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Abstract 

Stroke-like migraine attacks after radiation therapy (SMART) syndrome is a rare late complica-

tion of brain irradiation. Patients commonly present recurrent attacks of headaches, seizures, 

and paroxysmal focal neurological deficits including aphasia, negligence, or hemianopsia. We 

report a 41-year-old male patient admitted to our emergency room with a reduced level of 

consciousness and global aphasia. One month prior to admission, he started with frequent 

headache attacks of moderate intensity and paroxysmal behavioral alterations, advancing to 

confusion, gait instability, language impairment, and somnolence. He had a history of medul-

loblastoma treated with surgical resection followed by craniospinal irradiation 21 years before 

symptom onset. After excluding more frequent causes for the patient’s symptoms along with 

a suggestive image pattern, we started treatment for SMART syndrome with high-dose corti-

costeroid and calcium channel blocker verapamil. The patient gradually improved his level of 

consciousness and recovered from aphasia and gait instability without new seizures or neuro-

psychiatric symptoms. Follow-up brain magnetic resonance imaging showed resolution of the 

typical findings. This case displays a successful clinical evolution of a patient treated for SMART 
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syndrome in which identification of previous radiation treatment, exclusion of other etiologies, 

and prompt treatment institution were key for effectively tackling this disease. 

 © 2021 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Stroke-like migraine attacks following radiation therapy (SMART) is a rare syndrome that 
may appear as a late complication of brain radiotherapy [1]. There are about 100 cases of 
SMART syndrome reported in the literature since it was first described in 1995 [2]. The usual 
presentation consists of recurrent headache attacks associated with seizures and paroxysmal 
focal neurological deficits (e.g., aphasia, hemianopsia, and negligence), usually regarded as re-
versible or partially reversible [3–6]. A typical magnetic resonance imaging (MRI) pattern of 
SMART presents transient unilateral cortical gadolinium enhancement, increased T2 signal 
within temporal, parietal, and occipital cortices, with no restriction on diffusion-weighted im-
aging [4] and both hyper- and hypoperfusion reversible hemispheric abnormalities [7, 8]. 

We report the case of a patient with SMART syndrome with typical clinical and imaging 
features who was treated with corticosteroids and verapamil, showing fast resolution of 
symptoms. There is no clear consensus regarding effective treatment approaches to SMART; 
however, there are reports of patients with partial or complete recovery of symptoms after 
pulse therapy with corticosteroids [9]. There may also be a role for calcium channel blockers 
as an adjuvant drug [9]. 

Case Report 

A 41-year-old man started with migraine-like attacks and behavioral changes that 
evolved in a few weeks to confusion and gait instability. After 30 days of the initial symptoms, 
he was brought to the emergency room when he presented a reduced level of consciousness 
and global aphasia. At admission, physical examination revealed an aphasic and stuporous 
patient in postictal state; there were no motor deficits or meningism. Vital signs were within 
the normal range. The patient had a history of desmoplastic medulloblastoma in his right cer-
ebellar hemisphere at age of 20. The lesion was treated with right occipital craniotomy resec-
tion followed by a 56 Gy two-dimensional cranial radiation therapy (36 Gy/18 fractions in the 
whole brain and 20 Gy/10 fractions in the posterior cranial fossa). The spinal cord was also 
irradiated with 30 Gy in 20 fractions. He had no other chronic diseases, no history of seizures, 
or ischemic cerebrovascular events. 

At the neurology ward, the patient underwent a brain MRI that revealed new and promi-
nent left hemisphere gyriform contrast enhancement associated with increased T2 and FLAIR 
signal involving predominantly the left occipital and temporal lobes (Fig. 1). MRI also showed 
small areas of restricted diffusion within the left occipital lobe, compatible with subacute in-
farction. Cerebrospinal fluid analysis showed only a slight increase in proteins (71 mg/dL). 
Electroencephalogram showed disorganized rhythms, without epileptiform discharges or pe-
riodic activity. Four-vessel angiography showed no vascular lesions. 

