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ABSTRACT

N. Munjal, “*R. Safier, “’ D.D. Cummings, and “*'G. Zuccoli

SUMMARY: Hemiplegic migraine is a common cause of acute brain attack in pediatrics. MR imaging sequences useful in differentiating

hemiplegic migraine from other entities include arterial spin-labeling, SWI, MRA, and DWI. There has been limited exploration on the

simultaneous use of these sequences in pediatrics. We present 12 pediatric patients with acute hemiplegic migraine or migraine with aura

who underwent MR imaging within 12 hours of symptom onset. Quantitative and qualitative analyses were performed on arterial spin-

labeling; and qualitative analysis, on SWI and MRA sequences. All 12 patients had normal DWI and abnormal arterial spin-labeling findings.

Furthermore, we observed a more rapid transition from hypoperfusion to rebound hyperperfusion in 3 patients compared with prior

reports. These findings support the use of multimodal MR imaging to distinguish migraine with aura from stroke and the simultaneous use

of these MR imaging sequences to improve understanding of perfusion changes during migraine with aura.

ABBREVIATIONS: ASL = arterial spin-labeling; rCBF = relative CBF

H emiplegic migraine is one of the most common causes of
acute brain attack (defined as acute onset of focal neurologic
symptoms) seen in the pediatric emergency department, account-
ing for approximately one-third of pediatric brain attacks, and it
can be difficult to differentiate from arterial ischemic stroke or
TIA on initial presentation."* Hemiplegic migraine is defined ac-
cording to the International Classification of Headache Disor-
ders, 3rd edition? criteria by the presence of an aura characterized
by fully reversible motor and visual, sensory, and/or speech/lan-
guage symptoms and at least 2 of the following characteristics: 1)
Atleast 1 aura symptom spreads gradually for =5 minutes and/or
=2 symptoms occur in succession; 2) each individual aura symp-
tom lasts 5—-60 minutes, and motor symptoms generally last <72
hours (but may persist for weeks); 3) at least 1 aura symptom is
unilateral; and 4) the aura is accompanied by or followed within
60 minutes by headache.” The pathophysiology of migraine and
migraine with aura has not been determined, but leading hypoth-
eses suggest a cortical spreading depression and subsequent local
hypoperfusion as a trigger.*>
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MR imaging is becoming increasingly available for rapid as-
sessment of pediatric brain attacks, even in patients who would
previously have required sedation. Given the prevalence of mi-
graine in the differential diagnosis of pediatric brain attack, reli-
able neuroimaging features differentiating migraine from acute
ischemic stroke or TIA represent a valuable tool in guiding the
appropriate level of initial work-up and management. MR imag-
ing sequences that can be useful in differentiating hemiplegic mi-
graine from other entities include arterial spin-labeling (ASL),
SWI, and MRA. ASL implements a radiofrequency pulse that la-
bels arterial blood water below the ROI and then captures the
resulting signal as the labeled blood enters the ROI. These data are
subtracted from the corresponding data obtained from a control
sequence that does not label arterial blood water.® The degree of
signal alteration correlates with the extent of arterial perfusion.
SWI uses a gradient-echo pulse sequence to produce contrast and
is blood oxygen level-dependent. The name derives from the use
of the phase map of susceptibility difference in adjacent tissue and
is the basis for blood oxygen level-dependent fMRI imaging.
MRA provides a noninvasive, non-contrast-enhanced technique
to image blood vessels. It can be viewed in the original 2D source
or reconstructed into a 3D vessel image. Research has been pub-
lished on the use of various MR imaging sequences to characterize
the time course of perfusion changes in migraine, but there has
previously been limited exploration of the simultaneous use of
ASL, SWI, and MRA, particularly in pediatrics.”'* Our objective
was to explore the use of multiple, noninvasive MR imaging se-
quences to better understand the relationship between clinical
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FIG 1. Modified ASPECTS system with 11 ROIs centered in the cortex at 2 contiguous levels on ASL imaging.

and MR imaging findings in pediatric hemiplegic migraine and
migraine with aura.

