, a
nd

 o
th

er
 d

ee
p 

nu
cl

ei

32 Laser Interstitial Thermal Therapy for Brain Metastases and Radiation Necrosis



466

Ahluwalia et al. reported on the results of the 
first multicenter phase II trial of LITT for patients 
with radiographic progression after SRS for 
intracranial metastases as part of the Laser 
Ablation After Stereotactic Radiosurgery clinical 
trial (LAASR study, NCT01651078) [34]. Of 42 
patients enrolled in the trial, 20 were confirmed 
to have a recurrence of intracranial metastases. In 
addition to being well powered, this study was 
significant in addressing the diagnostic and man-
agement conundrum of lesion recurrence follow-
ing SRS and the authors reported improved short 
term overall and progression-free survival in 
patients with radiation necrosis compared to 
cerebral metastases treated with LITT. Ultimately, 
this trial provided evidence for LITT manage-
ment with resultant stabilization of KPS, cogni-
tion, and quality-of-life (QOL) as well as a 
reduction in steroid use.

In light of the previously described diagnostic 
and management conundrum associated with 
post-SRS lesion recurrence, Hernandez et al. pro-
posed the radiographic definition of progressive 
enhancing inflammatory reactions for unknown 
lesions following SRS based on their results of a 
retrospective study of 59 patients with 74 total 
lesions [35]. Given the demonstrated efficacy and 
safety reported on LITT for both conditions, the 
authors argue that careful discrimination between 
these two conditions is unnecessary as good local 
control was achieved for the ambiguous lesions 
in a majority of the patients.

 Recommendations

The current body of work describing the safety 
and efficacy of LITT for cerebral metastases 
which have failed radiotherapy is still in the 
early stages. The case series and small clinical 
trials have provided pilot data to evidence the 
utility of this therapy while noting some associ-
ated phenomena such as the initial increase in 
lesion size before gradual volume reduction. 
Though Beechar et  al. found better LITT 
response in smaller metastatic tumors, the 
results of other studies describing positive 
results with different lesion sizes potentially 

illustrate a role for this therapy in the manage-
ment of metastases not amenable to SRS, 
namely, those >3 cm in size [33].

We stress the need for prospective collection 
of QOL and cognition data in future studies to 
provide evidence for the role of this novel thera-
peutic in allowing terminally ill patients to retain 
QOL after salvage treatment. It has been reported 
that when total ablation can be performed, KPS, 
cognitive status, and QOL can be preserved but 
additional prospective studies are needed to con-
firm these observations [34]. Complications asso-
ciated with LITT are significantly less when 
compared to open cranial procedures and thus 
acceptable in this patient population but can be 
associated with increased length of hospital stay.

 LITT for Radiation Necrosis

 Background

Cerebral radiation necrosis (CRN) is a known 
consequence of brain tumor management, affect-
ing between 3% and 24% of patients receiving 
cranial radiotherapy [14, 36]. The pathophysiol-
ogy of CRN is not fully understood, although a 
few theories have been reported in the literature. 
One of the most accepted of these states that 
CRN is driven by vascular endothelial damage 
leading to coagulation necrosis and reactive glio-
sis in response to severe hypoxic insults by high 
cumulative doses of radiation [37]. This is sup-
ported by the thickening of the endothelium and 
lymphocytic infiltration seen on histopathology 
as well as the positive outcomes for CRN patients 
associated with bevacizumab, an inhibitor of 
angiogenesis [38]. A second hypothesis suggests 
that acute phase reactant cytokines in response to 
radiation therapy may drive immune-mediated 
damage to surrounding tissue that subsequently 
precipitates inflammation, gliosis, and vasogenic 
edema [39]. Though the exact molecular mecha-
nism is not yet fully described, researchers and 
clinicians alike postulate that disruption of the 
blood–brain barrier ultimately defines the patho-
genesis [40]. Thus, a better understanding of the 
molecular processes that contribute to this dis-
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ease process can guide the development of more 
targeted therapies for treatment and prevention.

The gold standard for diagnosis of CRN is 
biopsy, though MRI has limited diagnostic value 
[41]. There are often difficulties in distinguish-
ing between CRN and other pathologic pro-
cesses on MRI, although some radiologic 
techniques have been described [42]. CRN can 
usually be managed conservatively with cortico-
steroids for associated edema followed by vari-
ous experimental drugs if symptoms persist. Of 
these, bevacizumab has been reported to have 
some benefit, and anticoagulant/antiplatelet 
medications have been shown to improve out-
comes in some patients based on the ability to 
interfere with attributable underlying vascular 
changes [43–48]. In addition, hyperbaric oxygen 
has been shown to have some efficacy in the 
management of these patients [49]. With conser-
vative therapy, however, a subset of patients will 
either fail to improve or experience progression 
of CRN, requiring a more aggressive manage-
ment strategy. Recently, case reports and patient 
series have illuminated a possible role for LITT 
in cases of CRN refractory to rehabilitation and 
pharmacotherapy (Table 32.3).