The patient initially received carbamazepine (800 mg/day) for seizures, remaining free 
from new spells after recurrent seizures in the first few days of hospitalization. Intravenous 
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methylprednisolone (1,000 mg/day for 5 days, with tapering schedule with prednisone) and 
verapamil (160 mg/day) were administered with fast recovery of consciousness and gait ab-
normalities. After corticosteroid therapy, aphasia had almost completely remitted, and he re-
ported no headache crises. At follow-up, the patient remained with mild language impairment, 
his new MRI after 7 months showed resolution of previous abnormalities (Fig. 2), and the new 
electroencephalogram normalized. 

Discussion/Conclusion 

We report a patient that fulfilled the criteria for SMART syndrome [10] and was success-
fully treated with pulse corticosteroid therapy and calcium channel blocker. He partially re-
covered from his symptoms, rapidly remitting from his altered level of consciousness, head-
ache attacks, and global aphasia. 

SMART is a rare syndrome with just about 100 cases reported in the literature [2]. A high 
index of suspicion is necessary to make the diagnosis and a history of brain radiation (even in 
the remote past) is fundamental in this regard. Doses higher than 50 Gy of radiation are asso-
ciated with SMART [6], but lower radiation regimens have also been reported to cause symp-
toms [11]. MRI studies are important to exclude other more common etiologies and identify 
gyriform contrast enhancement usually found in this syndrome. Our patient had typical man-
ifestations, clinical course, and response to treatment. Most cases reported in the literature 
had complete recovery, but about 15% exhibited permanent sequelae in a large case series 
[2]. 

Corticosteroid is the most frequently used drug, although no controlled study has been 
conducted so far due to the rarity of the syndrome. Besides carbamazepine and corticoster-
oids, we administered the calcium channel blocker verapamil. Even though this drug was used 
previously only in a few case reports [9], it can have a beneficial effect considering the dys-
function in vasoreactivity involved in SMART pathophysiology [5]. Posterior reversible en-
cephalopathy syndrome (PRES) is a more frequent entity that shares a similar clinical presen-
tation with SMART syndrome. PRES also presents with headaches, neurological deficits, and 
seizures [3, 12] and preferably affects the parietal-temporal-occipital cortical regions. PRES 
has a mechanism that consists of combined vasoconstriction and vasodilation with vasculopa-
thy patterns [13], which resembles the abnormal vascular reactivity and endothelial damage 
caused by irradiation that is hypothesized to underlie the SMART syndrome [3, 14]. These 
similarities raise the possibility that both diseases may exhibit a comparable biological mech-
anism based on the dysfunctional cerebral vasoreactivity and may share a susceptibility to 
calcium channel blockers. 

Interestingly, the patient presented multiple small ischemic lesions in his occipital lobe, 
which supports the associations between SMART syndrome and stroke, and reinforces the 
importance of implementing secondary stroke prevention [15]. Patients who presented is-
chemic stroke in their follow-up had their lesions located in the same sites of their SMART-
related abnormalities, suggesting that the syndrome’s underlying vascular dysfunction pre-
disposes to cerebrovascular events and possible permanent symptoms [4]. Indeed, complete 
recovery occurs in 55–85% according to 2 case series [2, 4]. 

In patients with a history of brain irradiation, SMART renders an important differential 
diagnosis to consider before more aggressive procedures are performed, such as brain biopsy. 
The proper identification of this syndrome allows quick institution of corticosteroid-based 
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therapy. The use of calcium channel antagonists may have a role in acute-phase treatment. 
Early management is important not only for remission of symptoms but also for prevention 
of important outcomes, such as stroke and epilepsy. 
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Fig. 1. Pretreatment brain magnetic resonance images. a, b Cortical gyriform enhancement involving the 

left occipital and temporoparietal lobes (black arrows) on axial T1 gadolinium-enhanced image. c, d Axial 

FLAIR images showing cortical hyperintensities within the left occipital and temporoparietal lobes (white 

arrows), sparing subcortical white matter. e Axial DWI showing small areas of restricted diffusion in the 

left occipital lobe (white arrow), compatible with subacute infarction. f Corresponding ADC image (black 

arrow). FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; ADC, apparent dif-

fusion coefficient; R, right side. 
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Fig. 2. Follow-up magnetic resonance images after 7 months. a, b Axial T1 gadolinium-enhanced images 

showing a marked reduction in contrast enhancement of the involved areas. c, d Axial FLAIR images show-

ing resolution of cortical hyperintensities within the left occipital and temporoparietal lobes. FLAIR, fluid-

attenuated inversion recovery; R, right side. 
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