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Hemiplegic migraine (HM) is a rare subtype of migraine characterized by aura of motor

weakness accompanied by visual, sensory, and/or speech symptoms. Aura symptoms

usually resolve completely; permanent attack-related deficit and radiographic change

were rare. Here, we reported a case presented with progressively aggravated hemiplegic

migraine episodes refractory to medication. He experienced two prolonged hemiplegic

migraine attacks that led to irreversible visual impairment and cortical necrosis on brain

MRI. Multimodal MRI during attack showed persistent vasodilation and hyperperfusion

in the affected hemisphere associated with deterioration of clinical symptoms and

worsening of brain edema. Patent foramen ovale (PFO) was found on the patient.

PFO closure resulted in a significant reduction of HM attacks. This case indicated that

prolonged hemiplegic migraine attack could result in irreversible neurological deficit with

radiographic changes manifested as cortical necrosis. Persistent hyperperfusion might

be an important factor contributing to prolonged attack and persistent attack-related

neurological deficit. We recommend screening for PFO in patients with prolonged or

intractable hemiplegic migraine, for that closure of PFO might alleviate the attacks thus

preventing the patient from disabling sequelae.

Keywords: hemiplegicmigraine, irreversible neurological deficit, cortical necrosis, hyperperfusion, patent foramen

ovale (PFO)

INTRODUCTION

Hemiplegic migraine (HM) is characterized by aura of motor weakness accompanied by
visual, sensory, and/or speech symptoms followed by migraine headache (1). According to the
International Classification of Headache Disorders, 3rd edition (ICHD-3) criteria, aura of HM
should be fully reversible (2). Although little is known about imaging manifestations during HM
attack, swelling and/or cortical hyperintensity on T2/FLAIR-weighted MRI images have been
described, which were mostly reversible after attack resolution (1).

Studies have suggested a possible association between patent foramen ovale (PFO) and migraine
with auras (3). Percutaneous PFO closure has been reported to reduce the burden of migraineurs
with PFO (4). Report of PFO closure in patients with HM is rare.
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CASE PRESENTATION

A 53-year-old man was admitted to our hospital because of
severe left-sided headache for 1 week. He reported a long
history of migraine with aura since childhood. The migraine
was always preceded by aura of hemiparesis and hemianesthesia.
Severe pulsating headache started 20min after aura, lasting for
hours with photophobia and vomiting. Aura completely resolved
30min after headache onset. The attacks were usually triggered
by colds, fatigue, insufficient sleep, or mental stress with a
frequency of approximately one episode per year. Since age 20,
the episode aggravated with increased frequency (7–8 attacks
per year), prolonged headache (24∼48 h), additional visual aura
symptom, and prolonged aura duration (hours, sometimes days
after headache resolution). At the age of 51, he suffered the
first severe prolonged attack. After continuous heavy labor work
for hours, he developed weakness and numbness progressively
spreading from his left hand to left arm, face, and leg over
the course of 20min. This was followed by throbbing right-
sided headache and visual symptoms, evolving from scintillating
scotoma to left homonymous hemianopia within 24 h. Brain
MRI at 5 days after attack onset showed right temporal–occipital
cortical edema with restricted diffusion. Symptoms lasted for 3
weeks with incomplete recovery of visual impairment, leaving
a left visual field defect. Repeated MRI performed 4 weeks after
symptom onset showed hyperintensity on T1-weighted image in
right occipital–temporal cortex, suggestive of cortical necrosis
(Figure 1).

One week before admission to our hospital, he experienced
the second prolonged attack after sleep deprivation for overnight
work. Weakness and numbness started in the right hand and
rapidly extended to the homolateral side of the face and leg,
accompanied by speech disfluency and scintillating scotoma in
right hemifield, followed by a severe pulsating headache within
10min. Neurological symptoms deteriorated with aphasia,
confusion, and right homonymous hemianopia the next day.
Neurological symptoms deteriorated with aphasia, confusion,
and right homonymous hemianopia the next day. Headache was
refractory to ibuprofen and tramadol; the neurological symptoms
persisted without resolution.

