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Stroke‑like migraine attacks after radiation therapy (SMART) syndrome is a rare, reversible phenomenon that occurs several
years after radiotherapy in patients treated for intracranial neoplastic lesions. Patients typically present with symptoms of
headache, seizures, and other focal neurologic deficits concerning for stroke or disease recurrence. In this report, we describe
SMART syndrome in a 70‑year‑old male who developed a persistent right temporal headache, right‑sided neck pain, and
new‑onset seizures 12 years after surgical resection of a temporal anaplastic ependymoma followed by irradiation. We present
this case to highlight typical disease presentation, imaging characteristics, and important differential radiologic considerations.
Recognition of this delayed complication of brain tumor radiation is paramount given its self‑limited course and favorable
response to conservative therapy and to avoid misinterpreting imaging findings as tumor recurrence.
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INTRODUCTION
Stroke‑like migraine attacks after radiation therapy (SMART) syndrome was first reported in four children
with brain tumors who presented with unilateral headaches along with other neurological deficits 1–2 years
after receiving whole‑brain radiation.[1] Since then, other reports have described presentations including
seizures and stroke‑like episodes such as hemiplegia, aphasia, hemianopia, and migraine symptoms.[2] The
occurrence has been reported as delayed as 35 years following high‑dose brain irradiation of generally >50
Gy and has been reported in twice as many males as females.[3,4] Despite its worrisome presentation and
challenging diagnosis, most patients with SMART syndrome improve clinically within 2 months on average
along with reversal of their radiological findings.[5] In this report, we present a case of SMART syndrome
with characteristic clinical and radiological findings, with an improvement of symptoms after 9 days of
dexamethasone administration.

CASE REPORT
A 70‑year‑old man with a history of treated right temporal anaplastic ependymoma 12 years prior
presented with seizures, progressive right‑sided headache, and neck pain. Hospital records from his cancer
institution revealed that the patient’s neuro‑oncology therapies included surgical resection, neoadjuvant
chemotherapy, and brain irradiation. His spouse noted that he was previously stable for the past decade
following completion of his therapy until his symptoms developed during the past week. On physical
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examination, no new focal neurological deficits were elicited
other than his stable hearing loss and baseline left superior
quadrantanopia. Initial laboratory results were all unremarkable.
Routine cerebrospinal fluid studies were within normal limits
including cytology and viral tests (West Nile virus, enterovirus,
and HSV 1 and 2).

stroke).[9] Emphasis is typically laid upon the reversibility of not
only the clinical symptoms of SMART but also the radiological
findings. The radiologic hallmark of SMART syndrome is
increased T2 hyperintensity in the previously radiated location
and gyral enhancement in the same region evident within 1 week
of neurological symptoms.[7]

Computed tomography imaging demonstrated chronic
right‑sided postsurgical changes, without evidence of intracranial
hemorrhage, mass effect, or large territorial infarcts. Magnetic
resonance imaging (MRI) revealed right‑sided temporal and
insular fluid‑attenuated inversion recovery (FLAIR)‑hyperintense
signal abnormalities with associated gyriform enhancement. No
corresponding diffusion restriction or increased perfusion was
identified on diffusion‑weighted imaging or perfusion imaging,
respectively [Figure 1]. Magnetic resonance angiography and
magnetic resonance venography studies did not demonstrate
flow‑limiting stenoses or occlusion.

DISCUSSION

The radiological differential for T2/FLAIR hyperintensities
in the setting of cancer history includes disease recurrence.
However, increased perfusion in the affected area and persistent
of the abnormal signal on a short‑term follow‑up study can help
distinguish tumor from SMART syndrome. Another consideration
in patients presenting with SMART syndrome is a recent infarct.
Depending on when the patient presents, diffusion restriction may
not be reliable if the timing overlaps with a subacute or chronic stroke
timeframe. The lack of a vascular territory and the clinical history
can be helpful, but ultimately the resolution of the presenting deficits
would rule out this diagnosis. It is important to note, however, that
while reversibility of symptoms is the general rule for patients with
SMART syndrome, a case series by Black et al., demonstrated that
45% of their patient cohort had incomplete neurologic recovery
unlike previous reports.[2] Another consideration is peri‑ictal
pseudoprogression which can demonstrate similar MRI findings,
although the concomitant seizure presentation, epileptiform
pattern on electroencephalography, and generally increased
perfusion on MRI can distinguish this diagnosis.[10,11] Finally,
patients with SMART syndrome often raise suspicion for PRES,
particularly when findings occur in a posterior distribution, have
the common headache presentation, and typical reversibility. The
unilateral distribution of findings and clinical context typically
favors SMART syndrome, although it should be noted that up to
12% of patients with PRES present with unilateral MRI findings.[12]

