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Abstract
Background and Purpose Radiation therapy is commonly utilized in the majority of solid cancers and many hematologic
malignancies and other disorders. While it has an undeniably major role in improving cancer survival, radiation therapy has
long been recognized to have various negative effects, ranging from mild to severe. In this manuscript, we review several
intracranial manifestations of therapeutic radiation, with particular attention to those that may be encountered by radiologists.
Methods We conducted an extensive literature review of known complications of intracranial radiation therapy. Based on this
review, we selected complications that had salient, recognizable imaging findings. We searched our imaging database for
illustrative examples of these complications, focusing only on patients who had a history of intracranial radiation therapy. We
then selected cases that best exemplified expected imaging findings in these entities.
Results Based on our initial literature search and imaging database review, we selected cases of radiation-induced meningioma,
radiation-induced glioma, cavernous malformation, enlarging perivascular spaces, leukoencephalopathy, stroke-like
migraine after radiation therapy, Moyamoya syndrome, radiation necrosis, radiation-induced labyrinthitis, optic neu-
ropathy, and retinopathy. Although retinopathy is not typically apparent on imaging, it has been included given its
clinical overlap with optic neuropathy.
Conclusions We describe the clinical and imaging features of selected sequelae of intracranial radiation therapy, with a focus on
those most relevant to practicing radiologists. Knowledge of these complications and their imaging findings is important, because
radiologists play a key role in early detection of these entities.

Key points
• Intracranial radiation therapy, though clinically invaluable, has a wide
spectrum of potential long-term negative effects.

•Knowledge of sequelae of intracranial radiation, as well as their imaging
findings, is therefore important.

• Here, we summarize important clinical and radiologic features of se-
lected side effects of intracranial radiation therapy, focusing mainly on
those with recognizable imaging findings.
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Abbreviations
CCM Cerebral cavernous malformations
RION Radiation-induced optic neuropathy
RIL Radiation-induced leukoencephalopathy
RN Radiation necrosis
RT Radiation therapy
SMART Stroke-like migraine after radiation therapy
WBRT Whole-brain radiation therapy

Introduction

Radiation therapy (RT) is commonly used to treat most solid
tumors and many hematologic malignancies. In the modern
era, RT plays a central role in the management of a wide
variety of intracranial disease, especially metastatic and pri-
mary brain malignancy. While RT has undeniably played a
central role in improving cancer survival in recent decades, its
potential side effects have long been recognized. The first
recognized ill effect was radiation-induced malignancy in a
radiation worker reported in 1902, only 7 years after the dis-
covery of X-rays by Wilhelm Röntgen [1].

Despite advances in radiation technology and techniques
that limit high-dose exposure to adjacent normal tissues, tox-
icities still occur. Many adverse intracranial effects related to
radiation therapy can be diagnosed or at least suggested on
imaging. Therefore, it is important for radiologists to be aware
of these complications. Our goal is to review selected sequelae
of RT in the brain, with a focus on entities that are either
common or can be detected on imaging.

The included entities were chosen using a systematic ap-
proach. We first conducted a comprehensive review of the
literature, focusing on original research and review articles
discussing intracranial complications of radiation therapy.
Next, using information from the literature and our own ex-
perience, we identified specific entities that were either
common or readily diagnosed on imaging. Finally, we
further reviewed the literature pertaining to these specif-
ic entities and selected representative cases from our
institution’s database.

Radiation-induced tumors

In 1948, radiation-induced malignancy was formally defined
by Cahan et al. [2], and modifications of Cahan’s criteria are
still used to assess for radiation-induced tumors [3]. There are
four primary elements necessary for a radiation-induced tumor
to be diagnosed. First, a tumor must arise within previously

irradiated tissue. Second, a sufficient latent period, at least
several years, must have elapsed between the initial irradiation
and the development of the secondary tumor. Third, the treat-
ed tumor and the subsequent tumor must both have been
biopsied and shown to differ histologically. Fourth, the tissue
in which the secondary tumor arose must have been metabol-
ically and genetically normal prior to radiation therapy. The
majority of radiation-induced tumors are meningiomas or
gliomas.

