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Atypical imaging findings of presumed stroke-like migraine attacks
after radiation therapy syndrome in the brainstem
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Abstract
The authors present an atypical case of presumed stroke-like migraine attacks after radiation therapy (SMART) syndrome in the
brainstem. A 29-year-old male, who had been treated with resection and subsequent craniospinal radiation for posterior fossa
medulloblastoma 21 years before, presented with subacute progressive left hemiparesis evolving over 4 days. Hematological
findings, cerebrospinal fluid (CSF), and electroencephalogram (EEG) were unremarkable. Magnetic resonance imaging (MRI)
showed a round area of hyperintense FLAIR signal centered within the pons associated with central restricted diffusion,
peripheral enhancement, and small paramagnetic low susceptibility signal foci consistent with petechial hemorrhage. Positron
emission tomography (PET), perfusion MRI, and MR spectroscopy revealed no evidence of tumor recurrence. The diagnosis of
SMART syndrome is presumed from the conventional and advanced imaging findings, clinical history, and clinical course.
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Introduction

Stroke-like migraine attacks after radiation therapy (SMART)
syndrome is a rare delayed complication of whole brain irra-
diation, craniospinal irradiation, or selective radiosurgery. It
has been reported that SMART syndrome occurs 10 years
after initial radiation therapy or later and is accompanied with
seizures or focal neurologic deficits in conjunction or not with
migraine attacks [1–4]. Focal neurologic deficits are typically
subacute in onset and may involve hemianopsia, hemiplegia,
aphasia, facial drop, or visual loss. Symptoms resolve after
weeks in many cases but can sometimes persist, with incom-
plete resolution [1, 2].

The characteristic MR imaging findings include reversible
unilateral gyriform abnormal T2 and FLAIR signal with mass
effect, and cortical enhancement reminiscent of subacute in-
farction, but not consistent with vascular distribution [2].

Other reported MRI features are cortical SWI blooming and
leptomeningeal enhancement. In this article, we present a case
with a novel imaging feature of SMART syndrome with pon-
tine involvement.

Case presentation

A 29-year-old male presented with subacute progressive left
hemiparesis evolving over 4 days. He had a history of poste-
rior fossa medulloblastoma that was resected and treated with
craniospinal radiation with posterior fossa boost to 55.4 Gy
and adjuvant chemotherapy with lomustine, cisplatinum, and
vincristine 21 years before. The patient did not have any epi-
sode of migraine. Hematological findings, cerebrospinal fluid
(CSF) analysis, and electroencephalogram (EEG) were unre-
markable. Myelin basic protein (MBP) was not assessed.

Brain MRI demonstrated a round area of hyperintense
FLAIR signal centered within the pons associated with central
restricted diffusion, peripheral enhancement, and small para-
magnetic low susceptibility signal foci consistent with pete-
chial hemorrhage (Fig. 1a–e). There was no abnormal DWI
signal intensity at the level of the basal ganglia or hemispheric
white matter (Fig. 1f). The lesion displayed a combination of
central restricted diffusion consistent with cytotoxic edema
outlined by rim contrast enhancement and surrounding
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vasogenic edema. FDG-PET-CT showed reduced metabolic
activity in the lesion, and no FDG avid lesions in the whole
body (Fig. 1g). Dynamic susceptibility contrast (DSC) MR
perfusion imaging showed slight increase of relative cerebral
blood volume (rCBV) in the periphery of the lesion with cen-
trally reduced value (Fig. 1h). MR spectroscopy revealed re-
duced N-acetyl-aspartate (NAA) signal, lack of choline signal
increase, and lipid and lactate resonances consistent with an-
aerobic metabolism and necrosis (Fig. 1i).

After 5 days of 10 mg of dexamethasone, the left-sided
weakness improved, and he was discharged. He was later
treated with 4 doses of bevacizumab. At 13-month imaging
follow-up, MRI demonstrated resolution of vasogenic edema,

almost complete resolution of enhancement with a residual
small focus of T1 shortening with restricted DWI, associated
with peripheral hypo-intensity on SWI which on phase image
represented diamagnetic effect, likely from bevacizumab-
related coagulation necrosis (Fig. 2a–e). There was another
low signal focus on SWI at the right pontomesencephalic
junction consistent with cavernoma, stable across multiple
scans (Fig. 2f).

Clinical follow-up revealed substantial improvement in
hemiparesis with physical therapy, although he was not fully
back to baseline. At 20-month imaging follow-up, MRI
showed a further smaller focus of T1 shortening and restricted
diffusion (Fig. 2g–i).

