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A B S T R A C T

This report presents a case of stroke-like migraine attacks after radiation therapy (SMART) syndrome in a 31-
year-old man in whom symptoms and radiological findings resolved with steroid pulsed therapy and reviews the
literatures with special emphasis on the use of steroids against SMART syndrome. The patient had a past history
of left temporal anaplastic astrocytoma and was treated with surgery followed by local 72 Gy radiation therapy
and chemotherapy using Nimustine Hydrochloride. Four years after the surgery, he was suffering from subacute
progressing symptoms of headache, right hemianopia, right hemiparesis and aphasia from 2 to 4 days before
admission to our hospital. At first he was diagnosed as symptomatic epilepsy but after extensive examination, the
final diagnosis was SMART syndrome. His symptoms soon improved with steroid pulse therapy. In the literature,
steroid pulse therapy is not necessarily a standard of care for SMART syndrome, but it seemed to decrease the
need of biopsy. As the lesions of SMART syndrome require differential diagnosis from recurrences, biopsy was
performed in some cases. However, lack of benefit and possible detriment is reported with biopsy of SMART
lesions. Through this experience we suggest that steroid pulse therapy may provide speedy recovery from
symptoms, and it should be considered before other invasive investigations or treatments.

1. Introduction

SMART (stroke-like migraine attacks after radiation therapy) is a
syndrome presumed to be a delayed complication of brain irradiation
wherein patients have recurrent attacks of complex neurological
symptoms, often including headache and seizures that begin many
years after radiation therapy, and demonstrates characteristic imaging
findings [1]. Since it was first described in 1995, about 40 cases of
SMART have been reported in the literature [2]. Given the small
number of cases reported to date, there is no clear consensus regarding
effective treatment approaches to SMART.

2. Case presentation

A 31-year-old man, who had a past history of left temporal ana-
plastic astrocytoma, was then followed consistently with MRI at our
outpatient department. He had initially been treated with surgery
(Fig. 1, A, B) followed by local 72 Gy radiation therapy and che-
motherapy using Nimustine Hydrochloride. After the treatment he had
a right upper quadrantanopia but discharged without any other

neurological deficit. He had received 12 cycles of maintenance ACNU
therapy given once in 2months and was then followed consistently.
During this period, his symptomatic epilepsy was well controlled with
levetiracetam and carbamazepine. Four years later, however, he suf-
fered from subacute progressing symptoms of headache, right hemi-
anopia, right hemiparesis and aphasia. MRI scan obtained on admission
revealed abnormal findings, including new enhancement at left parietal
lobe, and mild swelling of left frontal, parietal, and temporal gyri
(Fig. 1, C, E). At first, he was treated with additional antiepileptic
medication, because the electroencephalogram revealed focal slowing
over the left frontal to temporal region. Nevertheless, his symptoms
persisted for several days, especially his worsened visual field defect
persisted for over 2 weeks. With the possible diagnosis of SMART,
steroid pulse therapy (1000mg/day, 5 days) was given. Subsequently,
his visual field recovered to almost the similar level as before within
only 2 weeks. Additionally, the abnormal imaging findings including
enhancement and swelling had also disappeared on a subsequent MRI
(Fig. 1, D, F). Clinical course of the present case is summarized in Fig. 1,
G.

https://doi.org/10.1016/j.ensci.2018.05.003
Received 8 May 2018; Accepted 22 May 2018

⁎ Corresponding author.
E-mail address: ryuta@nsg.med.tohoku.ac.jp (R. Saito).

eNeurologicalSci 12 (2018) 1–4

Available online 23 May 2018
2405-6502/ © 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/24056502
https://www.elsevier.com/locate/ensci
https://doi.org/10.1016/j.ensci.2018.05.003
https://doi.org/10.1016/j.ensci.2018.05.003
mailto:ryuta@nsg.med.tohoku.ac.jp
https://doi.org/10.1016/j.ensci.2018.05.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ensci.2018.05.003&domain=pdf


Fig. 1. Imaging findings with the clinical course.
Patient's preoperative T1-weighted image (T1WI) with contrast enhancement shows a left temporal anaplastic astrocytoma (A). Postoperative examination de-
monstrates removal of the lesion (B). T1WI with contrast enhancement and FLAIR (fluid attenuated inversion recovery) signal on admission revealed new en-
hancement at left parietal lobe (C, white arrow), and mild swelling of left frontal and temporal gyri (C, E, white dashed arrows). Three days after steroid pulse
therapy, the enhancement and swelling had disappeared (D, F). Clinical course (G).

Table 1
Cases of SMART treated with steroids.