Meningioma

Meningiomas are the most common primary brain tumor and
the most common type of radiation-induced intracranial neo-
plasm. In the seminal publications describing the long-term
health consequences encountered by atomic bomb survivors,
an increased rate of meningioma was demonstrated, which
varied with distance from the bomb blast site [4]. Many of
these tumors were asymptomatic and discovered only at au-
topsy. Historically, meningiomas have also been seen at a
higher rate in patients exposed to previously high-dose dental
X-rays [5] or following superficial irradiation for benign con-
ditions such as acne and tinea capitis [6, 7].

In contemporary clinical practice, most patients with
radiation-induced meningioma are likely to have undergone
previous high-dose RT for malignancy. A recent epidemio-
logic review of radiation-induced meningioma following RT
for neoplasm reported a mean latency period of 22.9 ±
11.4 years between initial radiation and meningioma diagno-
sis [8]. Most of the patients were children at the time of initial
exposure (mean age 13.0 ± 13.5 years), consistent with nu-
merous reports that children are at increased risk of
radiation-induced tumors relative to adults. Most tumors
(88.1%) were solitary, but the rate of multiple meningiomas
(11.9%) was higher than that seen in the population at
large. Another study found up to a 9.5-fold increased
incidence of meningiomas in patients treated with 1–
2 Gy during childhood [9].

Radiation-induced meningiomas have an identical imaging
appearance to sporadic cases, presenting as a dural-based ex-
tra-axial mass with enhancement, sometimes with calcifica-
tion on CT. Though generally benign, these tumors can be
large with substantial mass effect. Importantly, radiation-
induced meningiomas tend to be of higher grade than their
sporadic counterparts (Fig. 1). In one large study of 205
radiation-induced meningiomas, 68.3% were WHO grade I,
26.8% grade II, and 4.9% grade III. Overall, the rate of grade
II and III tumors was higher than seen in sporadic cases of
meningioma [8]. Sometimes, features such as low tumor ADC
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values can suggest these higher grade meningiomas [10].
Aggressive meningiomas are also more common in patients
with a history of high-dose radiation. Treatment is similar to
that of sporadic meningiomas and varies depending on tumor
size, location, and multiplicity. Surgical resection is common-
ly employed for symptomatic meningiomas, and paradoxical-
ly, radiotherapy may be used as adjunctively [9].

Infiltrating glioma

Glioma is the second most common radiation-induced intra-
cranial tumor after meningioma. In one analysis of patients
treated with sellar radiation for pituitary adenomas, the rela-
tive risk of gliomawas 7.9 times higher than that of the normal

population [11]. The vast majority of radiation-induced glio-
mas are WHO grade III astrocytoma (anaplastic astrocytoma)
or grade IV astrocytoma (glioblastoma; Fig. 2) [12]. In a re-
view of 176 cases of radiation-induced glioma, Elsamadicy
and colleagues reported a 9-year median latency period, with
over 80% of cases occurring within 15 years of radiation [13].
As with meningioma, most radiation-induced gliomas oc-
curred in young adults who were children at the time of initial
radiation (Fig. 2).

Radiation-induced glioblastoma. A 30-year-old man with a
right cerebellar hemisphere glioblastoma approximately 20 years
after treatment of cerebellar medulloblastoma. Axial post-
contrast T1-weighted image (a) and FLAIR image (b) demon-
strate a ring-enhancingmass with surrounding T2 hyperintensity.

Fig. 1 Radiation-induced
meningioma. A 45-year-old man
with transtentorial WHO grade III
meningioma diagnosed approxi-
mately 40 years after radiation for
cerebellar medulloblastoma.
Coronal (a) and axial (b, c) post-
contrast T1WI show an avidly
enhancing dural-based extra-axial
mass (a–c, arrows) with internal
non-enhancing areas of necrosis.
Axial T2W images (e, d) demon-
strate hyperintensity in the adja-
cent brain parenchyma (d, e, ar-
rows) compatible with a combi-
nation of edema and invasion

Fig. 2 Radiaton-induced
glioblastoma
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Imaging findings of radiation-induced gliomas are sim-
ilar to those of sporadic tumors and depend on the specific
tumor type. Thus, while it is important to suggest the
diagnosis based on the appearance of a new, aggressive-
appearing tumor, biopsy is often ultimately necessary.
Median overall survival in this review was less than
1 year, which is worse than malignant glioma overall,
especially considering the relatively young age of the
radiation-induced malignancy patient population [14].