Rahmathulla and colleagues were the first to 
describe LITT for the management of CRN in a 
2012 case report [50]. Following SRS for man-
agement of multiple brain metastases, a CRN 
lesion was observed in the left centrum semiovale 
with worsening edema refractory to high-dose 
glucocorticoid therapy. The authors performed 
LITT as the location of the lesion was not ame-
nable to resection which resulted in a successful 
reduction in size at 7-week follow-up. The 
authors concluded that LITT is an option for 
patients with refractory CRN not amenable to 
surgical decompression [50].

One year later, Torres et  al. reported on the 
results of six patients who underwent SRS for 
brain metastasis and were discovered to have 
lesion regrowth, later confirmed to be CRN on 
biopsy [51]. LITT was performed to prevent fur-
ther progression of neurologic symptoms and 
edema. Four out of six patients treated with LITT 
had an improvement of neurologic symptoms. 
One patient died as a result of the progression of 

underlying malignancy and another patient 
required an additional craniotomy for lesion 
regrowth. No complications occurred during the 
procedure and the authors concluded that LITT is 
a feasible alternative for the treatment of lesion 
“regrowth” following SRS.  It is important to 
note, however, that stereotactic biopsy has an 
intrinsic sample bias and refractory cases consid-
ered to be CRN may in fact correspond to tumor 
progression within this setting.

In 2014, Fabiano and colleagues reported 
on  the case of a man who received SRS for a 
brain metastasis from lung adenocarcinoma. 
However, despite medical management, the 
lesion continued to progress on imaging. A deci-
sion for LITT was made based on the deep-
seated location of the lesion and resulted in a 
marked improvement in symptoms. Despite 
being described as CRN, no biopsy was per-
formed to confirm the diagnosis; though it is 
plausible the lesion represented tumor recur-
rence. Although it is unclear whether CRN was 
the target of LITT in this case, the positive out-
come of the patient provides evidence, albeit 
marginal, for the management of ambiguous 
lesions in deep-seated loci.

The same year, Rao et al. published the results 
of a cohort study investigating the utility of LITT 
for either tumor recurrence or CRN after SRS 
[52]. In this retrospective cohort study, 16 patients 
received SRS for metastatic intracranial tumors 
with new onset of symptoms and MRI findings 
consistent with either tumor recurrence or 
CRN. These patients then received LITT for the 
management of these ambiguous recurrent 
lesions (either tumor recurrence and/or CRN). Of 
the 15 patients with reliable follow-up, two expe-
rienced lesion recurrence again at 6 and 18 weeks, 
respectively. Five patients died of extracranial 
disease progression and one died of intracranial 
disease progression at a different locus. The 
authors concluded that LITT is a well-tolerated 
procedure that may be effective in treating tumor 
recurrence and/or CRN.  This study provides 
additional evidence for the utility of LITT in 
managing CRN, though it again highlights the 
diagnostic conundrum of these lesions following 
SRS.
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Smith and colleagues demonstrated the out-
comes of LITT for biopsy-proven CRN in a cohort 
of 25 patients [53]. In this retrospective study, 
patients treated for primary and metastatic brain 
tumors received LITT following stereotactic nee-
dle biopsy of recurrent lesions confirming CRN. No 
complications occurred during the procedure and 
overall survival and progression-free survival were 
comparable to standard craniotomy and resection.

The previously discussed phase II trial pub-
lished by Ahluwalia et  al. in 2018 was the first 
study of its kind and magnitude investigating 
LITT for metastases and biopsy-proven radiation 
necrosis [34]. Of 42 patients enrolled in the trial, 
19 had biopsy-confirmed CRN treated with 
LITT.  In this study, the authors compared out-
comes of LITT for CRN and cerebral metastases 
and found longer progression-free and overall 

Table 32.3 Studies of LITT for cerebral radiation necrosis

Author
Year 
published

No. of 
patients 
(CRN) Tumor locationa

Lesion 
diameter/
volumeb 
(cm/cm3) Outcome Complications

Rahmathulla 
et al.

2012 1 Motor cortex 2 cm or 
5.4 cm3

↓ Lesion size and 
edema, ↓ steroid 
requirement

None

Torres- 
Reveron 
et al.

