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Efficacy of anti-calcitonin
gene-related peptide monoclonal
antibodies in hemiplegic
migraine: a case report and
review of literature

Maté Héja®* and Laszlo Olah

Department of Neurology, Faculty of Medicine, University of Debrecen, Debrecen, Hungary

Hemiplegic migraine (HM) is a rare subtype of migraine with aura characterized
by transient unilateral motor weakness during attacks. Although monoclonal
antibodies (mABs) targeting the calcitonin gene-related peptide (CGRP) pathway
have shown efficacy in migraine prevention, their role in HM remains largely
unexplored, since these patients are generally excluded from randomized clinical
trials aimed at developing migraine preventive drugs. We present a case of a
middle-aged woman with chronic migraine and recurrent hemiplegic episodes
treated with fremanezumab. After 11 months of monthly 225 mg subcutaneous
fremanezumab injections, the patient experienced a substantial reduction in monthly
headache days, aura episodes, and symptom severity, without safety concerns.
This case adds to the emerging evidence supporting CGRP mABs as a potential
therapeutic option for HM. Further research is needed to elucidate their precise
mechanism and determine their efficacy in broader HM populations.
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1 Introduction

Migraine is one of the most prevalent and disabling neurological disorders characterized
by recurrent attacks of moderate or severe throbbing headache, typically unilateral and
frequently accompanied by nausea and sensitivity to light and sound. According to the Global
Burden of Disease study in 2019, migraine is the second leading cause of disability, and first
among women aged 15 to 49 (1). One-third of migraineurs experience aura symptoms, which
are integral parts of the migraine episodes and consist of a group of transient focal neurological
symptoms that last from 5 to 60 min and usually resolve prior to or in the early phase of a
migraine headache. The current criteria of the International Classification of Headache
Disorders (ICHD-3) distinguish between typical aura (visual, sensory, speech or language
disturbances) and atypical aura with brainstem symptoms, in addition to hemiplegic and
retinal forms (2). Hemiplegic migraine (HM) is a rare subtype of migraine with aura including
motor weakness. To diagnose HM, the following criteria must be met: (1) at least two attacks
fulfilling the criteria for migraine with aura; (2) fully reversible motor weakness; (3) fully
reversible visual, sensory or speech/language symptoms (2). The presence of both headaches
and aura symptoms in HM significantly increases the burden on patients, and the management
of HM can be challenging. Furthermore, patients with HM represent a significant portion of
stroke mimics and may lead unnecessary and potential harmful treatments (e.g., thrombolysis)
(3). Monoclonal antibodies (mABs) targeting the calcitonin gene-related peptide (CGRP)
pathway represent a novel treatment approach in migraine prevention. Currently, there are
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four mABs approved as migraine preventive treatment: galcanezumab,
eptinezumab and fremanezumab are antibodies that target CGRP
ligand, whereas erenumab targets CGRP receptor. They all have
demonstrated efficacy, safety and tolerability in multiple randomized
clinical trials in adults with both episodic and chronic migraine (4)
and are thus recommended for migraine prevention in the latest
guidelines (5); however, the literature regarding their effectiveness in
HM is scarce. Here, we present a case where fremanezumab was
successfully used to treat a patient with HM in our tertiary headache
center, and review the available literature on the topic.

2 Case description

A 53-year-old smoker female patient with well-treated
hypertension, bronchial asthma, mixed anxiety-depressive disorder
and goiter was admitted to our Neurological Intensive Care Unit in
December 2021 as a stroke-alert with sudden onset of left sided
weakness and facial droop. The patient reported that at the onset of
the symptoms, she experienced numbness in the left-sided limbs,
followed by difficulties with speech. Approximately 20 min later, an
intense, throbbing headache similar to previous episodes started on
the right side, accompanied by weakness in the extremities on the left.
On admission, her neurological examination revealed moderately
severe left sided hemiparesis and central facial palsy (NIHSS: 6 points)
accompanied by mild occipital headache, paresthesia in the left
upper and lower limb, nausea and dizziness of varying intensity.
Non-contrast cerebral computed tomography (NCCT) showed no
signs of bleeding or acute ischemic lesion, CT-angiography did not
reveal occlusion or significant stenosis on the major cervical and
intracranial arteries. Based on the clinical symptoms, right
hemispheric ischemic stroke was suspected and intravenous
thrombolysis was started.

