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Salvage craniotomy for treatment-refractory 
symptomatic cerebral radiation necrosis
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Abstract
Background. The incidence of symptomatic radiation necrosis (RN) has risen as radiotherapy is increasingly used 
to control brain tumor progression. Traditionally managed with steroids, symptomatic RN can remain refractory 
to medical treatment, requiring surgical intervention for control. The purpose of our study was to assess a single 
institution’s experience with craniotomy for steroid-refractory pure RN.
Methods. The medical records of all tumor patients who underwent craniotomies at our institution from 2011 to 
2016 were retrospectively reviewed for a history of preoperative radiotherapy or radiosurgery. RN was confirmed 
histopathologically and patients with active tumor were excluded. Preoperative, intraoperative, and outcome in-
formation was collected. Primary outcomes measured were postoperative KPS and time to steroid freedom.
Results. Twenty-four patients with symptomatic RN were identified. Gross total resection was achieved for all 
patients. Patients with metastases experienced an increase in KPS (80 vs 100, P < .001) and required a shortened 
course of dexamethasone vs patients with high-grade gliomas (3.4 vs 22.2 weeks, P = .003). RN control and neu-
rological improvement at 13.3 months’ follow-up were 100% and 66.7%, respectively. Adrenal insufficiency after 
rapidly tapering dexamethasone was the only morbidity (n = 1). Overall survival was 93.3% (14/15) at 1 year.
Conclusion. In cases of treatment-refractory symptomatic RN, resection can lead to an overall improvement in 
postoperative health status and neurological outcomes with minimal RN recurrence. Craniotomy for surgically 
accessible RN can safely manage symptomatic patients, and future studies assessing the efficacy of resection vs 
bevacizumab may be warranted.
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With the increasing use of radiation therapy (RT) in 
neuro-oncology for metastatic and primary brain tumors 
and longer patient outcomes, the incidence of radiation-
induced necrosis (RN) has increased significantly in the 
last decade.1–3 RN classically demonstrates histolog-
ical changes including inflammatory infiltrate, coagula-
tive, and liquefactive necrosis and vascular damage that 
may produce significant edema and symptomatology.4–6 
Depending on the location, RN manifests with mass ef-
fect symptoms such as personality changes, seizures, 
headaches or focal deficits.4,7 The diagnosis of suspected 

RN classically relies on a combination of clinic-radiologic 
criteria, timing of radiation (>6  months), and metabolic/
perfusion imaging; however, tissue diagnosis is the only 
definitive confirmatory test.8,9

When symptomatic, suspected RN is first managed 
medically with a short course of steroids; however, many 
patients may remain steroid dependent or refractory to 
high-dose steroids. Additionally, steroids have both long 
and short-term toxicity and may affect systemic treat-
ment. In these select patients, salvage medical treatment 
options such as VEGF inhibitors (bevacizumab), hyperbaric 
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oxygen, and antiplatelet and anticoagulation medications 
have been offered with varying degrees of success.5,10–12 
In cases of treatment-refractory or “malignant radiation 
necrosis,” more invasive treatment options such as laser 
interstitial thermal therapy or surgical resection may be 
required. However, the current literature surrounding the 
safety and efficacy of surgical resection is limited to smaller 
case series and case studies, and direct comparison is diffi-
cult because of a lack of consistency in histopathology and 
reporting outcomes.13–18 The goal of this study is therefore 
to assess a single institution’s experience with craniotomy 
for confirmed treatment-refractory symptomatic radiation. 
To our knowledge, this remains the largest study to date 
assessing the utility of craniotomies for this indication.