Radiation-induced cerebral cavernous
malformations

Cerebral cavernous malformations (CCM), variably referred
to as cavernomas, cavernous hemangiomas, and cavernous
angiomas, are benign vascular tumors with thin walls, dilated
capillary spaces, and no intervening brain tissue. Most CCMs
are congenital and can be either sporadic or familial (typically
autosomal dominant). The first publication suggesting a rela-
tionship between radiation and CCMs occurred in 1994 [15].
This association has subsequently become well-accepted. As
with meningioma and glioma, CCMs are more common in
patients irradiated in childhood. In an analysis of 59 consecu-
tive patients aged 21 years or younger treated for medulloblas-
toma with radiotherapy, Lew and colleagues reported CCM
development in 18 patients (26 lesions) over the follow-up
period, for cumulative incidences of lesion development of
5.6, 14, and 43% at 3, 5, and 10 years, respectively [16].
Only one patient developed symptoms requiring intervention.
Another retrospective review reported a cumulative incidence
of 3% (95% CI 1–8%) at 10 years after RT and 14% (95% CI
7–26%) at 15 years [17].

Imaging features of radiation-induced CCMs are indistin-
guishable from sporadic or familial cases. Findings include
circumferential and lobulated hypointensity of hemosiderin
(Fig. 3), sometimes with a heterogenous “mulberry” appear-
ance internally due to repeated hemorrhage. Blooming on sus-
ceptibility weighted imaging is characteristic. Of note, it is not
uncommon to see the brain parenchyma studded with multiple
CCMs. Importantly, small CCMs, which may appear as tiny
hypointense foci on susceptibility weighted images, may be
indistinguishable frommicrohemorrhages that are unrelated to
CCMs. Such microhemorrhages are also a known com-
plication of radiation therapy, occurring in up to 49% of
patients [18].

CCMs frequently do not require treatment but should be
monitored on serial imaging for interval growth or hemor-
rhage. Should they become symptomatic, surgical resection
can be considered. In such cases, it is important for radiolo-
gists to identify associated developmental venous anomalies,
which should be preserved to avoid venous infarct.

Enlarging perivascular spaces secondary
to radiation

Virchow-Robin or perivascular spaces are benign pial-lined
spaces that surround penetrating arteries and arterioles within
the brain parenchyma. Giant “tumefactive” perivascular
spaces within the basal ganglia or brainstem may be an inci-
dental finding [19]. These are generally stable on serial imag-
ing, enlarging only occasionally [20]. However, in patients
with a history of cranial radiation, multiple authors have re-
ported the development of progressively enlarging dilated
perivascular spaces within the radiation field but relatively
remote from the primary tumor site [21, 22]. The precise

Fig. 3 SMART syndrome and cavernous hemangioma. A 50-year-old
female with history of radiation treated cerebellar low-grade astrocytoma
at age 12 presenting with headache and left visual field symptoms. Axial
post-contrast T1-weighted image (a) and FLAIR image (b) demonstrate
cortical enhancement and hyperintensity of the right posterior occipital

lobe (arrowheads). The patient also developed a left posterior temporal
lobe cavernous hemangioma (arrows). The lesion displays intrinsic T1
hyperintensity (a), a T1/T2 hypointense rim (a, b), and marked
hypointensity on SWI (c) due to hemosiderin staining
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incidence of this phenomenon is not well known due to the
paucity of reported cases. Previous studies have also described
cystic changes at the margin of tumor sites following radia-
tion, which may represent a similar process [23–26]. Cyst
formation after stereotactic radiation to arteriovenous
malformations has also been described, though this is likely
a separate phenomenon [27].

Imaging features include T2 hyperintense, circumscribed
parenchymal lesions with suppression on FLAIR (Fig. 4).
Rarely, perilesional T2 hyperintensity may be seen.
Enlargement of these spaces after radiation therapy should
not be mistaken for a more sinister process. No treatment is
typically necessary for these benign, incidental lesions.

Radiation-induced Leukoencephalopathy

Radiation-induced leukoencephalopathy (RIL) is a rare but
life-threatening delayed complication of radiotherapy that
may develop months to years after cranial radiation [28].
RIL can range from mild forms with limited clinical effect to
a severe clinical syndrome characterized by confusion, mem-
ory decline, ataxia, and in rare cases death. The radiologic
manifestation of this condition is diffuse white matter abnor-
mality, the severity of which is often associated with clinical
severity of the syndrome. However, the degree of involvement
on imaging does not necessarily correlate to the severity of
imaging findings; for example, patients with extensive white
matter changes can have mild symptoms [29]. In advanced
stages, severe dementia and hydrocephalus may occur [30].

