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Background: Hemiplegic migraine, a less common variant of migraine, is the focus of this paper. Within the scope of this study, we
present a case of hemiplegic migraine that bears the potential for misdiagnosis, particularly as encephalitis.

Brief introduction to the Disease: The patient developed a right-sided headache a day prior to admission, accompanied by fever,
nausea, vomiting, and left-sided limb weakness. On the fourth day, the patient experienced a grand mal epilepsy, marked by
unconsciousness, leftward deviation of both eyes, limb convulsions, and foaming at the mouth. Cerebrospinal fluid analysis revealed
no apparent abnormalities, Electroencephalography showed abnormal slow waves, imaging studies indicated swelling and meningeal
thickening in the right cortex, and genetic testing identified a heterozygous mutation in the ATPIA2 gene. The diagnosis was
hemiplegic migraine, and the patient received symptomatic supportive treatment, leading to improvement and subsequent discharge.
Flunarizine and sodium valproate were prescribed post-discharge, and the patient achieved complete recovery after a one-month
follow-up.

Conclusion: Apart from experiencing headaches, patients with hemiplegic migraine may exhibit additional symptoms like fever,
epilepsy, and hemiplegia. These manifestations warrant clinical attention, and if deemed necessary, genetic testing should be
conducted, and this is an autosomal dominant pattern.
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Introduction

Migraine is a prevalent neurological disorder marked by recurrent, throbbing, and one-sided headaches that significantly
impact patients’ work and daily lives. Hemiplegic migraine, a rare subtype characterized by reversible motor aura, is
inadequately explored, with an estimated prevalence of 1 in 10,000, as initially reported in Denmark." As per the criteria
outlined in the 3rd Edition International Classification of Headache Disorders (ICHD-3),” patients fall into either sporadic
hemiplegic migraine (SHM) or familial hemiplegic migraine (FHM) categories, depending on whether their first-
or second-degree relatives have a confirmed diagnosis or similar symptoms, The International Classification of
Headache Disorders, 3rd edition (ICHD-3), provides specific diagnostic criteria for hemiplegic migraine, a rare subtype
of migraine characterized by reversible motor aura. To diagnose hemiplegic migraine, there must be at least two attacks
that meet the criteria for migraine with aura. The aura must consist of fully reversible motor weakness along with fully
reversible visual, sensory, and/or speech/language symptoms. According to the ICHD-3, the diagnosis of migraine with
aura is supported by the following criteria: A. At least two attacks that fulfill criteria B and C. B. One or more of the
following aura symptoms that are reversible: visual, retinal, sensory, brainstem, motor, speech, or language. C. At least
three of the following six characteristics: At least one aura symptom that spreads gradually over greater than 5 minutes.
Two or more symptoms in succession. At least one unilateral aura symptom. At least one positive aura symptom. Each

aura symptom lasting 5 to 60 minutes. Aura accompanied by or followed by headache within 60 minutes. D. No other
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ICHD-3 diagnosis accounting for the symptoms. This study focuses on the clinical data of a patient with hemiplegic
migraine carrying an ATP1A2 gene mutation, initially misdiagnosed as encephalitis (Table S1). The findings aim to
contribute to a more comprehensive understanding of hemiplegic migraine among healthcare practitioners through

a thorough literature review.

Clinical Data

The patient, a 17-year-old female, was admitted to the hospital on February 19, 2023, with symptoms of fever, headache,
and left limb weakness over the course of one day. The onset of headache, primarily on the right side, preceded
admission, accompanied by a fever peaking at 39.0 °C, as well as nausea, vomiting, and left limb weakness. Vomiting
consisted of non-coffee-colored stomach contents. The initial diagnosis at the local hospital was encephalitis. Various
diagnostic tests, including cranial magnetic resonance imaging (MRI), blood routine examination, myocardial enzymes,
blood glucose, liver function, renal function, blood lipids, blood homocysteine, coagulation function (five items),
glycosylated hemoglobin, myocardial infarction markers (three items), procalcitonin, and pro B type natriuretic peptide
(proBNP), revealed no significant abnormalities. The patient had a history of unexplained fever and left limb weakness
following startling incidents. Upon admission, the physical examination indicated a blood pressure of 110/65 mmHg,
drowsiness, unresponsiveness, unclear speech, and incomplete lateral deviation to the right side in both eyes without
noticeable nystagmus. Pupillary responses were isocoric and light reflexes were sensitive, with symmetrical bilateral
frontal lines and nasolabial folds. Gross measurements revealed grade 0 muscle strength in the left upper limb, grade 3
muscle strength in the left lower limb, and grade 5 muscle strength in the right limbs. Subsequently, a Babinski sign (+)
on the left side, and neck resistance was noted (+).