Methods

Patient Selection

After institutional review board approval, the medical 
records of 1400 brain tumor patients who underwent a 
craniotomy at our institution between 2011 to 2016 were 
retrospectively reviewed for a history of preoperative RT. 
Patients with either metastatic or primary intracranial brain 
tumors were included. WHO grade III and IV astrocytomas 
were grouped as high-grade gliomas (HGGs). A  total of 
136 patients were identified with preoperative RT and 
were further assessed for the presence or absence of ra-
diation necrosis. Patients received whole-brain radio-
therapy (WBRT), external beam radiotherapy (EBRT), or 
stereotactic radiosurgery (SRS). RN was confirmed by our 
institution’s pathology department using standard histo-
pathological criteria, and patients with any fraction of ac-
tive tumor were excluded. Because each patient received 
a craniotomy with maximal tumor resection, a large mass 
of gross tumor tissue could be sent from each procedure 
to our pathologists. Each patient had between 2 to 6 gross 
tumor samples sent as either 1 or multiple sections for 
pathological analysis, depending on lesion size, and if any 
single sample was positive for active tumor cells, the pa-
tient was excluded. Active tumor was determined by Ki-67 
staining for nuclear proliferation and phosphohistone H3 
staining for mitotic figures. Histopathological criteria for 
radiation necrosis were defined as the following: coagu-
lative and fibrinoid necrosis, weakly active inflammatory 
areas, hyalinized vasculature, and focal areas of perivas-
cular lymphocytes.6 Only patients who failed conservative 
trial of steroid treatment (less than 1 month) were included 
in our analysis. Treatment-refractory RN was defined as ra-
diographic or symptomatic progression of disease despite 
high-dose steroids, or prolonged (greater than 4 weeks) 
steroid dependence.

Data Gathering

Data related to demographics, radiation history, tumor di-
agnosis, surgical procedure, and outcomes were collected 
from patient charts. The presence of hypermethylated 
O-6-methylguanine-DNA methyltransferase and mutated 
isocitrate dehydrogenase (IDH) genetic mutations was 

reported when present. Radiological interpretation of 
cerebral blood volume (CBV) changes on preoperative 
MRI perfusion scans was also included when present. 
Craniotomies were either gross total or subtotal resections 
as determined by postoperative MR imaging. The pri-
mary outcomes were changes in baseline KPS (meas-
ured at 2  weeks postprocedure) and steroid freedom. 
Preoperatively, steroid-dependent patients typically 
remained on 2 to 4 mg of dexamethasone every 6 hours. 
Local control was defined as the length of time after sur-
gery without evidence of radiographic disease in the sur-
gical cavity. Progression-free survival (PFS) was defined 
as time after craniotomy until the patient experienced a 
worsening of neurological symptoms or the development 
of new neurological symptoms. Neurological improve-
ment was defined as an improvement in the neurolog-
ical physical exam at the latest follow-up time point as 
conducted by a single neurologist at our institution and 
included focal deficits, headache, vertigo, and seizure ac-
tivity. Information related to neurological improvement, 
PFS, and overall survival was collected from a retrospec-
tive review of medical records. Overall improvement in the 
long-term was defined as an improvement in KPS at last 
follow-up.

Statistical Analysis

Mean differences in time to surgery by tumor type were 
analyzed using one-way ANOVA. Preoperative, postop-
erative, and long-term KPS scores were compared using 
a paired 2-tailed t-test. PFS and steroid-freedom survival 
curves were modeled using Kaplan-Meier curves and 
analyzed using log-rank analysis. Patients who were lost 
to follow-up were censored after their longest follow-up 
time point. Missing data points were excluded when com-
puting results. P values <.05 were indicative of statistical 
significance. Statistical analysis and graph creation was 
performed using MATLAB R2017B (MathWorks) and JMP 
Pro Version 14 (SAS Institute).

Results

Patient Cohort

Twenty-four patients with histologically confirmed ra-
diation necrosis were identified (Table 1). Mean age at 
surgery was 60.3  ± 10.0  years and 14 patients were fe-
male. The original pathology was metastases (58.3%, 
n = 14), HGG (25%,n = 6), meningioma (12.5%,n = 3), and 
esthesioneuroblastoma (4.2%, n = 1) (Table 2). The primary 
origin of metastatic disease was lung (42.8%, n = 6), breast 
(35.7%, n = 5), dermatologic including squamous cell and 
melanoma (14.3%, n = 2), and renal (7.1%, n = 1). Less than 
half of the patients had a history of a previous craniotomy 
(45.8%, n = 11). Patients received an average of 41.5 ± 17.1 
Gy at 23.4 ± 24.6 months prior to surgery. Average time to 
discharge after surgery was 1.4 days, and 100% (n = 24) of 
patients underwent gross total resection of their lesion. 
Mean PFS was 11  months (range, 0.4-42.4  months) at a 
mean follow-up of 13.3 months (range, 0.42-42.4 months) 
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after surgery. Overall, the majority of patients experienced 
immediate improvement in symptomatology (66.7%, 
n = 16), with 33.3% (n = 8) remaining at their neurologic 
baseline. No patients experienced clinical deterioration 
after surgery. Neurological improvement at last follow-up 
was noted in 66.7% of patients (n = 16), and 8.3% (n = 2) 
remained at their neurological baseline. Local control 
was 91.7% (n = 22) in our series. Median time to steroid 
freedom after surgery was 2.4 weeks. Overall survival rate 
was 93.3% (14/15) at 1 year and 66.7% (4/6) at 2 years after 
craniotomy.