On admission, the patient was afebrile with normal vital signs.
Neurological examination showed mild decreased alertness,
right-sided paresis and paresthesia, mixed aphasia, slight right
gaze palsy, and bilateral visual field defect predominately in the
right side. Laboratory testing including blood count, electrolytes,
lactate acid, creatine kinase, coagulation panel, rheumatoid
factor, antinuclear antibodies (ANA), antinuclear cytoplasmic
antibodies (ANCA), lupus anticoagulant, antiphospholipid
antibodies, and autoimmune encephalitis panel were normal.
Lumbar puncture showed normal intracranial pressure.
Cerebrospinal fluid (CSF) examination revealed normal cell
count, glucose content, protein, and lactate acid level. CSF tests
for infectious disease including gram stain, bacterial cultures,
treponema pallidum hemagglutination assay, cryptococcus
antigen, and the next-generation sequencing for pathogens
were negative. Consecutive electroencephalogram (EEG) during
attack showed slow background activity over the left hemisphere

without epileptic discharge. Brain MRI performed 10 days after
the episode onset showed hyperintensity of the right temporal–
parietal–occipital cortex on T2-FLAIR images with gyriform
enhancement and diffusion restriction. MRA demonstrated
vasodilation of the branches of the left middle cerebral
artery (MCA) and posterior cerebral artery (PCA) (Figure 2).
Transthoracic echocardiography revealed the presence of PFO.
Mitochondrial DNA and whole exon sequence of nuclear DNA
were analyzed by targeted region capture and high-throughput
sequencing, but failed to detect any significant variant.

The patient had no risk factors for ischemia stroke. None
of his parents or siblings experienced migraine headaches or
auras. Given the negative family history and molecular genetic
analysis, as no other etiology could be evidenced, the diagnosis
of prolonged sporadic hemiplegic migraine was considered the
most likely. The patient was treated with diclofenac (75mg, qd) to
relieve headache, flunarizine (10mg, qn) and topiramate (50mg,
bid) for migraine prophylaxis, and glycerine fructose to alleviate
cerebral edema. The headache relieved slightly while neurological
impairment symptoms persisted without resolution. On day
15 since the second episode onset, headache deteriorated with
aggravated limbweakness andworsened consciousness. Repeated
brain MRI revealed aggravated cortical edema involving the
entire left hemisphere. MRA showed prominent vasodilation
of left MCA and PCA while PWI showed hyperperfusion in
corresponding region (Figure 3). Headache and neurological
symptoms subsided gradually and spontaneously during the next
2 weeks and the patient was discharged on prophylactic dose of
flunarizine (10mg, qn) and topiramate (50mg, bid).

During the following 2 months, HM episode recurred four
times even though the patient adhered to the prophylaxis.
Two months later, the patient was hospitalized again and
a percutaneous procedure of PFO closure was performed
successfully. The patient experienced substantially reduced
frequency of episodes after the PFO closure, without taking
any prophylactic medication for migraine. On 18-month follow-
up, he reported only two episodes of mild headache with
mild weakness and numbness lasting for <3 h. However, visual
impairment did not resolve completely in bilateral visual field.

DISCUSSION

Aura symptoms of HM usually fully resolve within 24 h.
Although cases with slow recovery and neurological symptoms
that lasted up to weeks and months have been described,
permanent attack-related deficit was rare. Several case reports
showed diffusive or hemispheric cortical edema with diffusion
restriction during acute phase of HM attacks, which were
mostly reversible after attack resolution. To our knowledge,
only two cases reported attack-related permanent sequelae
with corresponding irreversible neuroimaging changes in
hemiplegic migraine (5, 6). Our patients, who had a long
history of recurrent attacks of HM, developed irreversible
visual deficits as a result of two prolonged attacks that
were associated with neuroimaging changes manifested as
cortical necrosis.
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FIGURE 1 | MRI findings in the first prolonged attack. MRI performed 5 days after attack onset demonstrates right temporo-occipital lobe hypointensity on

T1-weighted image (A) and hyperintensity on T2-FLAIR image (B) with restricted diffusion on DWI (C). MRI performed 4 weeks after symptom onset demonstrated

right temporal–occipital cortical hyperintensity on T1-weighted images (D).