The patients neurological status did not change during
thrombolysis however, by the next day, her neurological symptoms
and accompanying complaints had resolved. CT scan performed 24-h
after the onset of symptoms was negative. Routine cerebrovascular
(blood profile,
echocardiography) did not reveal any abnormality. Detailed medical

check-up carotid ultrasound, transthoracic
history was taken, during which it was revealed that about a year
before, the previously infrequent headaches became much more
frequent. According to the patient (prior to this event, she did not
keep a headache diary), the headache was unilateral, throbbing type,
moderate or severe intensity, had temporoparietal localization, and
accompanied by nausea, vomiting and light sensitivity 3-5 times per
week. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as
ibuprofen and diclofenac failed to control these attacks. The number
of monthly migraine days (MHDs) in the past 3 months had exceeded
20. Since the number of headache days exceeded 15 days per month
for more than 3 consecutive months, which, on at least 8 days per
month, had the features of migraine headache, the patient fulfilled the
diagnostic criteria for chronic migraine (2). She used over-the-counter
painkillers on a daily basis, therefore, medication overuse headache
(MOH) also worsened the patient’s condition. Her family history was
negative in terms of migraine, she had no siblings or children. Sodium
valproate was initiated for prophylaxis, in addition to low-dose aspirin
for secondary stroke prevention. We encouraged the patient to keep a
headache diary.
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Nine months later, the patient was admitted to our department
again due to headache accompanied by left-sided weakness and facial
asymmetry within the thrombolytic time window. According to the
patient’s report, the sequence of symptom onset was identical as
described above. Upon admission, physical examination revealed mild
left-sided hemiparesis, left sided central facial palsy and varying
degrees of motor aphasia (NIHSS: 5 points). NCCT and
CT-angiography were negative. Since the patient had disabling
symptoms, an ischemic stroke could not be ruled out, she was within
the thrombolytic time window, and there were no contraindications
to reperfusion therapy, systemic thrombolysis was performed. Despite
the treatment the hemiparesis persisted the following day and resolved
gradually the day after. Analgetic infusions were needed multiple
times to decrease the intensity of headache. Follow-up CT scan did
not show any ischemic lesion or bleeding. Given the patient’s young
age and the recurrence of stroke events within a short period of time,
a thorough cerebrovascular investigation was conducted.
Transoesophageal echocardiography (TEE) did not reveal any source
of cardiogenic emboli. 24-h electrocardiogram monitoring did not
detect arrhythmias. Magnetic resonance imaging (MRI) of the brain
showed two T2 and FLAIR hyperintense foci in the right frontal
subcortical  region  without any clinical  significance.
Electroencephalography (EEG) showed generalized beta activity
without any epileptiform discharges (the patient was taking
benzodiazepines regularly due to psychiatric comorbidity).
Thrombophilia screen test did not reveal any evidence of inherited
deficiencies of naturally occurring anticoagulant factors, or antibodies
associated with anti-phospholipid syndrome. Platelet aggregation test
showed complete inhibition on low-dose aspirin treatment.
Examination of the cerebrospinal fluid (CSF) showed normal cell
count, mildly elevated protein concentration (60.5 mg/dL) and normal
immunoglobulin G level with polyclonal pattern. Lactate stress test
ruled out mitochondrial disease and family history was also negative.
The patient stated that while taking the previously recommended
sodium valproate, she experienced a skin rash and discontinued the
medication. Based on the headache diary, she had 17 + 1.15 (SD)
MHDs on average, the average duration was 11.8 + 7.8 h and average
severity was 7.9 + 1.7 from 10 according to the Visual Analog Scale
(VAS) per occasion. Typical aura symptoms (mostly sensory) occurred
once or twice per month during the attacks. Bothersome symptom
occurred on average over 14 + 1 days, and acute medication use
occurred on average over 14.3 + 1.2 days, therefore the criteria for
MOH were met (2). She reached 29 points on Migraine Disability
Assessment test (MIDAS). The recurring headache attacks with
completely reversible motor symptoms, along with the migraine
history, raised the possibility of hemiplegic migraine. Topiramate was
started as a migraine preventive drug.