Radiation History

HGG patients received an average of 58.1  ± 2.78 Gy 
delivered by EBRT at 13.8 months prior to surgery (range, 
4.5-21.8 months). Patients with brain metastases predomi-
nantly received SRS although 5 patients received a combi-
nation of SRS and WBRT or EBRT. SRS was administered to 
metastatic patients at an average of 21.4 ± 2.7 Gy at a me-
dian 15.1 months prior to surgery (range, 6.2-41.5 months). 
Patients with a history of WBRT received an average of 
33 ± 3.3 Gy at 8.9 months prior to craniotomy (range, 5.4-
30 months), whereas patients who received EBRT received 
an average of 30 Gy at 10.3 months prior. Median time from 
initial radiotherapy to surgery for metastatic patients was 
15.5 months (range, 6.6-41.5 months). Median percentage 
isodose line for patients administered SRS was 72% 
(range, 50%-100%). Meningioma patients received 20 Gy at 
a median of 66.4 months prior (range, 26.5-119.6 months) 
through SRS. One-way ANOVA demonstrated a signifi-
cant difference between time to surgery by tumor type 
(P  <  .001), with meningioma patients having a signifi-
cantly longer time elapsed between radiation and surgery 
compared with HGG (P = .001) and metastases (P < .001). 

The esthesioneuroblastoma received 60 Gy at 7.6 months 
prior via EBRT.

Tumor Recurrence and PFS

Out of the total cohort, 8.3% (n = 2, both HGG) of patients 
experienced local recurrence as seen on postoperative 
MRI at an average of 1.9 months (range, 1.3-2.5 months) 
postcraniotomy (Fig. 1). Average PFS for HGG patients was 
14 ± 16.4 months compared with an average follow-up time 
point of 16.2 ± 15.4 months. PFS for metastatic patients, on 
the other hand, was 8.2 ± 11.1 months vs 10.5 ± 11 months 
follow-up; however, log-rank analysis indicated no signifi-
cant difference in PFS between these 2 groups (P = .65; Fig. 
2).

KPS and Neurologic Outcomes

Patients experienced a significant increase in median KPS 
postcraniotomy (80 vs 100, P =  .001) but not at latest fol-
low-up (80 vs 90, P = .83). HGG patients did experience a 
slight improvement (but not significant) from pre- vs post-
operative KPS (85 vs 95, P = .20) or pre- vs last follow-up 
(80 vs 80, P = .36). At latest follow-up neurological improve-
ment was noted in 50% (3/6) in this group whereas 33.3% 
(2/6) remained at their neurologic baseline and 16.7% 
(1/6) deteriorated. Patients with metastatic disease experi-
enced a significant increase in KPS after surgery (80 vs 100, 
P < .001) but not at last follow-up (80 vs 90, P = .63), and 
64.3% (9/14) of these patients experienced neurological 
improvement at latest follow-up. There was no significant 
difference in outcome between patients with HGG vs met-
astatic disease at last follow-up. Meningioma patients did 
experience an increase (but not significantly) in pre- and 
postoperative KPS and pre- vs last follow-up at (80 vs 100, 
P = .23) and (80 vs 90, P = .23), respectively.

Steroid Freedom

Postoperative patients were typically tapered from dex-
amethasone 10  mg every 6 hours to off over 1 week. 
Patients with metastatic disease needed a shorter mean 
duration of postoperative dexamethasone compared with 
patients with HGG (3.4 vs 22.2 weeks, log-rank, P =  .003, 
Fig. 3). A total of 16.7% (1/6) of HGG patients were placed 
on continuous 2 mg twice daily dexamethasone. With the 
exception of these 2, median time to steroid freedom was 
2.29 weeks (2.4 weeks for all combined). Meningioma 
patients averaged 3.9 weeks of steroid use, and the 
esthesioneuroblastoma patient needed 2.3 weeks to cease 
dexamethasone use.