Following admission, a lumbar puncture was conducted, and an array of diagnostic tests were performed on
cerebrospinal fluid, including routine examination, detection of Cryptococcus neoformans capsular antigen, ink
staining, assessment of immunoglobulin levels, TORCH-IgM/IgG, Brucella antibody detection, Brucella aggluti-
nation test, antineutrophil antibody detection, qualitative detection of antinuclear antibodies, antinuclear antibody
spectrum, human immunodeficiency virus (HIV) and syphilis antibodies, thyroid function, erythrocyte sedimenta-
tion rate, and C-reactive protein (CRP). Results revealed no evident abnormalities. Cranial MRI indicated
localized meningeal thickening in bilateral cerebral hemispheres with enhanced signals, suggestive of potential
inflammation (Figure 1). The provisional diagnosis upon admission was to exclude central nervous system
infection. Symptomatic treatments, including analgesics, antivirals, antipyretics, and rehydration, were
administered.

On the fourth day, the patient experienced grand mal epilepsy, characterized by unconsciousness, leftward eye
deviation, mouth twitching, limb convulsions, unresponsiveness, foaming at the mouth, increased heart rate, and
decreased blood oxygen saturation. After three consecutive episodes, the patient was transferred to the neurological
intensive care unit. Cerebral non-contrast scanning revealed swelling of the right cerebral hemisphere cortex, raising the
possibility of inflammatory diseases, particularly meningoencephalitis (Figure 1). Anti-epileptic therapy with sodium
valproate, anti-infection therapy with ceftriaxone, antiviral therapy with ganciclovir, and dehydration treatments were
initiated.

By the 10th day post-admission, the patient’s condition improved. Further inquiry into the medical history revealed
a history of right-sided headache and left-sided limb weakness lasting 4 to 6 hours, which was spontaneously relieved.
Considering the clinical manifestations and medical history, hemiplegic migraine was considered, leading to the
prescription of flunarizine for prevention, and a gradual reduction in sodium valproate dosage. After one month of
follow-up, the patient fully recovered. Genetic testing revealed a nucleotide change (exon number) ¢.2998 (exon22)
G>A, amino acid change p.E1000K (p.Glul000Lys) at chromosome position chrl:160109738, and this is an auto-
somal dominant pattern. Due to the patient being an adoptee with no available family history or samples, it was
challenging to clearly differentiate between familial hemiplegic migraine (FHM) and sporadic hemiplegic
migraine (SHM).
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Figure | Cranial MRI at the time of admission and reviewed after the symptoms worsened. (The arrow indicates the swollen area).
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Discussion

Premonitory manifestations of hemiplegic migraine typically manifest as fully reversible hemi-limb weakness, accom-
panied by at least one premonitory symptom such as paresthesia, visual deficits, or dysarthria. The sequence of onset for
premonitory symptoms and the migraine itself varies, with instances of simultaneous occurrence.” In this case, the patient
exhibited persistent premonitory symptoms without a known family history, followed by severe encephalitis-like attacks.
According to pertinent literature, the limb weakness associated with this condition is typically hemi-lateral, predomi-
nantly affecting the right side, and progresses from distal to proximal. Alternating paralysis of both limbs may also be
observed, although simultaneous involvement of both left and right limbs is uncommon. Generally, premonitory
symptoms tend to subside within 20 to 60 minutes or up to three days. However, in some cases, symptoms may persist
for weeks or even months.* During the early stages of the disease, mild hemi-headache may be present, often localized to
one side or both sides with varying severity. The side experiencing the headache may be ipsilateral or contralateral to the
affected limb, and in 2% of cases, no headache is reported.” The clinical spectrum of the disease ranges from simple
migraine and hemi-myasthenia to severe conditions that may include additional symptoms such as epilepsy, cognitive
impairment, fever, posterior circulation-related defects, coma, and even permanent brain damage, including infarction,
cerebellar defects, cerebral atrophy, and death.®

Common triggers for hemiplegic migraine encompass bright light exposure, physical and emotional stress, sleep
deprivation, mild head trauma, and viral infections. These triggers can precipitate severe hemiplegic migraine attacks,
with digital subtraction angiography (DSA) testing also posing a potential trigger.*” In this case, further inquiry into the
medical history revealed episodes of right-sided headache and left limb weakness following head trauma, consistent with
common triggers.

The ATP1A2 gene associated with hemiplegic migraine is situated within the 0.9 Mb region at 1q23, comprising 23
exons spanning approximately 20 bases and encoding the alpha-2 subunit of glial Na+/K+-ATPase.® Heterozygous
pathogenic variants in this gene commonly result in type 2 FHM, type 1 alternating hemiplegia in children, type 98
developmental and epileptic encephalopathy, fetal movement disorders, respiratory insufficiency, microcephalus, poly-
gyria malformation, and facial deformity. Over 90 mutations, primarily missense mutations, have been identified in
ATP1A2, but there is no clear genotype-phenotype correlation.”'°

In a cohort of 14 Chinese patients with severe hemiplegic migraine involving ATP1A2 (p.P782R,"" p.G855E,"?