Case Series

This is a case series of children with migraine with focal neurologic
symptoms and unilateral MR imaging findings who presented to the
Children’s Hospital of Pittsburgh emergency department. All cases
were collected retrospectively under an institutional review
board—approved study. Information was obtained from each pa-
tient’s medical record and included clinical symptoms, family his-
tory, timing of MR imaging from the onset of symptoms, and
headache severity. These data came from emergency department
documentation and neurology consult notes. Patients were in-
cluded in the study if they had undergone a stroke-protocol brain
MR imaging within 12 hours of neurologic symptom onset, which
included DWI, ASL, SWI, 3D-TOF MRA, and FLAIR imaging.
Patients were excluded if symptoms were resolved at presenta-
tion, MR imaging was not performed before patient discharge
from the emergency department or hospital, or MR imaging was
performed >12 hours after symptom onset.

Qualitative MR imaging findings were identified for ASL,
SWI, and MRA sequences. The images were obtained using a 1.5T
scanner (Signa; GE Healthcare, Milwaukee, Wisconsin) with a
32-channel head coil. The technical factors used for ASL, SWI,
and 3D-TOF MRA were the following: pseudocontinuous ASL—
receiver bandwidth = 62.50, imaging mode = 3D, acceleration
factor = 1.00, FOV = 24.0, slice thickness = 4.0, frequency = 512,
phase = 8, frequency direction = anteroposterior, NEX = 3.00,
autoshim = auto, phase correction = none; 3D SWI—flip angle,
15°, TE = 50.0 ms, TR = 78.3 ms, receiver bandwidth = 41.67,
filter choice = none, FOV = 20.0, slice thickness = 3.0, slab = 32,
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overlap = 0, frequency = 288, phase = 224, frequency direc-
tion = anteroposterior, phase FOV = 1.00, autoshim = auto,
phase correction = none; 3D-TOF—flip angle = 20°, TE = min-
imum, number of echoes = 1, TR = 23.0 ms, receiver band-
width = 31.25, filter choice = none, imaging mode = 3D pulse
sequence; TOF echo-spoiled gradient-echo—acceleration fac-
tor = 1.00, FOV = 16, slice thickness = 1.4, localizer per slab =
24, overlap locations = 6, frequency = 320, phase = 224, fre-
quency direction = anteroposterior, FOV = 1.00.

Images were independently reviewed by 1 senior pediatric
neuroradiologist and a pediatric neurologist blinded to the af-
fected side for changes in brain perfusion on ASL, signal intensity
of the cortical veins on SW1, and caliber of the intracranial arteries
on 3D-TOF MRA, respectively. The final interpretation was
reached by consensus in cases of disagreement between the read-
ers. Eleven standard ROIs were selected in 2 axial planes on ASL
sequences based on standard ASPECTS regions.'”

Relative CBF (rCBV) values were calculated for standard 0.44-
cm? circular regions at each ROI by usinga PACS, and the affected
side was subtracted from the nonaffected side. These rCBF differ-
ences were averaged to produce a net hemispheric blood flow
difference. Of note, ROIs on the ASPECTS system are predomi-
nantly distributed in MCA territory. In this study, our extreme
anterior and posterior ROIs were relocated as demonstrated in Fig
1 to provide anterior cerebral artery and posterior cerebral artery
coverage. Quantitative statistical analysis was performed using
the R statistical package (https://www.r-project.org).

Twelve patients met the inclusion criteria for this series. There
were 6 female patients (50%) and 6 male patients (50%). Patients
ranged from 9 to 16 years of age. Symptoms were localized to
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FIG 2. Time course of the brain perfusion changes in migraine with aura from symptom onset.

FIG 3. Patient 1. ASL demonstrates left hemispheric hypoperfusion (A). Note hypo-oxygenated
cortical veins on SWI along the left cerebral hemisphere (B). MRA demonstrates thinning of the

distal branches of the left MCA and posterior cerebral artery (C).