Author, year [ref] Treatment Recovery period after
treatment

Outcome Biopsy

Black, 2013 [4] 2 cases: corticosteroids Undescribed Partially recovered 1/2 biopsy
1 case: antiepileptic drugs+ corticosteroids 2.5months Completely recovered –
2 cases: antiepileptic drugs+ varapamil+ corticosteroids 2–2.5months Completely recovered –

Di Stefano, 2013 [5] 1 case: antiepileptic drugs+methylprednisolone (1000mg/day, 5 days) 4 days Partially recovered –
3 cases: antiepileptic drugs+methylprednisolone (1000mg/day, 5 days) 2–5 days Completely recovered –
1 case: antiepileptic drugs+ dexamethasone 20mg daily 6 days Partially recovered –

Maloney, 2014 [6] 1 case: antiepileptic drugs+ temporal lobectomy+dexamethasone
(20mg/day)

4 days Completely recovered –

Hametner,2015 [7] 1 case: antiepileptic drugs+ high dose cortisone therapy+ sedation 2months Completely recovered –
Gómez-Cibeira, 2015 [1] 1 case: antiepileptic drugs+methylprednisolone (1000mg/day, 5 days) Several weeks Completely recovered –
Jaraba, 2015 [8] 1case: antiepileptic drugs+ high dose corticosteroid therapy (1mg/kg/

day)+ sedation
Few days Partially recovered but died of

pneumonia
–

1case: antiepileptic drugs+ high dose corticosteroid therapy (1mg/kg/
day)

1 week Completely recovered –

1case: antiepileptic drugs+ high dose corticosteroid therapy (1mg/kg/
day)

11 days Completely recovered –

Nar Senol, 2015 [9] 1 case: antiepileptic drugs+ dexamethasone 2 weeks Completely recovered –
Singh, 2016 [10] 1 case: antiepileptic drugs+ corticosteroids – Permanent disability –
Present case 1 case: antiepileptic drugs+ steroid pulse therapy (1000mg/day, 5 days) 2 weeks Completely recovered –

Ref; reference.
Steroid therapies and outcomes in reported SMART cases. In 5 cases who received steroid pulse therapy (1000mg/day, 5 days), complete recovery was observed in 4
cases (80%) whereas only1 case (20%) just had partial recovery.
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3. Discussion

SMART is a rare complication of brain radiotherapy with delayed
onset of complex neurological impairment unrelated to tumor recur-
rence. Our case fulfilled the diagnostic criteria for SMART which was
revised by Black et al., in 2006 [3]. According to the literature, the
interval between radiotherapy and the diagnosis of SMART ranges from
1 to 35 years [2]. This new neurological deficits and new enhancement
regions in MRI long after the initial treatment lead a neurologist to
think first about recurrence of malignancy. In case they are tumor re-
currence, rapid diagnosis and initiation of appropriate treatment is the
utmost importance because patients with recurrent malignant gliomas
often deteriorate rapidly. Therefore, differential diagnosis from recur-
rence is extremely important.

The hallmark features of SMART on MRI are reversible, transient,
unilateral cortical gadolinium enhancement as well as the correlative
abnormal T2 and FLAIR (fluid attenuated inversion recovery) signal
[1–4]. However, in most cases, MRI abnormalities persist over weeks to
months [4]. The differential diagnosis from recurrence cannot wait
until after several months. In some cases, patient reluctantly underwent
biopsy for early diagnosis [4]. Recently Black et al. reported that they
failed to demonstrate pathologic etiology of SMART from biopsy, and
warned the lack of benefit and possible detriment [4]. In the present
case, the abnormal imaging findings had disappeared within only
3 days from steroid pulse therapy. Patient's persistent symptom had also
recovered within only 2 weeks. Therefore, steroid pulse therapy can be
recommended in the case of possible SMART for earlier determination
of SMART from non-SMART including recurrence. “Blood-brain barrier
disruption” in SMART is described in some literatures, possibly leading
to edema or inflammation in the nervous system [1,4]. Steroid therapy
can be reasonable from this point of view.

In the literature, SMART syndrome is treated either with (Table 1)
or without (Table 2) steroid therapy. Prognosis of SMART syndrome is
not poor even without steroid therapy; almost all cases recovered at
least partially (Table 2). Therefore, steroids are not considered as
standard of care. However, biopsy seems to have performed more often
in the non steroid group. As mentioned above, lack of benefit and
possible detriment is reported with biopsy of SMART lesion [4]. Steroid
therapy may help earlier diagnosis and prevent the unnecessary sur-
gical procedure.

Although, there exist several reports that just had incomplete re-
covery after steriod therapy, the dose of steroid is not specified in many

of the reports. Some of the cases who received corticosteroid therapy
but not pulse therapy had partial recovery (Table 1) [4,5]. In 5 cases
who received steroid pulse therapy (1000mg/day, 5 days), including
the present case, complete recovery was observed in 4 cases (80%) but
1 case (20%) just had partial recovery (Table 1) [5].

We reported a case of SMART whose persistent symptom responded
rapidly to steroid pulse therapy. Through this experience and review of
the literature, we suggest that steroid pulse therapy may provide speedy
diagnosis of and recovery from SMART, and it should be considered
before other invasive investigations or treatments.
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