RIL is most commonly associated with whole-brain radiation
(WBRT); however, it has been reported in patients receiving
high-dose (30–40 Gy) radiosurgery to large volumes of the
brain [29, 31, 32]. The primary challenges in estimating RIL
incidence are that nonspecific white matter changes are com-
mon in most WBRT patients and that most patients requiring
WBRT have a median survival of less than 6 months, limiting
available data. Furthermore, additional patient comorbidities,
concurrent chemotherapy, tumor-associated neurologic decline,
and other risk factors complicate the picture [33]. Severe RIL,
typically defined by confusion, memory decline, ataxia, or
death, is estimated to occur in fewer than 5% of patients.

The pathophysiology of RIL is thought to be multifactorial
and related to vascular compromise, demyelination, and direct
neuronal damage [34]. However, the exactmechanism is unclear.
Histologically, involved regions demonstrate reactive glial pro-
cesses, demyelination, endothelial damage, and capillary occlu-
sion [35]. Age, hypertension, diabetes, and underlying
leukoaraiosis may all increase the risk of developing RIL lesions
[35]. While white matter changes are salient on imaging, it is
important to note that recent studies have also demonstrated gray
matter volume loss, as described in one study of patients who
underwent radiation therapy for glioma treatment [36].

On imaging, RIL is characterized by diffuse parenchymal
atrophy and extensive T2 FLAIR hyperintensity within the
cerebral white matter (Fig. 5), with preferential anterior in-
volvement and lack of focal lesions [37, 38]. Importantly,
parenchymal atrophy can occur as an independent sequela of
intracranial radiation therapy. Thus, atrophy in these patients
may be due to a combination of changes related to RIL and

Fig. 4 Enlarging perivascular spaces. Axial T1W post-contrast (left),
FLAIR (middle), and T2W (right) images of a 50-year-old man with
enlarging left basal ganglia perivascular spaces (arrows) 3 years (a–c)

and 6 years (d–f) after whole-brain radiation therapy for adult-onset me-
dulloblastoma. No enlarged perivascular spaces were present at the time
of initial diagnosis and treatment
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separate radiation-induced atrophy [28]. Early disease stages
may be limited to symmetric “capping” of the frontal and
occipital horns of the lateral ventricles, while advanced dis-
ease progresses to confluent abnormalities through the
periventricular, deep, and subcortical white matter.
Subcortical U-fibers are classically spared, as are the posterior
fossa, internal capsule, and basal ganglia [39, 40]. Involved
areas will appear hypoattenuating on CT. Intraparenchymal
cysts may be present in the minority of patients [28].
Communicating hydrocephalus, responsive to CSF shunting,
may also be occurred [41]. The precise mechanism for this
hydrocephalus is not known, but clinically, this compli-
cation resembles normal pressure hydrocephalus. It also
has a similar appearance to normal pressure hydroceph-
alus on imaging, with ventricular enlargement out of
proportion to cerebral atrophy [34].

Treatment of RIL patients can improve symptoms. A clin-
ical trial evaluating the prophylactic use of the N-methyl-D-
aspartate (NMDA) receptor antagonist memantine with
WBRT reduced neurocognitive decline, likely through re-
duced NMDA receptor stimulation [42].More recently, a clin-
ical trial evaluating hippocampal avoidance during WBRT,
with a goal of reducing irradiation of neural stem cells within
the subgranular zone of the hippocampus, demonstrated less
neurocognitive decline than patients with standard WBRT
without hippocampal avoidance [43]. While memantine
use and hippocampal avoidance techniques during
WBRT reduced neurocognitive decline, it is unclear
what impact this will have on RIL risk.

Stroke-like migraine after radiation therapy

The syndrome of stroke-like migraine after radiation therapy
(SMART syndrome) is a recently recognized late complication
of RT of uncertain pathophysiology [44, 45]. As the name sug-
gests, SMART occurs in patients with a history of RT, often a
decade or more after treatment, and manifests with prodromal
symptoms of migraine followed by focal neurological deficits.
The incidence of SMART syndrome is difficult to estimate, as it
is an exceedingly rare entity with a very limited number of re-
ported cases. Still, this diagnosis can be suggested on imaging
due to its classic features on MR. The characteristic MR mani-
festation of SMART is striking gyriform cortical enhancement in
the region corresponding to the clinical deficit (Fig. 3). Though
initial reports regarding SMART suggested that the clinical man-
ifestations were reversible, it is now known that a subpopulation
of patients develop cortical laminar necrosis and subsequent ir-
reversible neurological deficits [46]. The spectrum of disease has
further expanded to include other episodic late-radiation compli-
cations with associated cerebral enhancement such as acute late-
onset encephalopathy after RT and peri-ictal pseudoprogression
[47]. Fortunately, SMART syndrome is often self-limiting, with
treatment usually being centered on management of symptoms.