the right hemisphere in 4 patients and the left hemisphere in 8
patients. Brain MR imaging was performed between 3 and 11
hours from neurologic symptom onset. The median time of MR
imaging following symptom onset was 4.9 hours. All patients
demonstrated a difference in cerebral perfusion on ASL sequences
compared with the unaffected hemisphere. Eight patients demon-
strated a relative decrease in perfusion on ASL sequences. Of these
patients, the 7 who had SWI and MRA available demonstrated a
corresponding decreased signal and decreased caliber of vessels,
respectively. Patient 12 did not have SWI or MRA sequences avail-
able for review. Patient 10 had normal SWI and MRA findings,
and the ASL sequence demonstrated a signal difference of —0.4.
Three patients had a relative increase in perfusion on ASL se-
quences. Patient 2 had normal SWI findings with an increased
caliber of vessels on MRA. Patient 7 had normal SWI findings
with a decreased vessel caliber on MRA. Patient 11 had normal
SWI and MRA findings. DWI sequences for all patients were neg-
ative for restricted diffusion. The rCBF and time of MR imaging
from symptom onset are shown in Fig 2. An example of the im-
aging findings during migraine with aura on multimodal MRI

in the evaluation of the acute phase
of migraine.”'® ASL is an increasingly
more popular, available, and noninva-
sive MR imaging perfusion sequence
that can provide insight into the patho-
physiology of pediatric brain attacks, in-
cluding pediatric migraine and stroke. "’
The presence of decreased relative cere-
bral perfusion on ASL in a DWI se-
quence with normal findings supports
the simultaneous use of these sequences
as the best MR imaging diagnostic tool
for differentiating hemiplegic migraine
from stroke. This combination was noted
in 8 patients in this case series. ASL asym-
metries in stroke or TIA would be local-
ized to a specific vascular territory, while in
our patients, migraine-with-aura asym-
metries are seen throughout the affected hemisphere in multiple vas-
cular territories. Moreover, lack of restricted diffusion while the pa-
tient is clinically symptomatic suggests migraine with aura over
stroke.

Many studies have suggested the implementation of ASL in the
evaluation of children presenting with focal neurologic symp-
toms, each with the finding of initial hypoperfusion followed by
delayed hyperperfusion.''"'* Boulouis et al'' published a case se-
ries exploring the use of the ASL MR imaging sequence in chil-
dren, which demonstrated decreased regional cerebral blood flow
when obtained <14 hours after symptom onset and increased
regional cerebral blood flow when obtained >17 hours after
symptom onset. Lehman et al'*> demonstrated decreased pulsed
ASL signal in 11 children who all had increased prominence of
cortical or medullary veins on SWI, suggesting increased venous
deoxyhemoglobin. In the Lehman et al study, ASL hypoperfusion
persisted as long as 16.25 hours. lizaku et al'® also evaluated the
changes in perfusion in 3 adult patients with focal neurologic
symptoms and migraine whose MR imaging demonstrated initial
hypoperfusion and delayed hyperperfusion on ASL >18-24
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Clinical and MRI findings in a cohort of patients presenting with atypical migraine

Patient Age Time of MRI from ASL rCBF
No. (yr) Sex Symptoms Symptom Onset (min) SWI MRA (mL/100 mg/min)

1 10 F R paresis 180 l |2 =73

2 3 F R paresis/anesthesia 660 Normal 1 87

3 13 M L paresis/anesthesia 285 l 12 —-15.8
4 12 F L anesthesia 240 ! l —293

5 14 M R paresis 510 l | —-9.0
6 15 F R paresis/anesthesia 300 l e —-317
7 13 M R paresis 330 Normal | 20.2
8 9 M L anesthesia 465 l ! —50.1

9 9 M L paresis 285 l l? —471
10 15 F R paresis/anesthesia 240 Normal Normal —04
1 16 M R paresis/anesthesia 450 Normal Normal 19.2
12 12 F R paresis/anesthesia 250 NA NA —22.8

Note:—L indicates left; R, right; SWI |, hypointensity; MRA |, decreased arterial caliber in the MCA territory; MRA 1, increased arterial caliber in the MCA territory.

@ Additional decrease in caliber of the posterior cerebral artery.
© Additional decrease in caliber of the posterior and anterior cerebral arteries.

hours after symptom onset. Pollock et al'* similarly looked at a
case series of 3 adults with migraine and noted cerebral hyperper-
fusion on ASL imaging >6 hours after the onset of neurologic
symptoms.