Another six months later, the patient was again transported to our
department by paramedics due to symptoms practically identical to
the previous ones. Upon admission, in her neurological status left
sided central facial palsy, severe left upper extremity paresis,
moderately severe left lower extremity paresis, left sided paresthesia
and tactile hypesthesia and motor aphasia were seen. An urgent brain
MRI was performed, which showed diffuse cortical hyperintensity on
T2, FLAIR and DWT sequences without any signs of hyperacute stroke
(Supplementary Figure S1). Therefore, thrombolysis was not
performed. We administered 1,000 mg of paracetamol infusion

accompanied by antiemetics to treat the patient’s migraine headache
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and as a result, her neurological symptoms and the headache
improved; 150 however, mild hemiparesis was still seen on the
following day. EEG and CSF examination were repeated with negative
results. Magnetic evoked potential (MEP) was performed and it
showed decreased cortical amplitudes bilaterally suggesting
intracranial pyramidal tract lesion. The patient 153 stated that
topiramate caused unbearable dizziness and daytime drowsiness,
therefore, after a few 154 weeks, she stopped taking the medication.
The headache parameters did not change over the past 155 period.
Since the patient did not tolerate two preventive medications, a trial
of fremanezumab with a 156 monthly 225 mg subcutaneous injection
was proposed. After being informed of the potential risks and 157
current evidence, the patient provided consent. At 12 weeks of
treatment, the number of MHDs 158 decreased to 3 or 4 with shorter
duration, less severe intensity and without or less bothersome 159
accompanying symptoms. Follow-up MRI showed complete
regression of cortical hyperintensity. 160 Currently, she is under
treatment with fremanezumab for 11 months, and the efficacy
particularly with 161 regards to frequency and duration of the
headaches has been improving over time. According to the headache
diary from her last visit to the clinic, MHDs, average duration, and
average severity on VAS 163 were 3.6 + 0.6 days, 2.2 + 1.1 h,and 5.9 +
1.2, respectively. Bothersome symptom occurred on average over 1.3
+ 0.6 days, and acute medication use occurred on average over 2 + 1
days. Her MIDAS score was 5. Across the treatment period, no
migraines with motor or other aura symptoms occurred. No side 166
effects were reported. Figure 1 presents the patient's brief history in
the form of a timeline.

3 Discussion

HM is an uncommon subtype of migraine with aura characterized
by the temporary weakness on one side of the body as aura
manifestation in at least a few of the attacks. Although “plegia” means
paralysis, in most cases, the attacks are characterized by weakness

10.3389/fneur.2025.1579203

rather than complete paralysis; however, weakness can rarely
be bilateral and sometimes it may switch/change side during the
attacks (2). A key characteristic of HM is that the symptoms resolve
completely; however, the weakness may outlast the headache and
rarely can last up to 4 weeks (6). Since, there are no pathognomonic
clinical, laboratory or radiological findings in HM, the diagnosis is
primarily based on detailed history and the exclusion of other
possible causes.

Here, we presented a case of a middle-aged woman with a history
of chronic migraine and severe headache attacks accompanied by
aphasic, sensory and motor aura, highly suspected for HM; however,
at first glance, she presented a real differential diagnostic challenge.
The ictal onset of focal neurological deficits, in the presence of vascular
risk factors (hypertension, smoking), raised the impression of an acute
stroke; therefore, the patient’s care was conducted according to the
stroke protocol in every occasion. If the history and physical
examination suggest ischemic stroke, the initial imaging rules out
intracranial bleeding and the patient is otherwise eligible for
reperfusion treatment, the general rule is that the worst should
be assumed, and thrombolysis should be performed. Numerous case
studies have already demonstrated that HM can mimic a stroke when
attacks have an abrupt onset and aura is prolonged (7, 8) and, as in our
case, it may lead to unnecessary thrombolytic therapy. To avoid the
misdiagnosis, it is important to describe the correct order and
duration of the symptoms, to take a detailed family history and to
perform an appropriate clinical examination. Although our patient’s
family history was negative for migraine, we had a strong suspicion of
hemiplegic migraine due to the following reasons: recurrent,
stereotyped and transient episodes of sensory-motor deficits followed
or accompanied by headache attack with features of migraine, history
of chronic migraine, normal CT and MRI scan, and negative thorough
cerebrovascular investigation.