FIGURE 2 | MRI performed 10 days after onset of the second prolonged attack. Right temporal-occipital hyperintensity on T1-weighted images (A) with gliosis on

T2-FLAIR images (B) suggests the chronic stage of cortical necrosis caused by first prolonged attack. Left temporal–occipital cortex hyperintensity on T2-FLAIR

images (B) with gyriform enhancement (C), restricted diffusion (D), and normal apparent diffusion coefficient (ADC) (E) suggests the subacute stage of cortical necrosis

caused by second prolonged attack. MRA demonstrated vasodilation of the branches of the left middle cerebral artery (MCA) and posterior cerebral artery (PCA) (F).
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FIGURE 3 | MRI performed 15 days after the onset of the second prolonged attack. DWI showed extensive cortical edema with diffusion restriction involving the left

hemisphere (a). T1-weighted images showed slight hyperintensity in left temporal–occipital lobe and volume loss of right temporal–occipital lobe, suggestive of

subacute and chronic stage of cortical necrosis, respectively (b). Gadolinium-enhanced T1-weighted images showed cortical enhancement in the left

temporal–occipital lobe (c). MRA showed dilation of left MCA and PCA (d). PWI showed increased cerebral blood flow (CBF) (e) and cerebral blood volume (CBV)

(f) in the left hemisphere. Region of interest (ROI) placed on the left temporal–parietal area showed a mean relative CBF value of 486.1 compared with that of 123.1 on

the right temporal–parietal area. ROI placed on the left temporal–parietal area showed a mean relative CBV value of 533.1 compared with that of 129.8 on the right

temporal–parietal area.

Cortical necrosis is a permanent injury characterized by
selective necrosis of the cerebral cortex. It is generally caused
by severe long-lasting cerebral metabolism impairment and
energy depletion. Image features are characterized by gyriform
hyperintensity of the cerebral cortex on FLAIR and gadolinium-
enhanced images in acute phase. Hyperintensity on T1-weighted
images often appears 2 weeks after the events and may last
up to 2 years (7). In our patient, the gyriform enhancement
and hyperintensity on FLAIR and T1-weighted images were
consistent with the characteristics of cortical necrosis.

Cortical necrosis has been reported in both mitochondrial
encephalopathy as well as convulsive and non-convulsive
epilepsy status, which should be considered as differential
diagnosis for this patient. Mitochondrial encephalopathy was
not considered based on normal serum lactate level, absence

of other clinical features, and negative genetic tests. Epilepsy
and migraine are common comorbidities and sometimes
difficult to be clinically differentiated. They share similar trigger
factors, course of attacks, and accompanying neurological deficit
including changes of consciousness. They even overlap on
pathophysiological and genetic mechanisms. Different mutations
in causative genes of familial hemiplegic migraine can produce
either migraine, epilepsy, or both. In this case, epilepsy cannot
be completely ruled out, although it was considered less likely as
the cause leading to cortical necrosis for the absence of typical
symptoms/signs suggestive of epilepsy, and lack of epileptic-like
discharge on repeated long-term EEG.

Cortical necrosis has also been reported in migrainous
infarction (8), an uncommon complication of migraine with
aura, defined as cerebral ischemic infarction that occurs during
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TABLE 1 | Persistent neurological deficit with perfusion studies in HM attacks.

Reference Agea Sexb Neurological deficitc Attack

durationd

Neuroimaging Prognosisg

Timee Neuroimaging findingsf

(13) 13/10.5 F Hemiplegia (R), seizure,

aphasia

2w During attack MRI: hemispheric swelling (L)

MRA: MCA (L) dilation

Right hemiplegia (>2w)

(14) 44/34 M Hemiplegia (R), coma, fever,

dysphasia, seizure

1.5m 6 d SPECT: normal perfusion Unconsciousness,

bedridden (8m)1m MRI: hemispheric edema (L)

(15) 21/nd M Hemiplegia (R), aphasia 10 d <6 h DWI and MRA: normal

PWI: hemispheric hyperperfusion (L)

Aphasia (>2w)

4 d PWI: frontal lobe hyperperfusion (L)

(9) 35/12 F Hemiplegia (R), confusion,

visual defect, aphasia

10 d 4 d MRA: MCA (L) dilation

SPECT: hyperperfusion (L)