MRI Perfusion Imaging

Preoperative MR perfusion imaging was available for 7 
patients prior to surgery, and suggested RN (decreased 
CBV, compared with contralateral hemisphere) in 57.1% 
of patients (n = 4), but was equivocal or nonindicative in 
the rest of the cohort (42.9%, n = 3). Perfusion scans and 

  
Table 1 Baseline Characteristics for 24 Patients With Radiation 
Necrosis

Patient Characteristicsa (N = 24)

Age (years) 60.3 (57-67)

Gender  

Male, n (%) 10 (41.7%)

Female, n (%) 14 (58.3%)

Tumor  

HGG, n (%) 6 (25%)

Metastasis, n (%) 14 (58.3%)

Meningioma, n (%) 3 (12.5%)

Esthesioneuroblastoma, 
n (%)

1 (4.2%)

PFS (months) 3.8 (.55-16)

Follow-up (months) 7.8 (.79-18.7)

Off steroid (weeks) 2.4 (2-6.5)

Abbreviations: HGG, high-grade glioma; PFS, progression-free  
survival; Q1, first quartile; Q3: third quartile.
aMedian value (Q1, Q3).

  



97Shah et al. Craniotomy for refractory radiation necrosis
N

eu
ro-O

n
colog

y 
P

ractice
  

Ta
bl

e 
2 

Ca
se

 S
er

ie
s 

of
 S

ur
gi

ca
l R

es
ec

tio
n 

fo
r R

ad
ia

tio
n 

N
ec

ro
si

s

C
as

e
Tu

m
o

r
R

T
/G

y 
 

(I
D

L 
%

)
A

ge
/S

ex
R

T
 t

o
  

S
u

rg
er

y 
T

im
e 

(m
o

)

P
re

o
p

 
K

P
S

Po
st

o
p

 
K

P
S

O
ff

-S
te

ro
id

s 
T

im
e 

(w
ks

)
La

te
st

 
FU

 T
im

e 
(m

o
)

La
te

st
 

K
P

S
P

FS
a  

 
(m

o
)

W
o

rs
en

in
g

/N
ew

 
S

ym
p

to
m

s 
at

  
P

ro
g

re
ss

io
n

c  

N
eu

ro
lo

g
ic

al
 

Im
p

ro
ve

m
en

t 
o

n
 L

at
es

t 
E

xa
m

N
o

te
s

C
as

e 
1

M
en

in
g

io
m

a
S

R
S

/–
70

/F
26

.5
80

10
0

2.
29

.5
3

10
0

.5
3

–
Y

–

C
as

e 
2

O
th

er
b

E
B

R
T

/6
0

48
/M

7.
6

80
90

2.
29

13
.6

5
90

6.
55

Im
p

u
ls

iv
en

es
s;

 d
iffi

-
cu

lt
y 

co
n

ce
n

tr
at

in
g

Y
–

C
as

e 
3

H
G

G
 

–/
–

60
/F

22
.6

80
90

14
.4

3
5.

25
70

2.
5

L-
si

d
ed

 w
ea

kn
es

s
S

am
e

T
T

R
 2

.5
 m

o
; f

el
l a

t 
lo

n
g

-t
er

m
 F

U

C
as

e 
4

H
G

G
E

B
R

T
/6

2.
5;

 
S

R
S

/–
34

/M
11

.7
4

10
0

10
0

75
.7

20
.6

1
90

15
.8

1
Fa

ll 
re

q
u

ir
in

g
 

h
o

sp
it

al
iz

at
io

n
Y

ID
H

, M
G

M
T

 +

C
as

e 
5

M
et

as
ta

si
s 

(l
u

n
g

)
S

R
S

/2
0 

(7
2)

67
/F

6.
55

90
10

0
5

16
.4

8
0

16
.4

8
–

N
A

d
re

n
al

 in
su

ffi
ci

en
cy

 
p

o
st

o
p

; e
xp

ir
ed

 a
t 

16
.4

8 
m

o

C
as

e 
6

M
en

in
g

io
m

a
S

R
S

/–
72

/F
66

.4
2

20
10

0
1

.5
10

0
.5

–
Y

–

C
as

e 
7

H
G

G
E

B
R

T
/5

9.
4

60
/M

20
.8

1
10

0
10

0
7.

