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Introduction

Migraine is a neurological condition characterized by re-
current, unilateral, pulsating headaches that can last from
4h to 72h. They can be exacerbated by physical activ-
ity and are frequently associated with nausea, photopho-
bia and phonophobia. An aura or the presence of other
focal neurologic symptoms during an episode of migraine
can be observed in approximately one third of the cases.
The neurologic deficits that accompany migraine with aura
pose a significant challenge necessitating other conditions,
such as stroke, vasculitis or infections to be considered in
the differential diagnosis [1]. In pediatric patients, bilat-
eral headache, shorter duration, and nonspecific symptoms
are more common than in the adult population. Tension
headaches and stroke are both essential and challenging
differential diagnoses.

This article presents a case report of two pediatric
patients who had migraine with aura. The magnetic res-
onance imaging (MRI) examinations were performed on
a 1.5T scanner (Siemens Quantum, Erlangen, Germany).
A circular 8-channel polarized head coil was used and T2-
weighted imaging (TR 3730s, TE 112ms, slice thickness
5mm), diffusion-weighted imaging (DWI) and susceptibil-
ity-weighted imaging (SWI) were carried out.
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Patient 1

A 13-year-old boy was admitted to the neurology depart-
ment with a left-sided frontal oppressive headache and nau-
sea. The patient had ipsilateral visual loss, aphasia and bi-
lateral leg pain. There was no family history of migraine
and the patient was not receiving treatment with any med-
ications. The headache and the accompanying symptoms
resolved during the first 24h. The laboratory, electrocar-
diography (EKG) and electroencephalography (EEG) find-
ings were unremarkable. To rule out stroke MRI was per-
formed, including SWI, DWI and MR angiography (MRA)
sequences (Fig. 1). The SWI images showed well-defined
unilateral left hemispheric engorgement of the epicortical
venous system with sparing of the deep venous system in
the otherwise normal MRI scan. The follow-up imaging
performed 5 days later, showed the resolution of these find-
ings.

The patient was diagnosed with migraine with aura and
was prescribed ibuprofen for further episodes.

Patient 2

A 14-year-old girl complained of visual loss in the left eye
and 30 min later a severe unilateral headache and nausea
occurred. The girl had pronounced aphasia, with an oth-
erwise normal neurologic examination. The symptoms re-
solved in the next 24h. The patient was examined using
MRI including SWI, DWI and MRA sequences (Fig. 2).
The presence of prominent cortical venous vasculature was
observed without signs of venous thrombosis. The follow-
up imaging showed the complete resolution of the findings
2 days later.

Discussion

There are three leading theories attempting to explain the
as yet unknown pathophysiology of migraine. The vascular
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Fig.1 a Axial susceptibility
weighted image with well-de-
fined unilateral left hemispheric
engorgement of the epicorti-
cal venous system with sparing
of the deep venous system.

b Follow-up imaging performed
5 days later showing resolution
of these findings

Fig.2 a Axial susceptibility
weighted image showing venous
epicortical engorgement in the
left hemisphere with sparing

of the deep venous structures.

b Axial SWI image of the
control study of the same patient
2 days later with a complete
resolution of the findings

theory involves initial cerebral vasoconstriction, causing the
aura and subsequent reactive vasodilatation responsible for
the headache. The trigeminovascular theory focuses on the
release of vasoactive neuropeptides causing inflammation
and pain [2]; however, the most widely accepted theory,
referred to as cortical spreading depression, is character-
ized by neural excitation followed by prolonged inhibition
of neural activity in a posterior to anterior fashion [3]. Mi-
graine with aura may present with acute deficits, potentially
mimicking an acute ischemic stroke. As recognized stroke
mimics, MRI sequences performed in these patients fre-
quently focused on excluding more urgent conditions, such
as acute venous or arterial thrombosis [4]. The most promi-
nent findings of patients were the venous vascular engorge-
ment observed on SWI, which was related to the side of
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the symptomatic presentation. The signal changes did not
have a territorial vascular distribution and all the other se-
quences (DWI and T2-W images) were completely normal
[4, 5]. The technique of SWI is a full velocity compensated
high-resolution 3D gradient-echo sequence that uses mag-
nitude and filtered phase information to create new sources
of contrast [5]. Although first developed in 1997, it is only
in the last 10 years that SWI has become a widely available
modality of MRI. Among other uses, SWI is considered
to be a very sensitive method to monitor paramagnetic sub-
stances such as iron. Furthermore, the signals obtained from
iron-containing proteins, such as deoxyhemoglobin, ferritin
and hemosiderin, fluctuate depending on the amount of en-
closed iron although the iron shielded by oxygen, such as
in oxyhemoglobin molecules, is imperceptible on SWI [6];
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however, similar imaging appearance has been shown in
developmental venous anomalies, cerebral venous throm-
bosis and Sturge-Weber syndrome; hence, SWI alone is not
specific enough to rule out these conditions [7]. An ex-
planation of the findings in the patients described might
be a higher oxygen extraction in the neurons during the
initial migraine episode, resulting in the presence of more
deoxygenated blood discernible on SWI [1, 2]. Other au-
thors have used additional imaging methods such as MR
perfusion, observing hypoperfusion of the cerebral regions
with decreased unilateral cerebral blood flow (CBF) and in-
creased mean transit time (MTT). In all cases, the findings
resolved in follow-up imaging [7, 8]. Moreover, unilateral
cortical hypoperfusion in the aura episode and hyperperfu-
sion during the headache episode has been reported using
functional MRI. The diminished cerebral vascular autoreg-
ulation could probably explain the findings during these
episodes [9]. The vascular abnormalities are also mentioned
in the brief report by Fedak et al. supporting hypoperfusion
as an etiologic factor for the SWI changes [10]. Interest-
ingly, all the reports in the literature center on pediatric pa-
tients, which might be due to inherent statistical selection
bias or differences in the pathophysiology of migraine be-
tween adult and pediatric patients. Subsequent studies fea-
turing this distinction might contribute to the understanding
of the pathophysiology of migraine.

Conclusion

The findings show a remarkable venous signal loss in SWI
of the affected hemisphere in pediatric patients with mi-
graine, supporting the evidence presented by the recently
published case reports. Although the pathophysiologic con-
cept behind these phenomena is not fully understood, it may
support the vascular hypothesis of the disease. The inclu-
sion of SWI in addition to DWI is useful in the assessment
of these patients to rule out significant differential diag-
noses, such as stroke. Also, it might have implications for
the understanding of the pathophysiology of migraine with
or without aura, although additional studies with broader
population groups are needed.
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