Radiation-induced moyamoya

Radiation-induced vasculopathy is a well-recognized late com-
plication of RT which can occur in any vascular bed. The most
commonly reported sites include the carotid, coronary, and pe-
ripheral arteries [48]. However, intracranial radiation-induced
vasculopathies can also occur. For example, cranial telangiectasia
occurred in 20% of patients after radiation therapy in one study
[49]. Radiation-induced intracranial aneurysms were seen in
1.8% of patients in another study [50]. Mild vascular injury from
radiation may lead to lacunar infarcts, with one study finding a
higher incidence of pediatric brain tumor patients developing
such infarcts when treated with radiation [49]. However, perhaps
themost profound intracranial manifestation of radiation-induced
vasculopathy, particularly from an imaging standpoint, is
moyamoya syndrome. A large retrospective study of children
who had undergone cranial irradiation for primary brain tumors
found that 3.5% developed evidence of moyamoya, and risk
factors for the disease included younger age at time of radiation,
higher doses to the optic chiasm, and neurofibromatosis type 1
[51]. In a review of 54 patients with radiation-induced
moyamoya, the majority were children, but 4.2% were over
40 years of age at the time of radiation [52]. Median time from
radiation to moyamoya diagnosis was 40 months. The most
common primary tumor was low-grade glioma in 37 patients
(69%), of which 29 (54% overall) were optic pathway gliomas
and 26% of patients were diagnosed with neurofibromatosis type

Fig. 5 Radiation-induced leukoencephalopathy. A 65-year-old female
with breast cancer status post WBRT for central nervous system metas-
tases. Axial FLAIR image (a) demonstrates diffuse cerebral volume loss
with confluent T2 hyperintense signal throughout the white matter. Note
the characteristic sparing of the subcortical U-fibers (arrow)
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1. Moyamoya has also more specifically been seen following
proton beam radiotherapy [53].

Radiation-induced moyamoya imaging features are similar
to the sporadic form of the disease. Conventional and cross-
sectional angiographic imaging show steno-occlusive changes
in the internal carotid arteries and circle of Willis with small
collateral vessels (Fig. 6). MR may show acute or chronic
infarctions and secondary findings like the “ivy sign” on
post-contrast T1-weighted or FLAIR images indicating slow
flow in leptomeningeal vessels. Treatment depends on the
extent of disease, but anastomotic bypass of the affected ves-
sels may be considered [48].

Radiation necrosis

Radiation necrosis (RN) is a possible delayed consequence
after RT to either intracranial or head and neck tumors that
may occur a few months to many years after radiotherapy
completion [54, 55]. The incidence of RN is difficult to esti-
mate but is likely in the range of 5–25% [56]. Symptoms
mimic those of tumor recurrence and include headache, fa-
tigue, nausea, weakness, neurologic deficits, and somnolence.
Symptoms are usually mild, but in rare cases, RN may be
severe enough to result in death [12].

Two major hypotheses have been posited to explain the path-
ogenesis of RN. The first is that RN arises from regional vascular
injury, with a cascade of insults leading to small vessel necrosis
and subsequent cell death. The second centers around glial cell
damage, resulting in hypoxia and demyelination. Both vascular
and glial cell damage induce vascular endothelial growth factor
production and upregulation of inflammatory markers. These
changes disrupt the blood-brain barrier, which may explain the
observed edema and contrast enhancement [56].

Imaging characteristics of RN have been extensively de-
scribed. The typical appearance is a lesional, or mass-like abnor-
mality with central necrosis, often with internal cysts and associ-
ated mass effect. Enhancement is nearly always present and has
been described as resembling “Swiss cheese” or “soap bubble.”
These characterizations describe foci of enhancement intermixed
with necrosiswithin the core; whereas a “spreadingwavefront” is
used to describe the feathery and ill-defined periphery (Fig. 7)
[57, 58]. Irregular, linear areas of T1 shortening are observed in
the majority of cases and may represent blood products or calci-
fication associated with radiation-induced mineralizing
angiopathy [58]. RN can also be seen in conjunction with other
sequelae of radiation therapy. One report described a patient who
developed RN and hypertrophic olivary degeneration following
surgical resection of a posterior fossa tumor and radiation treat-
ment, with radiation potentially contributing to both findings
[59]. The co-occurrence of multiple sequelae of radiation can
help corroborate a diagnosis of RN.