ND

(16) 33/10 F Hemiplegia (L), visual defect,

disorientation, confusion

>1w 1w MRI: hemispheric cortical swelling with diffusion

restriction and enhancement (R)

PWI: temporoparietal hyperperfusion (R)

Complete recovery (3m)

(5) 50/40 M Hemiplegia (A), aphasia,

confusion

>2w 2w MRI: diffusive cortical edema with enhancement

MRA: MCA and PCA dilation ipsilateral to

cortical lesions

FDG–PET: increased FDG uptake within cortical

lesions

Unable to live alone (4m)

(17) 20/8 F Hemiplegia (L), seizure >11 d 1 d MRI: hemisphere swelling (R) with dural

enhancement

MRA: MCA and PCA dilation (R)

PWI: hemispheric hyperemia (R)

Left arm weakness (2w)

6 d CTA: persistent MCA and PCA dilation (R)

CTP: hemispheric hyperperfusion (R)

(18) 64/40 M Hemianopsia, cognitive

impairment

>16 d 5 d MRI: temporal (R) and occipital (R) cortical

edema with diffusion restriction and

enhancement

MRA: MCA and PCA dilation (R)

PWI: temporal (R) and occipital (R)

hyperperfusion

Visual field defect (50 d)

9 d PWI: temporal (R) and occipital (R)

hyperperfusion

16 d Xe_CT: temporal (R) and occipital (R)

hyperperfusion

(19) 21/14 M Hemiplegia (R), hemianopia

(R), aphasia

2w 8h DWI and PWI: normal Aphasia (2w)

7 d PET: hemispheric hyperperfusion (L)

(20) 22/15 F Hemiplegia (R),

hemianesthesia,

photophobia, aphasia,

cognitive dysfunction

6w <24 h MRI: normal Cognitive deficits and

hemianesthesia (9m)

10 d MRI: hemispheric cortical edema with diffusion

constriction (L)

(21) 27/8 M Hemiplegia (R), visual

symptoms, hemianesthesia,

cognitive slow, confusion

1w During attack DWI: normal

ASL: occipital, parietal, and posterior temporal

lobe hyperperfusion (L)

Speech influency (6m)

(10) 44/39 M Hemiplegia (L), fever,

seizure, photophobia

9 d 4.5 h MRI: normal

PWI: hypoperfusion

Cognitive impairment

(4m)

(22) 43/nd M Hemiplegia (L), confusion >1w 5 d MRI: hemispheric cortical edema with

enhancement (R)

PWI: hyperperfusion

ND

(23) 7/nd M Hemiplegia (L), fever,

confusion

5w 1w DWI: hemispheric edema (R)

MRA: hemispheric vasodilation (R)

ASL:hemispheric hypererfusion (R)

Hemiplegia (>5w)

aAge at attack/age at HM onset; nd, not described. bM, male; F, female. cR, right; L, left; A, alternating. dh, hour; d, day; w, week; m, month. eTime after attack onset. fDWI,

diffusion-weighted imaging; MRA, magnetic resonance angiography; PWI, perfusion-weighted imaging; ASL, arterial spin labeling MRI; Xe_CT, xenon_CT; SPECT, single photon

emission computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography; MCA, middle cerebral artery; PCA, posterior cerebral artery. gResidual symptoms

(persistent duration).
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the attack of migraine with aura. In our case, migrainous
infarction should be considered. First, coexistence of common
risk factors for ischemic infarction, including hypertension,
diabetes, tobacco use, and hypercoagulability, was ruled out.
Second, cortical lesion extending over two blood vessel territories
argue against embolic infarction caused by PFO ormacrovascular
etiologies. On the other hand, deterioration of neurological
symptoms and aggravation of brain edema were associated
with persistent vasodilation and hyperperfusion in the affected
hemisphere during the second prolonged attack, indicating that
ischemia is probably not the only factor leading to prolonged
symptoms and cerebral edema.

