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Susceptibility-Weighted Magnetic Resonance Imaging Findings of Two Pediatric Migraine Patients with Aura
      


Susceptibility-weighted imaging (SWI) is a high-spatial-resolution, three-dimensional, fully velocity compensated, T2*-weighted gradient-echo magnetic resonance imaging (MRI) technique with a wide number of applications in pediatric neuroimaging.[1] The versatility of SWI is based on its unique magnetic susceptibility for various molecules and differences relative to background or surrounding tissues, such as (1) blood oxygen level dependent (BOLD) effect, (2) paramagnetic effects of blood products, (3) diamagnetic effects of calcium, and (4) iron-laden tissue susceptibility.[2] SWI was originally referred to as high-resolution BOLD venography[3]; however, its broad application beyond veins has occurred in the last decade. According to the BOLD principle, veins with a relative increase in paramagnetic deoxyhemoglobin appear hypointense, whereas veins with a relative decrease in deoxyhemoglobin or increase in diamagnetic oxyhemoglobin appear isointense in relation to subjacent brain parenchyma.

Brain perfusion can be measured noninvasively using techniques such as positron emission tomography (PET) or dynamic susceptibility contrast MRI. However, these approaches require administration of contrast material and/or exposure to ionizing radiation. The functional information related to the BOLD effect in SWI is a noninvasive, ionizing radiation and contrast material free method to evaluate brain perfusion in children. The relationship between cerebral blood flow (CBF) and oxygen extraction fraction (OEF) has been shown in both animal stroke models and humans using PET.[4] Pediatric neurovascular diseases with altered brain perfusion include hemiplegic migraine (HM), arterial ischemic stroke (AIS), moyamoya vasculopathy, vascular malformations, and epilepsy.

In this issue of Neuropediatrics, Gocmen et al have shown the value of SWI along with diffusion-weighted imaging (DWI) in the diagnosis of HM without headache in two children.[5] HM is a rare subtype of migraine with aura as defined by the International Classification of Headaches.[6] Migraine aura is generally indicative of a reversible cerebral cortical dysfunction that is most probably caused by cortical spreading depression.[7] Cortical spreading depression is characterized by a neuronal excitation followed by a prolonged inhibition of the neuronal activity.[8] In the excitatory phase, neuronal tissue requires higher oxygen consumption resulting in higher OEF. The subsequent lower oxygen saturation results in prominent hypointense veins on SWI as shown in the two patients reported by Gocmen et al as well as in previous articles.[5]
        [6] In addition, cortical spreading depression is associated with changes in CBF characterized by hypoperfusion,[6] followed by hyperemia.[9] As shown in the article by Gocmen et al, MRI findings of SWI hypointense veins, normal DWI, cerebral hypo- or hyperperfusion in a child suggest the diagnosis of HM and exclude acute AIS. SWI is especially helpful in differentiation of HM from AIS in a child with no prior history of migraine and the absence of headache.[5]
        [10] SWI hypointense veins have been demonstrated between 2 hours and 4 hours and 30 minutes following the onset of symptoms.[5]
        [6]
        [10] In addition, all children with aura or improving symptoms at the time of MRI demonstrated SWI hypointense veins.[5]
        [6]
        [10] Hence, SWI has a high sensitivity in the diagnosis of HM. As shown in the article by Gocmen et al, SWI abnormality in HM normalizes typically with resolution of symptoms, which is typically less than 24 hours in HM. Hence, SWI should be performed when symptomatic or improving to distinguish HM from AIS. Follow-up MRI has been important in understanding the pathophysiology of HM; however, it is not required as a clinical routine after symptom resolution.

In AIS, reduction in CBF is associated with increased OEF, which results in increased deoxyhemoglobin levels and prominent SWI hypointense veins. SWI can define the hypoperfused salvageable territory beyond the ischemic core (diffusion restriction) by presence of hypointense veins secondary to increased OEF. Mismatch between diffusion restriction (ischemic core) and SWI hypointensity (hypoperfused region) may predict progression of infarct.[11] On the contrary, increase in CBF from luxury perfusion after AIS results in reduction of OEF, a higher concentration of oxygenated hemoglobin and resultant SWI isointense—hyperintense venous signal. Luxury perfusion is associated with a risk for malignant brain edema.[12]
      

In addition to ischemic pathologies, SWI also helps in evaluating various types of vascular malformations. Slow-flow venous malformation such as developmental venous anomalies demonstrate hypointense veins due to increase in deoxyhemoglobin. On the contrary, high-flow shunting in an arteriovenous malformation shows SWI hyperintensity due to an increased concentration of oxyhemoglobin.[1] Moyamoya vasculopathy may be associated with decreased CBF, increased OEF, and prominent hypointense veins on SWI.

Furthermore, SWI helps in evaluating children with status epilepticus which causes excessive neuronal activity and concomitant increased perfusion as a compensatory mechanism to the increased metabolic demand.[13] This results in a focal SWI hyperintense region due to relative decreased deoxyhemoglobin and increased oxyhemoglobin.

Apart from neurovascular disease, a potential pitfall of SWI in children undergoing neuroimaging under general anesthesia should be recognized.[14] Supplemental oxygenation during anesthesia results in SWI isointense or hyperintense veins secondary to the relative increased oxyhemoglobin in the veins.

SWI is helpful in distinguishing HM from AIS in a child, in particular, in the absence of headache or prior history of migraine. SWI should ideally be performed when symptoms are present or improving. SWI after symptom resolution is typically normal and does not require to be repeated. In conclusion, SWI is becoming an important clinically helpful functional MR sequence influenced by alterations in brain perfusion.

[bookmark: FN151284ec-1]
        

* This article is an editorial on “Susceptibility-Weighted Magnetic Resonance Imaging Findings of Two Pediatric Migraine Patients with Aura” by Gocmen et al (Neuropediatrics 2016;47(1):46–50).
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