Due to multiple overlapping imaging features, however,
RN is notoriously difficult to distinguish from tumor recur-
rence. It is usually located near the primary tumor site, en-
hances, and may grow over time. Furthermore, none of the
aforementioned enhancement patterns are able to reliably dif-
ferentiate necrosis from tumor [60]. Perfusion imaging is often
employed to distinguish between these entities, as RN tends to
have lower relative cerebral blood volume (rCBV) than re-
current tumors. This is likely because recurrent or progres-
sive tumor tends to exhibit neovascularity, which elevates
rCBV. One recent study found that with modern MRI per-
fusion techniques, patients with tumor recurrence had a sta-
tistically significant elevated rCBV compared with patients
with radiation necrosis [61]. PET imaging will similarly
show FDG uptake in areas of tumor recurrence, while ne-
crosis is hypometabolic [62]. Calculation of the lesion quo-
tient, too, may be done, in which the area of an intralesional

Fig. 6 Radiation-induced moyamoya. A 3-year-old male presenting with
a third ventricular primitive neuroectodermal tumor (a), treated with re-
section and radiation to 5400 cGy. MRA performed 6 years later (b)
shows narrowing of the distal right ICA and near-occlusion of the right

M1 segment (arrow). Catheter angiogram (c) performed shortly thereafter
demonstrates right M1 near-occlusion (arrow) and shows several small
collateral moyamoya vessels and robust leptomeningeal collaterals from
the anterior cerebral artery territory to the middle cerebral artery territory
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T2 hypointense nodule is divided by the total enhancing
region. Lesion quotient values of ≤ 0.3 and ≥ 0.6 suggest
RN and recurrent tumor, respectively, though these have
not been validated as reliable markers [63, 64]. Finally,
intralesional diffusion restriction is sometimes used to eval-
uate treatment response. Studies regarding the effectiveness
of diffusion-weighted imaging have previously been con-
tradictory: low ADC values have been shown to represent
recurrent tumor, coagulative necrosis, or a combination of
both [65–67]. However, recent studies have suggested that
diffusion imaging combined with arterial spin labeling or
perfusion imaging may be effective in discriminating tumor
from RN. Overall, RN remains a challenging mimicker for
recurrent tumor that can sometimes, though not always be
differentiated from tumor [68, 69].

Radiation-induced labyrinthitis

Radiation-induced labyrinthitis refers to injury to the lab-
yrinth in an irradiated field, believed to be mediated by

microvascular ischemic changes which can occur in a de-
layed fashion. One study reported radiation-induced
labyrinthitis at a mean of 12 years after treatment [70],
while hearing deterioration has been shown to begin as
early as 3 months following completion of RT [71].
Patients with head and neck cancers treated with radiation
have been shown to have a higher incidence of hearing
loss and greater debility from that loss [72]. Radiographs
and CT are typically unremarkable; however, at MRI, co-
chlear enhancement may be observed, potentially extend-
ing to the internal auditory canal fundus (Fig. 8). Anti-
inflammatory medications have shown benefit in treat-
ment, with 9 of 15 patients showing some recovery of
hearing following treatment in one study [70].

Radiation-induced optic neuropathy

Radiation-induced optic neuropathy (RION) is an uncommon
but devastating form of delayed radionecrosis (Fig. 9). A 3-
month to 9-year range of latency has been reported, with most

Fig. 7 Radiation necrosis. A 63-
year-old male with a history of
glioblastoma status-post-resection
and subsequent chemoradiation
therapy. Axial (a) and coronal (b)
T1W post-contrast images dem-
onstrate “soap bubble” type en-
hancement within the treatment
bed, consistent with presumed ra-
diation necrosis (arrows)