The pathomechanism of HM is not fully understood and involves
both genetic and neurovascular factors. Familial hemiplegic migraine
(FHM), an autosomal dominant hereditary form of HM, is linked to
mutations in specific genes (CACNA1A, ATP1A2, SCN1A) that

1st admission due to acute stroke
symptoms. Thrombolysis was
done. Routine vascular check-up
was negative. Detailed medical
history revealed chronic migraine.
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VAS, Visual analog scale; MIDAS, Migraine disability assessment.
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encode ion channels and transporters critical for neuronal excitability
and synaptic transmission. These mutations disrupt ionic homeostasis,
increasing cortical excitability and susceptibility to cortical spreading
depolarization (CSD) (9). CSD is considered the underlying
mechanism for the aura phase of migraine, including the motor aura
in HM (10). In FHM, the genetic mutations enhance the brain’s
vulnerability to CSD, contributing to transient neurological deficits
such as hemiparesis. Sporadic hemiplegic migraine (SHM) shares
similar pathophysiological mechanisms with FHM but lacks a clear
familial inheritance pattern. Environmental triggers and acquired
alterations in neuronal excitability may play a more prominent role in
SHM (11).

Over the past 30 years, both clinical and preclinical studies have
proven that CGRP has an essential role in migraine pathophysiology
(12). CSD can trigger the release of CGRP in a calcium-dependent
manner (13), and blocking CGRP receptors has been shown to
suppress CSD-induced arterial dilation and plasma protein
extravasation, suggesting a role of CGRP in CSD-related vascular
changes (14). Understanding the interplay between CGRP and CSD
has led to the development of CGRP-targeted therapies. However, the
role of CGRP in HM is not well-established and has been a subject of
research. A study conducted by Hansen et al. on 9 genetically
confirmed FMH patients showed that CGRP infusion did not induce
aura symptoms in any of the participants and there were similar rates
of reported migraine-like headaches compared to healthy control
group (15). A similar Danish study on 11 FMH patients with no
identified gene mutations found no difference in terms of reported
migraine-like attacks and similar rates of post-infusion headache
compared to healthy individuals (16). These findings suggested that
the pathophysiologic pathways underlying headache and aura in FHM
may be different from the common types of migraine and raised
questions about the effectiveness of CGRP antagonists in
treating FHM.

Since, there are no randomized controlled trials in patients with
HM, the current therapeutic recommendations are based on case
reports and small studies which have suggested that calcium channel
blockers, such as verapamil and flunarizine, acetazolamide and certain
antiepileptic drugs, such as lamotrigine, valproic acid and topiramate
may be effective as a preventive medication (6). While early research
questioned the role of CGRP in HM, more recent studies indicated
that CGRP targeted therapies may offer benefits to some HM patients.
Danno et al. reported a case series on six HM patients, four with SHM
and two with FMH, treated with galcanezumab, a monoclonal
antibody targeting the CGRP-pathway. After 3 months of treatment,
three patients experienced a reduction in the number of monthly
headache days of at least moderate severity, motor weakness decreased
in four of the six patients and disappeared in two of these patients, and
improvement in MIDAS score was observed in five of the six
participants. None of the patients reported adverse effects (17). More
recently, D’Apolito et al. reported a case of a woman with frequent
migraine attacks, preceded by aphasic, sensory and motor aura, highly
suspected for HM, with a novel missense mutation in the SCN1A gen.
The attacks were unresponsive to NSAIDs and triptans, and preventive
therapy with topiramate and amitriptyline was unsuccessful. After
three doses of galcanezumab she experienced great improvement of
headache frequency and intensity, which was persistent at one-year
follow up, moreover, the patient did not report any hemiplegic aura
episodes (18). In a very recent case study, Antenucci et al. reported a
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young male patient with SHM carrying a CACNAIA mutation with
frequent headache attacks accompanied by visual, sensory and motor
aura. The attacks showed minimal response to NSAIDs, with requiring
an average intake of 19 tablets a month, while traditional preventive
medications (e.g., topiramate, lamotrigine, amitriptyline) were either
ineffective or poorly tolerated. After three doses of eptinezumab, the
patient demonstrated significant improvement in headache and aura
frequency with a reduction of NSAID use and MIDAS score. At the
six-month follow-up, the improvement remained consistent with a
58% reduction in headache days per month and a 67% decrease in
motor aura attacks per month. No adverse events were
documented (19).