86
6.

81
70

1.
32

L-
ar

m
/h

an
d

 n
u

m
b

-
n

es
s 

an
d

 ti
n

g
lin

g
N

TT
R

 1
.2

9 
m

o;
 M

G
M

T 
+

C
as

e 
8

H
G

G
E

B
R

T
/6

0
62

/F
21

.8
4

80
80

2.
14

.5
5

80
.5

5
–

S
am

e
P

la
ce

d
 o

n
 c

o
n

ti
n

-
u

o
u

s 
lo

w
-d

o
se

 
d

ex
am

et
h

as
o

n
e

C
as

e 
9

M
et

as
ta

si
s 

(l
u

n
g

)
S

R
S

/1
8;

 
E

B
R

T
/3

0
70

/F
18

.8
1

90
90

6
18

.1
3

80
8.

77
R

-h
an

d
 p

ro
g

re
ss

iv
e 

n
u

m
b

n
es

s 
N

B
ev

ac
iz

u
m

ab
 a

ft
er

 
su

rg
er

y

C
as

e 
10

M
en

in
g

io
m

a
S

R
S

/2
0 

(8
7)

54
/F

11
9.

68
80

90
8.

42
62

90
57

L-
le

g
 w

ea
kn

es
s;

  
fo

ca
l s

ei
zu

re
s

Y
–

C
as

e 
11

M
et

as
ta

si
s 

(s
ki

n
)

S
R

S
/2

0 
(5

0)
; 

W
B

R
T

/3
0

62
/M

15
.7

7
70

10
0

2.
42

6.
35

10
0

6.
35

–
Y

–

C
as

e 
12

M
et

as
ta

si
s 

(l
u

n
g

)
S

R
S

/2
1 

(5
0)

66
/M

33
.2

9
90

10
0

2
6.

94
90

4.
87

S
h

ar
p

, r
ad

ia
ti

n
g

 
h

ea
d

ac
h

es
Y

–

C
as

e 
13

H
G

G
E

B
R

T
/–

76
/F

7.
79

90
90

9.
85

21
.4

2
80

21
.4

2
–

Y
–

C
as

e 
14

M
et

as
ta

si
s 

(b
re

as
t)

S
R

S
/2

0 
(7

7)
59

/F
41

.5
10

0
10

0
4.

43
12

.2
9

90
12

.2
9

–
Y

–

C
as

e 
15

M
et

as
ta

si
s 

(l
u

n
g

)
W

B
R

T
/3

7.
5;

 
S

R
S

/1
8

57
/F

8.
93

90
10

0
9.

42
14

20
2.

8
L 

h
o

m
o

ny
m

o
u

s 
h

em
ia

n
o

p
si

a;
 c

o
n

-
st

an
t h

ea
d

ac
h

es

N
H

os
pi

ta
l f

or
 b

ra
in

  
he

rn
ia

tio
n 

at
  

lo
ng

-t
er

m
 F

U

C
as

e 
16

M
et

as
ta

si
s 

(b
re

as
t)

S
R

S
/2

5
64

/F
12

.7
7

80
10

0
2.

3
.5

10
0

.5
–

Y
–

C
as

e 
17

H
G

G
E

B
R

T
/5

4.
9

52
/M

4.
48

80
10

0
3

42
.3

9
10

0
42

.3
9

–
Y

 

C
as

e 
18

M
et

as
ta

si
s 

(b
re

as
t)

W
B

R
T

/3
0;

 
S

R
S

/2
0 

(5
0)

38
/F

30
70

70
1

8.
6

0
0

–
N

Im
m

ed
ia

te
 s

ym
p

to
m

 
p

ro
g

re
ss

io
n

; e
xp

ir
ed

  
at

 8
.6

 m
o



 98 Shah et al. Craniotomy for refractory radiation necrosis

C
as

e
Tu

m
o

r
R

T
/G

y 
 

(I
D

L 
%

)
A

ge
/S

ex
R

T
 t

o
  

S
u

rg
er

y 
T

im
e 

(m
o

)

