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Abstract
Background
Cerebral radiation necrosis (RN) is a severe complication of 
radiotherapy for cerebral pathologies. This study discusses 
the radiographic and pathological features of 12 patients 
with RN and investigates the management strategy.

Methods
Eleven patients with brain tumors, and one with cerebral cav-
ernous angioma, treated by surgical resection or Gamma 
Knife alone before radiotherapy developed RN during fol-
low-up. Surgical resection for the cerebral RN was per-
formed in nine patients, and the other three patients received 
medical treatment. The clinical features, magnetic resonance 
imaging (MRI), surgical findings, and pathological sections 
are reviewed.

Results
The diagnosis of RN was confirmed by histological study in 
all the patients; those with surgical and medical treatment 
recovered.

Conclusion
As a major complication of radiotherapy, from the clinical 
and neuroradiological points of view, RN may simulate 
tumor recurrence. Due to the increasing number of patients 
with RN who will need to be treated in future years, the defi-
nite diagnosis and appropriate treatment of RN remain 
critical.

Keywords  Brain tumor • Cavernous angioma • Cerebral 
radiation necrosis • Radiotherapy

�Introduction

Radiotherapy is an important modality option for treating 
brain tumors, arteriovenous malformations, and head and neck 
cancers. Clinically, there are three forms of radiation injuries: 
acute, early delayed, and late delayed reactions [10, 14]. The 
main manifestation of a late delayed reaction is radiation 
necrosis (RN), which was first described in 1930 [8]. Since 
then, numerous reports have documented RN as a major com-
plication of radiotherapy to the brain. The exact incidence of 
RN after radiotherapy for brain tumors and arteriovenous mal-
formations remains undetermined. Risk factors associated 
with the development of RN include total radiation dose, frac-
tion size, treatment time, and radiation field and volume. 
Although late cerebral RN has been seen at a radiotherapy 
dose of less than 50 Gy, generally, it more often develops with 
a higher irradiation dose, larger fraction size, and when radia-
tion is combined with chemotherapy [35].

The diagnosis of RN has been challenging since the 
necrosis and tumor recurrence share similar manifestations, 
both in clinical presentation and in imaging appearance. 
Therefore, biopsy and pathological study have been recom-
mended as the diagnostic gold standard. Making a definite 
diagnosis, which is directly related to the choice of treat-
ment, is of great importance.

Twelve patients, previously treated for brain tumor and 
arteriovenous malformation, with a neuropathological diag-
nosis of cerebral RN, were included in this study. The aim of 
this study was to compare the radiographic and pathological 
features of RN and report our experience in the management 
of late cerebral RN by focusing on the therapeutic options of 
medical and surgical therapy.
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�Material and Methods

This study was approved by the XinHua Hospital Medical 
Ethics Committee.

Twelve patients, 7 males and 5 females, ranging in age 
from 41 to 73 years (mean age 55.8 years) were retrospec-
tively reviewed. Between January 2005 and December 2011, 
11 of the 12 patients were surgically treated in our 
Department. Pathological examinations were performed by 
two certified neuropathologists and the diagnosis was glio-
blastoma multiforme (GBM) in 3 cases (27 %) and glioma in 
8 (73 %).

One patient, who had a cavernous angioma, found by 
MRI, preferred stereotactic Gamma Knife radiosurgery to 
surgical resection. The lesion sites were as follows: 3 tem-
poral; 2 frontal; 3 parietal; 2 frontotemporal; 1 occipital, 
and 1 parieto-occipital All the patients underwent exter-
nal-beam fractionated radiation therapy; 1.8–2.0  Gy per 
day was administered with a 6-MV linear accelerator for 5 
consecutive days, for a total dose of 45–60  Gy. Seven 
patients also received temozolomide as chemotherapy 
(Table 1).