Fig. 1 (a, b) MRI shows FLAIR hyperintense lesion associated with
peripheral enhancement in the pons. (c, d) DWI and ADC map show
restricted diffusion in the lesion. (e) Susceptibility-weighted image
shows peripheral hypo-intensity. (f) DWI at the level of the basal
ganglia shows no abnormal signal. (g) PET-CT shows low metabolic

activity in the lesion. (h) rCBV shows slight increase in the peripheral
area with low central value. (i) PRESSMR spectroscopy voxel of 15 × 15
× 15 mm3 is placed in the lesion, and spectral curve at TE 135 ms shows
reduced NAA signal with no increased choline and large lipid peak
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Discussion

SMART syndrome is a known rare, but benign radiation-
induced complication. Diagnostic criteria include the follow-
ing: (1) remote history of cranial radiation; (2) prolonged,
reversible unilateral cortical signs and symptoms beginning
years after radiation with manifestations including visuo-
spatial deficit, confusion, hemiparesis, aphasia, seizures, and
headaches with migraine attacks with or without aura; (3)
transient, diffuse, unilateral cortical gray matter enhancement
sparing white matter; and (4) not attributed to any other dis-
order [3].

Brain MRI displays hyperintense cortical T2 and
FLAIR signal with gyriform enhancement, reminiscent
of a subacute infarction [1, 2]. SMART syndrome is not
related to a particular tumor and has been reported after
focal or whole brain radiation. The onset of symptoms
varies from 1 to 37 years after completion of radiation

therapy with doses of 50 Gy or more [2, 4]. There is no
specific treatment for SMART syndrome, but steroids and
anti-epileptic drugs have been clinically used [5]. One
study showed that 45% of cases had an incomplete recov-
ery with permanent imaging sequelae [2]. The pathophys-
iology of SMART syndrome is postulated to be vasculop-
athy, endothelial dysfunction, or energy failure, but histo-
pathology has showed no specific findings [2, 5, 6].
Blood tests are usually unremarkable. CSF testing is usu-
ally normal or may demonstrate a mild CSF pleocytosis
with elevated CSF protein. EEG may demonstrate slowing
or epileptiform features [2]. A migraine-like headache is
common, but not universal. Apart from gyriform enhance-
ment, cortical DWI restriction in the acute lesion and SWI
hypo-intensity within the periventricular white matter,
which is related to radiation-induced cavernous hemangi-
omas, were reported [4, 7]. The later was also observed in
this case, which presented a stable cavernoma in the right

Fig. 2 Thirteen-month imaging follow-up of (a) DWI, (b) ADC map, (c)
T1WI, and (d) FLAIR shows small residual restricted diffusion and
resolved vasogenic edema. (e) SWI shows peripheral hypo-intensity,
likely due to coagulation necrosis. (f) There was another low signal

focus on SWI at the right pontomesencephalic junction consistent with
cavernoma. Twenty-month imaging follow-up of (g) DWI, (h) ADC, and
(i) T1WI shows a smaller focus of T1 shortening and restricted diffusion
in the central pons
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aspect of the tectum. Other findings include hypermetab-
olism on F-18-FDG PET-CT, increased cerebral blood
flow and cerebral blood volume at the acute lesion in
CT and MR perfusion, and decreased NAA/creatine ratio
and slightly increased choline peak in the lesion in proton
MR spectroscopy [8–11]. However, almost all imaging
findings are based on case reports or small case series
because of the rarity of the condition.

The main differential diagnoses of SMART syndrome
include tumor recurrence, acute perforator infarct, sub-
acute lacunar infarct from pontine perforator branches,
radiation necrosis, or postictal changes. It may be possible
to differentiate SMART syndrome from these other enti-
ties based on clinical history, clinical course, and imaging
findings. It is particularly important to exclude tumor re-
currence, which was considered the main concern in the
present case given patient’s history of posterior fossa me-
dulloblastoma. FDG-PET-CT, MR spectroscopy, DSC-
MRI, and lumbar puncture can help to differentiate
SMART syndrome from tumor recurrence. Acute perfora-
tor infarct can be ruled out based on the lesion shape,
enhancement pattern, association with vasogenic edema,
and ADC time course with no evidence of ADC normal-
ization on 13- and 20-month follow-up MRIs. Moreover,
clinical course in combination with the imaging findings
can help to rule out subacute lacunar infarct from pontine
perforator branches given the non-ictal clinical onset.

Radiation necrosis usually occurs within the first 2 years
but can be seen later as well, and patients with the condition
have a more protracted course, with often incomplete recov-
ery. Radiation necrosis in this case is unlikely, given the very
delayed presentation of 21 years after radiation and subse-
quent quick improvement.

Our case displayed a combination of central cytotoxic
edema, outlined by a contrast enhancing rim, and sur-
rounding vasogenic edema. On 13-month follow up,
along with substantial clinical improvement, there was
resolution of the vasogenic edema and contrast enhance-
ment with a small residual focus of restricted diffusion,
which could represent coagulative necrosis associated
with treatment of bevacizumab. From the imaging point
of view, other differential diagnoses include acute
leukoencephalopathy [12], rhombencephalitis, and demy-
elinating disease. These can involve the brainstem but
were less likely in this present case given no recent
history of chemotherapy or toxic agent exposure and
no evidence of infection, autoimmune disease, or new
malignancy.

We postulate that the pontine finding is a delayed
complication of radiation therapy to the posterior fossa
within the spectrum of SMART syndrome, secondary to
energy metabolic derangement leading to cytotoxic
edema.

Clinicians and radiologists should be aware that SMART
syndrome has various clinical manifestations and imaging
findings and can be associatedwith a pontine lesion in patients
who received radiation to the posterior fossa.
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