P
re

o
p

 
K

P
S

Po
st

o
p

 
K

P
S

O
ff

-S
te

ro
id

s 
T

im
e 

(w
ks

)
La

te
st

 
FU

 T
im

e 
(m

o
)

La
te

st
 

K
P

S
P

FS
a  

 
(m

o
)

W
o

rs
en

in
g

/N
ew

 
S

ym
p

to
m

s 
at

  
P

ro
g

re
ss

io
n

c  

N
eu

ro
lo

g
ic

al
 

Im
p

ro
ve

m
en

t 
o

n
 L

at
es

t 
E

xa
m

N
o

te
s

C
as

e 
19

M
et

as
ta

si
s 

(k
id

n
ey

)
S

R
S

/2
4 

(1
00

)
65

/M
19

.9
10

0
10

0
1

20
.5

2
10

0
20

.5
2

–
Y

–

C
as

e 
20

M
et

as
ta

si
s 

(l
u

n
g

)
W

B
R

T
/3

5
55

/M
12

.9
4

70
90

5.
85

1.
32

90
1.

32
–

Y
–

C
as

e 
21

M
et

as
ta

si
s 

(l
u

n
g

)
S

R
S

/–
69

/M
8.

8
80

90
1.

71
.4

2
90

.4
2

–
Y

–

C
as

e 
22

M
et

as
ta

si
s 

(b
re

as
t)

W
B

R
T

/3
2.

3;
 

S
R

S
/2

5
68

/F
8

80
10

0
2

39
.7

4
90

39
.7

4
–

Y
–

C
as

e 
23

M
et

as
ta

si
s 

(b
re

as
t)

S
R

S
/2

4
62

/F
 

15
.1

3
80

90
2

.8
7

80
.8

7
M

en
ta

l s
ta

tu
s 

ch
an

g
es

; u
ri

n
ar

y 
in

co
n

ti
n

en
ce

N
Pr

og
re

ss
io

n
  

ha
pp

en
ed

 a
t l

at
es

t F
U

C
as

e 
24

M
et

as
ta

si
s 

(s
ki

n
)

S
R

S
/–

69
/M

19
80

90
2

.4
2

30
.4

2
S

yn
co

p
e,

 in
ab

ili
ty

 to
 

m
ov

e
Y

Pr
og

re
ss

io
n

 
ha

pp
en

ed
 a

t l
at

es
t F

U

A
b

b
re

vi
at

io
n

s:
 E

BR
T,

 e
xt

er
na

l b
ea

m
 ra

di
ot

he
ra

py
; F

, f
em

al
e;

 F
U,

 fo
llo

w
-u

p;
 H

GG
, h

ig
h-

gr
ad

e 
gl

io
m

a;
 G

y,
 G

ra
y;

 ID
H

, i
so

ci
tra

te
 d

eh
yd

ro
ge

na
se

; I
DL

, i
so

do
se

 li
ne

 %
; L

, l
ef

t; 
M

, m
al

e;
 M

GM
T,

 O
-6

-m
et

hy
lg

ua
ni

ne
-

DN
A 

m
et

hy
ltr

an
sf

er
as

e;
 m

o,
 m

on
th

s;
 N

, n
o;

 N
P,

 n
o 

pr
og

re
ss

io
n 

to
 d

at
e;

 P
FS

, p
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l; 
R,

 ri
gh

t; 
RN

, r
ad

ia
tio

n 
ne

cr
os

is
; R

T,
 ra

di
ot

he
ra

py
; S

RS
, s

te
re

ot
ac

tic
 ra

di
os

ur
ge

ry
; T

TR
, t

im
e 

to
 re

cu
rr

en
ce

 
fro

m
 s

ur
ge

ry
; W

BR
T,

 w
ho

le
-b

ra
in

 ra
di

ot
he

ra
py

; w
ks

, w
ee

ks
; Y

, y
es

.
a De

fin
ed

 a
s 

re
cu

rr
en

ce
 o

r w
or

se
ni

ng
 o

f n
eu

ro
lo

gi
ca

l s
ym

pt
om

s 
pr

es
en

t a
t b

as
el

in
e.

b Es
th

es
io

ne
ur

ob
la

st
om

a.
c At

 fi
rs

t t
im

e 
po

in
t o

f p
ro

gr
es

si
on

.