p.G715R," p.T378L,"* p.E825K," p.G825L'%), CACNAIA gene (p.R1352Q,'® p.P225H,"” p.T666M,'® p.F1502D,"’
p.S218L" p.V358M," p.TS1048L,"° p.L194Q""), 14 exhibited impaired consciousness, 7 had fever reaching up to
39 °C, and 6 experienced epilepsy attacks, a severe symptom. The affected individuals were predominantly children,
with adults being relatively less affected, possibly linked to a decreasing frequency and severity of episodes with
age.”’
During the disease onset and interictal phases, electroencephalography (EEG) may reveal abnormal slow waves in
one cerebral hemisphere in some patients. In cases with epilepsy, EEG may exhibit epileptiform discharges, potentially
making it more accurate and earlier than MRI in revealing impaired brain function. Although cranial imaging is typically
normal during or after a hemiplegic migraine attack, severe attacks may affect both cerebral hemispheres, with MRI
occasionally indicating cerebral edema and diffusion limitation on the contralateral side of hemiplegia. Most cases show
a return to normal imaging after symptom relief, with hemispheric atrophy or cortical lamellar necrosis being rare after
severe attacks.”'

Wang et al'*

reported a patient with negative results on apparent diffusion coefficient (ADC), diffusion-weighted
imaging (DWI), and T2-weighted imaging (T2WI), where only fluid-attenuated inversion recovery (FLAIR) revealed
increased cortical sulcus in the left hemisphere. The patient exhibited unilateral cortical lesions, demonstrating a lace sign
on DWI with slightly higher signals and slightly lower signals on ADC. Contrast-enhanced imaging indicated dural
enhancement, increased blood vessels on the brain surface, and enhanced signals on FLAIR. Symptoms such as migraine
slowly propagate in the cerebral cortex due to neuronal and glial depolarization, distinguishing it from other conditions
through imaging examinations, EEG, and laboratory testing.*** Distinctive attention is required to differentiate the
disease from autoimmune encephalitis, neuronal intranuclear inclusion disease (NIID), and mitochondrial

encephalopathy.?***
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Paralysis is an infrequent manifestation in bacterial encephalitis, with MRI typically revealing leptomeningeal
enhancement rather than enhancement of the gyri themselves. Herpes simplex virus encephalitis tends to manifest in
the anterior temporal lobe, hippocampus, insular lobe, and base of the frontal lobe, potentially affecting both hemispheres
in severe cases. However, in this instance, the lesions were strictly confined to one hemisphere, presenting as diffuse
lesions across the entire gyrus unilaterally. The typical imaging manifestations of mitochondrial encephalopathy include
migratory cortical lesions with pronounced cortical restriction. In this case, the patient exhibited normal lactate level at
rest, with no multisystem damage and exercise intolerance, and imaging showed atypical restricted diffusion. The
subcortical ribbon sign is predominantly observed in the imaging of NIID, with hemisphere edematous lesions
occasionally present. Brain atrophy may develop in later stages of the disease progression. Cerebral hypoperfusion
linked to hemiplegic migraine may result in eosinophilic inclusion body accumulation. Hence, accurate differentiation of
these diseases is crucial.

HM can be misdiagnosed as epilepsy, stroke, or other neurological disorders, particularly in cases where headaches
are not associated with the episode.The clinical features of HM include reversible unilateral limb weakness, visual,
sensory, or language impairments. HM has genetic aspects, especially when it presents as a familial condition, often
inheriting in an autosomal dominant pattern.Mutations in genes related to HM include CACNA1A, ATP1A2, and
SCNIA. Notably, the SCN1A gene is frequently associated with epilepsy, and epileptic seizures are commonly observed
in patients with familial Hemiplegic Migraine.** At present, no specific therapy has been established for hemiplegic
migraine, with symptomatic approaches being the primary course of action. Early initiation of preventive medication may
prove efficacious in diminishing the frequency of disease episodes. However, due to the limited patient population and
absence of randomized controlled trials, conducting clinical investigations to ascertain effective treatments during the
acute phase remains unfeasible. Currently, low-dose hormone therapy is advocated in clinical settings, showing potential
effectiveness. A case study documented the successful treatment of a severely afflicted child with glucocorticoids and
hypertonic saline, while memantine and butylphthalide have demonstrated potential for shortening the disease duration.?
Notably, caution is warranted when considering medications for prevention or acute management such as p-blockers,
triptans, and ergotamine derivatives, as they may exacerbate symptoms through vasoconstriction.

Conclusion

In brief, apart from headache, hemiplegic migraine may manifest with clinical symptoms such as fever, altered
consciousness, seizures, and hemiplegia. Imaging studies may reveal features resembling those of meningoencephalitis.
It is crucial to meticulously collect medical history during clinical assessments, remain vigilant for potential hereditary
conditions, and consider genetic testing when warranted.
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