Magnetic resonance imaging (MRI) was performed at 
3- to 6-month intervals after completion of the radiation 
therapy. When clinical deterioration occurred, MRI was 
performed. All the patients, including the one with cavern-
ous angioma, developed a newly formed lesion mimicking 
tumor recurrence (Fig.  1). The mean time between the 
administration of radiation therapy and the appearance of 
the newly formed lesion was 18  months (range 
8–33 months). Nine patients underwent surgical resection 
of the lesion to alleviate the severe symptoms, while three 
patients received only medical treatment after stereotactic 
biopsy, as they had relatively mild symptoms. Pathological 
study of the specimens showed RN (Fig. 2). MRI or com-
puted tomography (CT) scans of the brain were then per-
formed at 3- to6 -month intervals during the follow-up. The 
mean duration of follow-up was 16  months (range 
4–36 months) (Table 1).

�Results

In our series the median preoperative Karnofsky perfor-
mance score (KPS) was 80. Apparent total surgical removal 
of the lesion was performed in nine patients, all of whom had 
a significant reduction in intracranial pressure within a few 
days postoperatively. No major complications occurred.

Two patients presented with a severe motor deficit of the 
left arm and two had postoperative seizures. Transient dys-
phasia was observed in two more patients. After surgery, 
brain edema progressively resolved in all the patients within 

3 weeks, allowing a reduction or suspension of corticoste-
roid therapy by that time.

Three patients developed mild neurological symptoms a 
few weeks postoperatively. MRI showed a worsening of 
cerebral edema, which recovered after corticosteroid 
administration.

�Discussion

The treatment of brain tumors remains challenging, although 
neurosurgery, radiotherapy, and chemotherapy are the cur-
rent options, and they can be integrated. However, prolonga-
tion of survival can be accompanied by the appearance of 
new features, such as RN, which has increased in incidence 
since radiotherapy started to be considered an outstanding 
treatment opportunity for brain tumors, arteriovenous mal-
formations, and some head and neck cancers [7].

The primary goal of brain radiotherapy is to deliver a 
therapeutic dose of radiation, sparing the surrounding nor-
mal brain tissue; in fact, irradiation occasionally affects the 
normal tissue, damaging normal brain tissue near the tumor 
site [13, 36]. The tolerance of normal tissue has been a limit-
ing factor in the radiation therapy of cerebral pathologies. 
Patients vary in their individual responses to radiotherapy: 
some may develop severe adverse reactions, while others 
receiving comparable radiation doses for similar pathologies 
in similar locations do not. The exact reason for this variabil-
ity in response remains unclear, although several researchers 
have tried to address the issues of intrinsic tissue sensitivity 
over the past two decades [1, 9, 20, 28, 33], and a median 
dose of 20  Gy in a single fraction has been advocated to 
obtain an optimal balance between therapeutic efficacy and 
the risk of complications [17, 23].

Currently, the mechanisms of RN are still an open ques-
tion. Theories of vascular injury; glial injury; autoimmune 
reactions; and oxyradical damage of cell membrane lipids 
have been advanced so far (15, 21). These mechanisms may 
generally coexist. The main target of RN is neuroglial cells, 
especially oligodendroglial and endothelial cells, rather than 
neurons [31]. Endothelial cell damage caused by abnormal 
microvascular circulation, “nutritional” insufficiency, and 
disruption of the blood-brain barrier, promoted by the acti-
vated immunological system, contribute to the development 
of gliosis, vascular injury, and progressive necrosis of the 
surrounding brain parenchyma [4, 6, 19, 22, 26, 29, 34].

As previously stated, efforts have long been made by a 
great many investigators to apply radiographic imaging stud-
ies to the differential diagnosis of recurrent tumor and RN [5, 
24, 32], which can be a radiologic dilemma, since they share 
the following features at CT or MRI: the original tumor site, 
mass effect, and contrast enhancing with surrounding edema, 
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Fig. 1  (a, b) Axial magnetic resonance (MR) images of patient with 
primary glioma. The solid portion of radionecrosis and the perilesional 
edema in the left temporal lobe have low signal intensity on axial 
T1-MRI and high signal intensity on axial T2-MRI (c, d) axial MR 
images of patient with primary cavernous angioma. The solid portion of 

radionecrosis and the perilesional edema in the frontal lobe show iso-
to-hypointense signal intensity on T1 Fluid attenuated inversion recov-
ery (FLAIR) image; the lesion was irregularly enhancement. 
Hyperintense signal with patches of a hypointense signal area are 
shown on T2-MR image