  Ta
bl

e 
2 

Co
nt

in
ue

d



99Shah et al. Craniotomy for refractory radiation necrosis
N

eu
ro-O

n
colog

y 
P

ractice

functional imaging were preferred for only a handful of 
patients in the final cohort because of the lower yield that 
such modalities have for brain metastases vs primary brain 
tumors.19,20

Complications

Surgical morbidity was noted in 4.2% of patients (n = 1) 
due to adrenal insufficiency from a rapid dexamethasone 
taper. Two patients expired of their metastatic disease at 

8.6 months and 16.5 months postcraniotomy, respectively. 
No complications were associated with the actual surgical 
procedure.

Discussion

In this study, we retrospectively reviewed the surgical 
outcomes of 24 patients with pure histopathologically con-
firmed RN. The majority of patients (66.7%) in our series 
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experienced postoperative KPS improvement, and at latest 
follow-up 72.3% demonstrated neurological improvement. 
Salvage craniotomy for treatment-refractory RN was able 
to provide significant local control (91.7%), with signifi-
cant functional improvement. To our knowledge, this is the 
largest study undertaken to analyze the safety and efficacy 
of surgical resection for symptomatic RN.

RN is reported to occur in between 3% to 24% of patients 
with a history of cerebral radiation although the specific 
rate depends on the type of tumor, disease progression, 
and modality of radiation.13,21 Time to onset of RN also 
varies widely and can range from 6  months to several 
years after radiation treatment.21–23 Factors that increase 
the risk for RN have been extensively covered in the liter-
ature and include tumor diameter on pre-SRS MRI, prior 
history of radiation, and the number and total dosage of 
the radiation fractions administered to the lesion.2,6,21,23–25 
Specifically, minimizing the volume of irradiated healthy 
brain by optimizing the isodose line has been found to de-
crease the risk of RN.24,26,27 Although histology is the gold 
standard for diagnosing RN, many centers use a combi-
nation of radiological and clinical criteria to confirm RN in 
suspected cases. Preoperative imaging modalities such as 
MR perfusion, MR spectroscopy, and diffusion-weighted–
MRI are typically used.2,21 In our series, MR perfusion 
predicted RN (low relative CBV) in 57.1% of cases, which is 
supported by the current literature indicating that elevated 
relative CBV can help distinguish recurrent tumor vs radia-
tion necrosis.28–30

Medical Management

Typical primary treatment options for symptomatic RN 
include a trial of steroids for symptomatic control be-
cause they reduce the edema associated with mass effect. 
However, prolonged use of steroids can lead to typical signs 
of excess steroid consumption and immunosuppression.11 

Given the morbidity of prolonged steroid use, in cases of 
steroid dependence or persistent symptomatology, sal-
vage medical treatments are available. Perhaps the best 
known of these is bevacizumab, an inhibitor of VEGF, which 
studies have shown is upregulated in RN.31–33 Although 
bevacizumab has been used successfully as a salvage 
therapy, there are a few considerations that precluded it 
from being widely used at our institution.34 Patients in the 
literature who were treated with bevacizumab displayed 
only a moderate decrease in RN volumetry on MRI.31 
Furthermore, its administration time period can last longer 
than 8 weeks of intravenous treatment, and almost 4 weeks 
must elapse before surgery can be reconsidered for any 
reason.31,35 The lack of sufficient information around long-
term PFS and its adverse effects such as delayed wound 
healing, hemorrhage, and pulmonary emboli also have 
limited its use.34,35 Bevacizumab was therefore considered 
in our patients for whom surgical resection was precluded 
rather than a primary option for steroid-freedom. Another 
nonsurgical therapy that has been explored to variable 
degrees is combination oral vitamin E and pentoxifylline, 
which was shown to decrease edema volume (in 
10/11  patients) in a small pilot study before having to be 
discontinued in 3 patients.36 Hyperbaric therapy, which is 
thought to mitigate the production of free radicals after ce-
rebral radiation, has also been attempted in the past but the 
body of literature does not support its widespread use.2,31–33

Surgical Management

Given the limitations and uncertainty around salvage med-
ical treatments, for large lesions that are surgically acces-
sible, our institution opted to use salvage craniotomy as a 
potentially definitive treatment approach. The literature on 
surgical treatment for RN is limited to smaller case series 
and case reports consisting of heterogeneous tumor types 
and displays a wide range of outcomes.13–18 As our study 
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has shown, surgical resection can be performed with min-
imal complications and lead both symptomatic control 
and functional improvement with high long-term survival 
(93.3% [14/15] and 66.7% [4/6] at 1  year and 2  years, re-
spectively). The majority of patients in our study (~70%) 
demonstrated an increase in postoperative KPS, with met-
astatic patients demonstrating the most benefit.