SMART syndrome is a rare neurologic complication that appears
months to years after radiotherapy of intracranial neoplasms with
unilateral headache and possibly along with other symptoms such
as nausea, vomiting, hemiparesis, and seizures.[6] Although the
pathophysiology of SMART syndrome is not clearly understood,
radiation‑induced damage of endothelial cells is proposed to be
the initial insult,[7] with some considering the pathogenesis similar
to posterior reversible encephalopathy syndrome (PRES) due to
the insult leading to blood–brain barrier malfunction seen with
some vasculopathies.[8] SMART syndrome is usually self‑limited;
therefore, invasive testing such as angiography or biopsy is not
recommended and may even be harmful.[6]

With improved survival trends in patients with brain neoplasms
and established role of radiation therapy, awareness and early
recognition of SMART syndrome are paramount to spare patients
from undergoing invasive interventions such as biopsies or
unnecessary chemotherapy. The prognosis is overall favorable
with most patients recovering completely within an average of
2 months.[5] While there is no established treatment protocol
for this rare, novel entity, corticosteroids have shown promising
results in described cases.[13] Other treatment strategies such as
antiplatelet agents, propranolol, and verapamil have been used for
treatment with unknown utility, while early antiepileptic therapy
for seizure control is beneficial and recommended.[14]

Although there are no established diagnostic criteria for SMART
syndrome, the diagnosis is generally made in the setting
of (a) history of brain irradiation for cancer, (b) prolonged,
reversible symptoms, migraine, seizures, hemiparesis, or other
neurological symptoms, (c) characteristic, reversible MRI findings
of gadolinium enhancement with abnormal T2 and FLAIR‑signal
of the previously treated location, (d) eventual complete or partial
recovery, (e) lack of evidence of residual or recurrent tumor,
and (f) lack of other attributable causes to other diseases (e.g.,

CONCLUSION

Given the clinical presentation and imaging findings, the differential
diagnosis included focal cerebritis due to an inflammatory or
infectious etiology, tumor progression, and SMART syndrome.
The patient was treated with antiepileptics as well as a trial of
steroid therapy. The patient’s symptoms resolved within 10 days,
and repeat imaging demonstrated significant improvement
in the FLAIR‑signal and gyriform enhancement [Figure 1].
A diagnosis of SMART syndrome was established based on the
clinical presentation, imaging findings, and reversal of symptoms
sparing the patient invasive testing such as biopsy and aggressive
chemotherapeutic agents.
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This report draws attention to the rare but potentially mis‑ and
under‑diagnosed occurrence of SMART syndrome as delayed
complication of brain tumor irradiation. It often presents as a
diagnostic challenge, but accurate and early diagnosis is key in
guiding appropriate treatment and optimal clinical outcomes.
In addition to suggestive imaging clues such as T2‑hyperinsities
and gyriform enhancement, the total clinical picture including
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Figure 1: Brain magnetic resonance imaging demonstrating characteristic findings of stroke‑like migraine attacks after radiation therapy syndrome.
(a) Fluid‑attenuated inversion recovery image demonstrates insular and temporal T2 hyperintensities near the site of prior radiated tumor, with
corresponding gyriform enhancement on postcontrast T1‑weighted axial image (b) and expected lack of abnormalities noted on diffusion‑weighted
(c) and perfusion (d) images. Posttherapy imaging at 10 days demonstrates improved signal abnormalities on (e) fluid‑attenuated inversion recovery and
reduced enhancement on (f) postcontrast T1‑weighted sequences.

headache symptoms, history of radiation, and potential responsive
to short‑term conservative therapy with follow‑up should be
considered when evaluating a patient for SMART syndrome.
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