In classic migraine with aura, it is believed that the aura
symptoms are associated with the initial focal hypoperfusion
whereas headaches are associated with later vasodilation. The
findings observed in our patient that aura symptoms are
persistent when imaging studies demonstrate vasodilation and
hyperperfusion seem opposite this theory, suggesting that
persistent neurological deficit in HM may be caused by
different mechanisms. In fact, both hypo- and hyper-perfusion
in the affected hemisphere during HM attacks have been
documented (9, 10). Several cases showed biphasic changes—
initial hypoperfusion followed by persistent hyperperfusion—
during prolonged aura (11), although the exact alternating time
was unclear, ranging from 5.5 to 18 h after the attack onset. As
summarized inTable 1, vasodilation or hyperperfusion ipsilateral
to affected hemisphere was observed in most prolonged attack
with persistent neurological deficit more than 1 week, especially
when perfusion was measured in the later stage of acute phase.
In those cases, the time window of detecting hyperperfusion
in affected hemisphere varied from 6 h to 16 days after attack
onset. Only one case reported persistent neurological deficit with
hypoperfusion during attack, in which the cerebral perfusion
was evaluated at very early phase within 4.5 h after attack
onset, suggesting that the reversal from hypoperfusion to
hyperperfusionmay be earlier than anticipated if biphasic pattern
is a universal phenomenon during HM attack. Most patients
including the present case were not evaluated for cerebral
perfusion during the early stage, thus might have missed the
initial hypoperfusion stage. As a result, continuous cerebral
perfusion monitoring covering early and late stage during attack
is valuable to clarify the biphasic pattern of cerebral perfusion and
the exact reversal timing.

The mechanism underlying vasodilation and hyperperfusion
remains unknown. Hypothesis suggested that vasodilation was
caused by increased energy demand due to intrinsic neuron
activation during prolongedHM attack.When cerebral perfusion
is not sufficient, energy depletion and metabolite accumulation
occur, leading to hypermetabolic neural necrosis. Another
hypothesis speculated that vasodilation is caused by impaired
cerebral artery autoregulation. Persistent vasodilatation could
lead to hyperperfusion brain damage, which could result in
brain edema and cortical necrosis on MRI (12). Also, given
the biphasic neurovascular changes observed in prolonged
HM attacks, it is speculated that persistent vasodilation
or hyperperfusion might be a compensatory phenomenon
secondary to extremely severe initial hypoperfusion. Based on

the aforementioned hypotheses, persistent hyperperfusion might
indicate serious cerebral metabolic disturbance, which may result
in irreversible neurological impairment. In our patient, persistent
hyperperfusion lasting up to 15 days after attack onset ultimately
leads to cortical necrosis and permanent neurological deficit.

Another notable aspect in our case was the presence of a
PFO. Observational studies suggested that PFO closure may
reduce migraine attacks (4), but results from randomized trials
were controversial (24, 25). Due to the rarity of HM, only
three cases reported the closure of PFO in HM patients.
All of the three patients gained partial or complete relief
from attacks after PFO closure (26–28). In our case, disabling
attacks refractory to medication were remarkably reduced after
PFO closure without taking prophylactic medication, adding
to the evidence that HM patients with PFO might benefit
from PFO closure. However, in the natural history of HM,
gradual relief at adulthood or long interval without attacks
could occur unpredictably, which we could not completely
rule out in our case. However, given the previous history that
frequency and severity of attacks gradually increase with age,
sudden spontaneous remission in our patients is less unlikely.
In addition, we noticed that migraine attacks may not cease
completely after PFO closure in our case and previous reported
cases, suggesting that PFO was not the only factor contributing
to HM attacks.

CONCLUSION

This case indicates that prolonged hemiplegic migraine attack,
although rare, could result in irreversible neurological deficit
with neuroimaging changes manifested as cortical necrosis.
Prolonged hyperperfusion in the affected hemisphere may
indicate prolonged attack and even irreversible brain damage.
Continuous cerebral perfusion monitoring is valuable to clarify
the neurovascular changes during HM attacks, and to understand
the mechanisms underlying persistent neurological deficit.
Closure of PFO might alleviate the attacks, thus preventing
the patient from disabling sequelae. The association between
PFO and HM, and the efficacy of PFO closure in HM need
to be confirmed in randomized controlled studies. However,
for patients with prolonged or intractable hemiplegic migraine,
screening for PFO is recommended as patients might benefit
from the closure of PFO.
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