It is worth emphasizing that, there are similarities between our
patient and the previously reported cases. Firstly, all of the patients
experienced high-frequency, disabling migraine attacks with
medication overuse, and they either failed at least two preventive
medications or were intolerant to other therapies. The anti-CGRP
treatment effectively improved all headache parameters, including
frequency, intensity, NSAID usage, associated symptoms and MIDAS
score, resulting in a significant improvement in the patient’s quality of
life. According to our patient, the improvement of quality of life was
the greatest success of the treatment. This supports the fact that CGRP
antagonists can be effective even in such difficult-to-treat cases,
without significant safety concerns. Secondly, not only did the
headache improve, but the patients demonstrated a beneficial effect
on aura recurrence also, both typical and motor auras. To our
knowledge, this is the first presented case of a positive response to
fremanezumab in a patient with SHM. This observation provides
additional evidence supporting the role of CGRP in the pathogenesis
of aura in HM patients, however the exact mechanism is still
unknown. CGRP mABs are large molecules that do not readily cross
the blood-brain barrier (BBB) under normal conditions, and their
primary mechanism of action is believed to be peripheral, targeting
the trigeminovascular system (20). However, recent studies suggest
that these antibodies may have indirect effects on central nervous
system activity. For instance, research has shown that treatment with
erenumab and galcanezumab can alter brain activity in areas such as
the hypothalamus, the periaqueductal gray matter and secondary
somatosensory cortex, which are involved in migraine
pathophysiology (21, 22). In a recent cohort study conducted by Braca
et al. the anti-CGRP mABs, including fremanezumab, were proven
highly effective in migraine with aura, both in reducing mean monthly
aura days and mean monthly days with headache. They hypothesized
that by inhibiting the action of CGRP, anti-CGRP mABs can reduce
neuronal excitability, suppress the release of other neurotransmitters
associated with CSD, and decrease the brain tissue’s vulnerability to
CSD (23). However, a recent study using animal models of migraine
aura found that fremanezumab was able to slow the propagation of
CSD but did not prevent its initiation, suggesting that other
mechanisms are also involved in CSD initiation (24). Further studies
are needed to provide a more comprehensive understanding of impact
of anti-CGRP mABs on the pathophysiology of migraine with aura.

Since this is a case report, it is difficult to generalize our findings,
which represents the main limitation of our work. Furthermore, no
genetic testing was performed in our patient, primarily due to
financial constraints, which limits the comparison of this case with
previously reported FMH patients and sporadic cases with novel
mutations. Another limitation, is that the follow-up period was only
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11 months, which is comparable to the average attack frequency
observed in patients with HM (1-3 attacks per year). Therefore, in
order to clearly conclude the effectiveness of fremanezumab in HM, a
longer follow-up is necessary. Nevertheless, this case report still
provides additional evidence regarding the potential use of anti-CGRP
mABs in the treatment of this rare migraine variant.

4 Conclusion

The diagnosis of HM is difficult due to its rarity and distinctive
clinical presentation, which can mimic other, more common
neurological conditions, such as acute stroke. Due to the limited
evidence, there are no clear recommendations regarding the use of
anti-CGRP mABs in HM. Our findings suggest that fremanezumab
provides an effective and safe alternative therapeutic option in patients
with high degree of disability and no response to conventional
preventive treatments. Future studies are needed to determine
whether anti-CGRP antibodies truly offer a valid option in HM, and
to identify which patients are most likely to benefit from this treatment.
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Glossary

BBB - Blood-brain barrier

CGRP - Calcitonin-gene related peptide
CM - Chronic migraine

CSD - Cortical spreading depolarization
CSEF - Cerebrospinal fluid

DWI - Diffusion-weighted imaging
FHM - Familial hemiplegic migraine
EEG - Electroencephalography

HM - Hemiplegic migraine

ICHD-3 - International Classification of Headache Disorders-3
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mAB - Monoclonal antibody

MIDAS - Migraine disability assessment

MEP - Magnetic evoked potential

MHD - Monthly headache days

MOH - Medication overuse headache

MRI - Magnetic resonance imaging

NCCT - Non-contrast cerebral computed tomography
NIHSS - National Institute of Health Stroke Scale
NSAID - Nonsteroidal anti-inflammatory drug

VAS - Visual analog scale
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