2013 6 Frontal (3), 
Cerebellum (2), 
Parieto-occipital (1)

0.68–
3.03 cm

↑ Lesion size at 
2 weeks to 3 months, 
then ↓ lesion size 
4.5–6 months

NR

Fabiano 
et al.

2014 1 Frontal 1.8 cm ↓ Volume at 10 weeks NR

Rao et al. 2014 15 Frontal (6), 
Cerebellar (6), 
Cerebellar peduncle 
(1), Temporal (1), 
Parietal (1)

0.46–
25.45 cm3

↑ Lesion size at 
24 hrs (12) ↓ lesion 
size at 24 hrs (2), 
lesion volume ≤ 10% 
pre-treatment at 
16–44 weeks (7)

New-onset 
transient left-sided 
weaknessc (1)

Smith et al. 2016 25 Frontal (11), 
Cerebellum (1) 
Temporal (5), 
Parietal (2), 
Thalamus (1), 
Occipital (1), PV 
(1), TP (1), FT (1), 
CC (3), FP (2)

NR Transient weakness 
(2), permanent 
weakness (1), 
steroid 
complication (1)

Ahulwalia 
et al.

2018 19 NR 0.4–
13.2 cm3

Stabilized KPS, 
preserved QOL
↓ Steroid requirement

Complete 
hemiparesis (1), 
headache (1), 
hemineglect and 
weakness (1)

Rammo et al. 2018 10 Frontal (4), 
Temporal (2) 
Parietal (2), Frontal 
thalamic (1), 
Frontal medial (1)

1.62 cm3 
(mean)

↑ Lesion size at 
1–2 weeks, ↓ lesion 
size at 6 months

Intractable 
seizuresd (1), PE 
(1), MI (1) 
Transient delayed 
neurologic deficit 
(3)

NR not reported, MI myocardial infarction, PE pulmonary embolus, FP frontoparietal, CC corpus callosum, PV peri-
ventricular, TP temporoparietal, FT frontotemporal
aSome patients have more than one tumor
bArticles vary in describing lesion diameter or volume
cPatient has residual left-hand weakness
dPatient had preceding seizure disorder worsened by LITT
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survival rates at 12-week follow-up for patients 
with CRN, although this difference was not statis-
tically significant at 26  weeks. In this subset, 
LITT stabilized the KPS score, preserved QOL 
and cognition, and had a steroid-sparing effect. 
The authors concluded that LITT is a low-risk 
procedure for patients with few alternative options 
for salvage treatment that can minimize cognitive 
decline, stabilize QOL and functional status, and 
allow cessation of steroids in some cases.

Rammo et  al. reported on the most recent 
study of LITT for CRN to date [54]. Ten patients 
with biopsy-proven CRN were retrospectively 
reviewed to assess the outcome. Four patients 
had neurologic deficits which resolved in three. 
The authors concluded LITT to be a relatively 
safe treatment for CRN with the added benefit of 
being both diagnostic and therapeutic. Like the 
previous study, Rammo and colleagues provide 
additional evidence for LITT management of 
biopsy-proven CRN.

 Recommendations

Since the original case report described by 
Rahmathulla et al., LITT has been used as a sal-
vage therapy for deep-seated lesions otherwise 
inaccessible by conventional resection tech-
niques [50]. A number of small case series of 
patients with recurrent lesions after SRS without 
biopsy- proven CRN were published with good 
local control. These studies concluded that LITT 
is a safe and effective therapy for recurrence fol-
lowing SRS.

For patients with medically refractory CRN, 
LITT offers a number of advantages in compari-
son with traditional resection techniques. 
Namely, the procedure itself is less invasive than 
conventional craniotomy. In addition, patients 
can resume their chemotherapy regimens soon 
after LITT as there is a theoretical advantage to 
the disruption of the blood–brain barrier by the 
procedure. Although multicenter prospective 
studies are needed before detailed guidelines for 
the management of refractory CRN are devel-
oped, LITT has been shown to be an effective 
treatment for these patients.

 Conclusion

LITT is a minimally invasive ablation technique 
which has recently seen a surge in research inves-
tigations and clinical applications for the treat-
ment of radiation necrosis and cerebral 
metastases. The role of LITT in neurosurgical 
oncology is evolving and well-powered, prospec-
tive studies are needed to fully establish its poten-
tial [13, 28, 55–61]. However, LITT appears to be 
a safe modality in the management of lesion 
recurrence following SRS, irrespective of the 
ultimate diagnosis.
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