Our study noted that HGG patients did not receive sig-
nificant improvements in KPS compared with patients 
with metastatic disease (likely explained by high base-
line KPS scores [median:  85]). Aside from the known 
propensity for glioblastoma (GBM) patients to have 
local tumor recurrence, studies suggest that the histopa-
thology of GBM itself may predispose these patients to 
worse long-term outcomes after radiotherapy.37,38 In ad-
dition, HGG patients received a greater dosage of radia-
tion and developed RN at a shorter mean time compared 
with metastatic patients. The combination of increased 
RT and increased sensitivity to adverse effects of RT in 
HGG patients may explain poor outcomes in this cohort, 
including the 2 patients who were unable to be weaned 
from steroids. Metastatic patients, however, were all 
weaned off steroids and required a shorter mean course 
(3.4 weeks) compared with HGG (22.2 weeks), which is 
consistent with previous studies.13–15 A  159-patient case 
series by Grossman et al that contained 18 GBM patients 
with symptomatic RN (defined as <20% residual/recur-
rent viable tumor on resection) noted 58.8% of patients 
needed further intervention after resection of the mass 
lesion and 2 needed continued steroid therapy.15 Our 
results suggest that while metastatic patients may ben-
efit the most from lesionectomy, patients with primary 
high-grade brain tumors continue to fare poorly after 
surgery. Although conclusions from our series for other 
pathologies (meningioma, ependymoma, etc) cannot be 
inferred, literature suggests surgery remains a viable op-
tion for these pathologies as well.17,39,40

At long-term follow-up, there was a trend in improve-
ment in KPS (median 90  KPS); however, this was not 
significant. This was most likely attributed to increased 
exposure to general health risks (falls, etc) and systemic 
disease progression (metastatic patients). Neurological 
improvement, however, from preoperative baseline was 
maintained in the majority of patients (~70%) at mean fol-
low-up (13.3  months). This confirmed our view that the 
surgical benefit could be enduring in these patients for an 
extended period of time since patients with pure RN and 
even mixed RN (≤20% active tumor) are generally found to 
survive longer than those with active tumor recurrence.25 
This highlights the importance of early identification of 
patients with treatment-refractory RN as these patients 
may benefit the most from surgical intervention. Instead 
of subjecting patients to long-term medical management 
such as high-dose steroids or a course of bevacizumab, 
early craniotomy for refractory lesions may reduce func-
tional and neurological deterioration.16

Limitations

Our study is limited inherently by the retrospective na-
ture of chart review and the uncertainty surrounding the 

accuracy and completeness of human data entry. In our 
analysis, we were also constrained to focusing on patients 
who were operated on at our institution by a single sur-
geon and who were deemed fit to benefit the most from 
craniotomy. This may expose our analysis both to selection 
and institutional bias and affect the generalizability of our 
results. The RTs that many of our patients were subject to 
for their tumors were also sometimes performed outside 
our institution at independent centers in South Florida. The 
planning and delivery of radiation for each tumor type can 
therefore vary in approach by practice location. However, 
we believe that these physician-dependent differences 
are minimal thanks to standardization and that our series 
offers valuable insight into surgical management of 
treatment-refractory radiation necrosis.

Conclusion

Craniotomy for surgically accessible radiation necrosis is 
a safe tool for neurosurgeons who are managing patients 
with previously radiated lesions that have failed conserva-
tive approaches. When patients are symptomatic or steroid 
dependent, resection of radiation necrosis, especially for 
patients with brain metastasis, can lead to an overall improve-
ment in health status and neurological outcomes. Finally, 
resection provides complete control of this disease process 
with no recurrence of necrosis. This remains the largest study 
to date assessing the utility of craniotomies for resecting 
symptomatic treatment-refractory radiation necrosis.
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