Our results demonstrate a clear link between brain perfusion
changes and the time course of migraine with aura. We observed
awide variation in the duration of perfusion changes, lasting up to
atleast 11 hours, the longest time to scan from symptom onset in
this case series. Three patients in this series demonstrated in-
creased perfusion on ASL within this time window, indicating the
transition to hyperperfusion by 11, 5.5, and 7.5 hours. This is
earlier than described in other studies."'™'* Each technique re-
viewed in this study provided data supporting the following pat-
tern: apparent constriction of distal vessels on MRA, the presence
of deoxygenated blood in cerebral veins on SWI, and initial hypo-
perfusion followed by a rebound hyperperfusion on ASL in the
affected hemisphere. Patient 10 in this series demonstrated nor-
mal SWI and MRA findings and an ASL sequence with rCBF of
only —0.4 at 4 hours, which may represent near-resolution of MR
imaging perfusion changes or the transition from hypoperfusion
to pseudonormalization during this patient’s migraine. Most in-
teresting, patient 7 in this series demonstrated discordance be-
tween the MR imaging sequences with a normal SWI signal and
decreased vessel caliber on MRA but increased rCBF on pseudo-
continuous ASL 5.5 hours from symptom onset. The discordance
between pseudocontinuous ASL and SWI could indicate that ASL
is more sensitive than SWI sequences in detecting imaging
changes related to hemiplegic migraine. It could also indicate that
the transition from hypoperfusion to hyperperfusion may be oc-
curring sooner in the progression of migraine than previously
thought, as observed in other case reports. " The decreased vessel
caliber on MRA with increased rCBF on ASL highlights the vari-
ability in neurovascular coupling and recovery characteristics
with migraine. Migraine leads to reversible disturbances in neu-
rovascular coupling that will affect the timing of ASL hyperperfu-
sion and normalization of perfusion.'®

Current models of migraine suggest that cortical spreading
depression is a likely cause of the migraine aura. Spreading de-
pression is a neurovascular phenomenon in which a self-propa-
gating wave of depolarization results in spreading cortical hypo-
activity and resultant vasoconstriction. Our data support this
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model through 2 observations: First, the distribution of changes
across all sequences (ASL, SWI, MRA) cross vascular territories
but respect the hemispheric boundary. Second, ASL findings
demonstrate a trend of initial hemispheric hypoperfusion fol-
lowed by remote rebound hyperperfusion hours later. In our im-
aging studies, the spatial resolution of ASL was not sufficient to
allow more detailed analysis correlating symptoms and spreading
depression localization.” The decreased caliber in the posterior
and/or anterior circulation observed in 4 of 12 patients in the
present study confirms that multiple vascular territories are af-
fected during migraine with aura.'®

One limitation of this series is the lack of standardized docu-
mentation detailing the time course of each patient’s clinical
symptoms, including aura/headache onset and duration. This
may explain some of the variability in rCBF findings. This discor-
dance also emphasizes the value of obtaining multiple imaging
sequences to assist in interpreting the patient’s symptoms. An
additional limitation of this study is that brain MR imaging was
performed at only 1 time point rather than =2 time points during
the brain attack. Multiple samples of imaging data would allow
more effective characterization of the evolution of perfusion
changes during the migraine attack. Another limitation of this
study is that for many of these patients, this was the first or only
known attack of migraine with focal neurologic symptoms, which
would not fulfill the International Classification of Headache Dis-
orders, 3rd edition, criteria for migraine with aura or hemiplegic
migraine.”

The management and disposition of migraine with aura differs
remarkably from the entities in the differential diagnosis. Given
the history and imaging findings, more than half of the patients in
the series were not admitted to the hospital for a work-up and
monitoring as would be typical for TIA; they were, instead, re-
ferred to the outpatient neurology clinic to establish headache
care. Most patients were offered migraine prophylaxis treatment
options (daily magnesium, riboflavin, tricyclic antidepressant, or
antiepileptic). Given this difference, continuing to define criteria
(both clinical and imaging) to identify and separate migraine
from ischemic stroke in children by implementing noninvasive
neuroimaging protocols in the emergency departments would be
highly beneficial. This case series supports the addition of an ASL



sequence in the evaluation of pediatric patients presenting with an

acute brain attack.

CONCLUSIONS

The systematic use of multimodal MR imaging sequences includ-
ing ASL, SWI, MRA, and DWT allows practitioners to distinguish
hemiplegic migraine from stroke, with ASL being the most sensi-
tive sequence to detect hemiplegic migraine. Our data suggest that
the phenomenon of rebound hyperperfusion occurs earlier dur-

ing a migraine attack than has been previously reported.
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