C. Liao et al.
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and may increase in size over time. Other techniques, such as 
spectroscopy and perfusion MR, perfusion CT, positron 
emission tomography (PET) and single-photon emission CT 
(SPECT) have also been widely used. Nevertheless, so far no 
evidence has been provided that any of these investigations is 
apparently superior to any other modalities in terms of diag-
nostic sensitivity or specificity [2, 5, 6, 21, 25]. With no best 
option recommended, the decision to use one or more 
imaging techniques always depends on a series of factors, 
such as the availability of various imaging modalities at an 
institution, the location and size of the tumor, the neurologi-
cal findings, and the cost.

A differential diagnosis is very important to illuminate the 
appropriate management: recurrent tumor might be treated 
with surgical resection, radiation, or chemotherapy, while RN 
may benefit from corticosteroids, other medical therapies, or 
surgery [5, 30]. The definitive diagnosis of RN requires path-
ological studies, despite the existence of sampling error from 
a stereotactic biopsy, due to the frequent mixed area of 
tumoral cells and necrosis. However, in patients with previ-
ously irradiated tumor or other pathologies in whom RN or 
tumor recurrence was clinically or radiographically sus-
pected, results from stereotactic biopsy or surgical biopsy 
could be used to differentiate tumor recurrence, RN, a mix-
ture of both lesions, and radiation-induced tumor [10].

Spontaneous resolution of cerebral RN may happen, but 
in most patients symptoms would develop and can be pro-
gressive, calling for treatment to provide symptomatic relief 
[11]. It is reported that resolution or improvement may be 
obtained following medical treatment with high-dose corti-
costeroids [16]. However, Gutin and colleagues reported that 

the effect of steroids for acute episodes in patients with lat-
eral cerebral RN proved to be doubtful. The steroid level at 
radiation is reported to have an adverse effect on the out-
come, owing to severe systemic complications, and, as a con-
sequence, increased susceptibility to RN [12, 18]. According 
to our personal experience, although no definitive conclusion 
can currently be drawn, we suggest that the management of 
patients with RN is predominantly surgical in those with 
elevated intracranial pressure, or if symptoms require prompt 
control or they progress with conservative treatment. 
Moreover, surgical intervention may also provide a biopsy 
specimen and confirm the diagnosis. This statement seems to 
be in accord with the literature [15, 16, 22, 27, 34].

Regarding the patient with cavernous angioma in our 
series, we strongly supported surgery to remove both the RN 
and the remaining lesion, since cavernous angioma can re-
bleed and support epileptic seizures; in our opinion such a 
surgery it is not an especially demanding operation, particu-
larly when the nidus is located on the convexity. Similarly to 
treatment in those patients with long-term recurrent epilepsy 
unresponsive to antiepileptic drugs, surgery should be reso-
lutely carried out in order to remove the nidus, and to prevent 
massive hemorrhage and expansion of the epileptic focus. 
Moreover, surgery should also be considered in the follow-
ing conditions: (1) acute or progressive functional nervous 
damage; (2) a single nidus in a non-eloquent area or in the 
eloquent area in cases of hemorrhage; and (3) a serious focal 
symptom arising out of multiple encephalic pathological 
changes [3].

In our study, surgical treatment appeared to be a favorable 
strategy in patients with good KPS and accessible location of 

Fig. 2  Pathological section of 
radionecrosis shows proliferation 
of surrounding gliocytes, 
coagulative necrosis of large 
areas, formation of a glial scar, 
and infiltration of inflammatory 
cells around the blood vessels
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the necrotic mass. We believe that the number of patients 
requiring treatment of RN will rise in the coming years with 
the increasing population receiving radiotherapy. Accordingly, 
prospective randomized, multicenter studies and even com-
plete guidelines are necessary for the management of RN.

�Conclusion

As a major complication of radiotherapy, RN may simu-
late tumor recurrence in both its clinical features and on 
MRI. The definite diagnosis and appropriate treatment of 
RN are critical, and will be even more important, given 
that there will be increasing numbers of patients with RN 
to be treated in the coming years.
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