Fig. 8 Radiation-induced labyrinthitis. A 55-year-old male with a history
of metastatic lung adenocarcinoma treated with two cycles of WBRT
presenting with worsening left-sided hearing loss. Axial post-contrast
fat-saturated T1-weighted images (a, b) demonstrate enhancement within

the fundus of both internal auditory canals (arrows in a) and diffuse left-
sided intra-cochlear enhancement (arrow in b) new from an MRI per-
formed 3 months prior (not shown)
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events occurring 10–20 months after radiation exposure.
Patients commonly present with rapid onset of painless vision
loss which is severe and irreversible, but transient episodes of
visual disturbance or loss in the weeks prior to complete visual
loss may occur. The pathogenesis of RION is thought to be
related to chronic microvascular and glial damage of the optic
tracts [73, 74]. Predisposing factors include prior radiation,
concurrent chemotherapy, optic nerve compression, hyperten-
sion, and smoking [75, 76].

Most commonly, RION is reported in patients with treat-
ment directed towards anterior or skull base brain tumors or
those of the nasopharynx and paranasal sinuses, as high-dose
radiation is directed immediately adjacent to the optic path-
ways. The risk of RION with conventionally fractionated ra-
diation is thought to be “near zero” and “unusual” with optic
apparatus doses below 50 Gy or between 50 and 55 Gy, re-
spectively. As doses exceed 60 Gy, the risk likewise increases
with estimates between 8 and 20% [77]. In the setting of
single-fraction radiosurgery, doses of up to 12 Gy are consid-
ered safe with low potential for RION. While these are best
estimates from the general population, some patients may de-
velop RION despite exposure to doses below these “safe”
thresholds [75].

Imaging findings of RION include enlargement, T2
hyperintensity, and enhancement of any portion of the
optic nerves. While these findings are not readily dis-
tinguishable from other causes of optic neuritis, the his-
tory of radiotherapy and selective involvement of the
radiation field can be helpful in making this diagnosis.
Treatment remains incompletely understood, but some
studies have found bevacizumab to provide benefit [78].

Radiation-induced retinopathy

Radiation-induced retinopathy is a rare yet disabling complica-
tion related to ocular irradiation. Unlike the previously men-
tioned entities, radiation-induced retinopathy is usually occult
on imaging. Nonetheless, it can present similarly to RION clin-
ically and the two can be challenging to distinguish. Radiation-
induced retinopathy, like RION, is seen in patients with visual
acuity changes in the setting of past anterior cranial irradiation.
The presence of comorbidities such as uncontrolled diabetes
and hypertension increases the radiation retinopathy risk. In
contrast to RION, retinopathy does not have a radiographic
correlate but it can be directly visualized through fundoscopic
evaluation, making diagnostic certainty more evident.

In contrast to RION, patients with radiation-induced retinop-
athy typically present with slow and gradual visual loss [79, 80].
Latency of radiation retinopathy is reported from 2 months to
more than a decade after RT, with most cases occurring between
6 months and 3 years [81, 82]. Vasculopathy develops from
endothelial insult leading to a proliferative response frommigrat-
ing adjacent endothelial cells. Ultimately, the clotting cascade is
activated resulting in telangiectasia, hemorrhage, retinal andmac-
ular edema, microaneurysms, and cotton-wool spots, which may
be seen on fundoscopic examination.

The incidence of radiation-induced retinopathy is unclear but
the condition is quite rare. Usually, retinopathy is not uniquely
collected as a toxicity in most clinical trials, and the majority of
data are limited to case reports. Radiation-induced retinopathy is
uncommonwithmaximal doses of 45 to 50Gywith convention-
ally fractionated radiation and up to 24Gy of small volume in the
setting of single-fraction radiosurgery [83–88].

Fig. 9 Radiation-induced optic neuropathy. A 72-year-old woman
14 months after receiving 54 Gy fractionated radiation for a left clinoid
meningioma. Axial (a) and coronal (b) post-contrast T1-weighted images

demonstrate optic nerve gadolinium enhancement (arrows) and associat-
ed T2 hyperintensity (c, arrows)
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Conclusion

We have reviewed numerous complications of intracranial
radiation therapy, the majority of which can be detected on
imaging. Fortunately, radiation-related neurotoxicity has
been declining due to advances in radiation technology
and techniques that limit high-dose radiation exposure to
adjacent normal tissues. However, a strong understanding
of potential complications is necessary for radiologists to
appropriately interpret imaging in the setting of prior RT.
Although imaging findings of radiation-induced pathology
are not always unique, careful attention to clinical history
and knowledge of these complications can allow one to
suggest these diagnoses.
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