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Chapter 5

Abstract

Background: Monogenic migraine syndromes offer insights into migraine
pathophysiology, but treatment is challenging due to low patient numbers and
lack of clinical trials. The Leiden Headache Centre is a national referral centre for
these disorders, including Hemiplegic Migraine (HM), Cerebral Autosomal Dominant
Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL),
and Retinal Vasculopathy with Cerebral Leukoencephalopathy and Systemic
manifestations (RVCL-S), providing an opportunity to review treatment effectiveness
and side-effects.

Methods: Medical records of patients with HM, CADASIL and RVCL-S were reviewed
on prescribed acute and preventive medications, treatment effectiveness and
side-effects.

Results: We included n=78 HM patients (median follow up years (FUY):1 IQR 1-5),
n=114 CADASIL patients (FUY:1 IQR 0-3) and n=28 RVCL-S (FUY:8 IQR 5-11) patients.
Most effective preventive drugs with the least side-effects for HM were lamotrigine,
valproate, topiramate, and acetazolamide. Valproate appeared effective in CADASIL,
whereas acetazolamide and propranolol showed efficacy in RVCL-S. Triptans were
used by 59% of patients (86/148) with migraine without vascular or other severe
lasting side-effects.

Conclusion: Preventive treatments aimed at aura symptoms appear to be effective in
rare migraine disorders, and triptans appear to be a safe option for acute treatment.
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Introduction

Migraine has a strong genetic component in its pathogenesis and is a hallmark
feature of several rare monogenic syndromes! Among these are hemiplegic
migraine (HM), cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL) and retinal vasculopathy with cerebral
leukoencephalopathy and systemic manifestations (RVCL-S).

HM is a subtype of migraine with aura that is characterized by motor weakness
during the aura phase. There are three known hemiplegic migraine genes: CACNAITA,
ATP1A2 and SCN1A.2 Not all patients have a mutation in one of these genes, indicating
that there might be undiscovered genes or that hemiplegic migraine might have a
multifactorial etiology in some cases, with for instance involvement of co-factor
genes such as PRRT2.! Mean attack frequency is usually lower than in the common
types of migraine, but patients with high attack frequency (sometimes including
non-hemiplegic migraine attacks) or severe symptomatology still require prophylactic
treatment.

CADASIL and RVCL-S are autosomal dominant small vessel diseases. They are caused
by heterozygous pathogenic mutations in the NOTCH3 and TREXT gene, respectively.'
These mutations lead to vasculopathy with cerebral involvement. In both disorders,
migraine is part of the phenotype. Migraine prevalence is approximately 40% in
RVCL-S and 50% in CADASIL.3#

While these monogenic disorders have contributed greatly to elucidating the
pathophysiology of migraine, to date little evidence is available to guide treatment
decisions in these patients. Most evidence comes from case reports and series
suggesting efficacy of lamotrigine, acetazolamide, verapamil, flunarizine and
propranolol.>® A review of migraine treatment in CADASIL indicated that betablockers
appeared a poor choice due to unfavorable treatment response.”®

Receiving adequate acute treatment can also pose challenges for patients diagnosed
with rare migraine syndromes. First choice in acute treatment is usually acetaminophen
or an NSAID. If common analgesics are not effective, triptans may be prescribed but
physicians seem reluctant to start triptans because of presumed vascular side-effects.
Migraine with aura was previously thought to be caused by ischemia, but regional
cerebral blood flow studies dispelled that notion." Moreover, sumatriptan-induced
vasoconstriction occurs only in the dilated vessels, without affecting normal ones.”
Small retrospective studies in HM and CADASIL patients showed side-effects were
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rare and minor.®" However, most guidelines still advise against using triptans for
patients with hemiplegic migraine or vascular disease.

In this study, we aimed to systematically assess the treatment response and adverse
events associated with migraine treatment in patients with HM, CADASIL, and RVCL-S,
who were seen at our specialized out-patient clinic.

Methods

Participants and procedures

We included patients diagnosed with HM, CADASIL, and RVCL-S, who were referred
to the specialized Leiden Headache Centre (national referral centre for rare migraine
syndromes) between 2011 and 2021. Only patients with a proven pathogenic NOTCH3
or TREXT mutation were included in the CADASIL and RVCL-S groups. As HM is not
always caused by a mutation in CACNATA, ATP1A2 or SCNI1A, the HM patients were not
required to be proven carriers of a mutation in one of the three established HM genes.
A senior neurologist with expertise in hemiplegic migraine (GMT) was always involved
in the diagnosis of these patients.

Medical records were reviewed, and data on demographics, migraine, relevant
medical history, mutation status and medication use were extracted. Migraine
diagnosis was established by an expert neurologist and based on the ICHD-3
criteria (although the criterium for a minimum number of attacks was not taken
into account).”® Distinguishing between migraine with aura and a transient ischemic
attack (TIA) in CADASIL patients can be challenging, even more so because aura
symptomatology may be atypical in patients with CADASIL.? As such, patients were
considered migraine patients when migraine aura was the most probable diagnosis. If
symptoms were more consistent with a neurovascular event, patients were treated as
such. Dosage, treatment duration, adverse events, and decision for (dis)continuation
were documented for each prescribed prophylactic migraine drug. Effectiveness was
assessed by shared decision making by the expert neurologist(s) and the patient and
based on reduction in intensity of the migraine attacks, shorter duration and/or lower
frequency, or a combination of these outcomes. Finally, it was documented whether
the patient continued using the medication after three months (as this was the
predefined minimal period to assess treatment effect). For acute migraine treatments
adverse events and effectiveness were documented based on shared decision making
of the treating neurologist(s) and the patient.
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This study was approved by the Medical Ethics Committee Leiden The Hague Delft.
All analyses were performed with SPSS 25.0 (SPSS Inc., IBM, Armonk, NY). Categorical
variables were reported as numbers along with their corresponding percentages.
When normally distributed, continuous variables were reported as means with
standard deviation, and if not normally distributed, as medians with interquartile
range.

Results

Demographics

In total, 78 HM patients, 115 CADASIL patients, and 28 RVCL-S patients were included
in this study. Clinical characteristics are summarized in Table 1. Of the 78 HM
patients included, 40% (31/78) was diagnosed with familial HM (FHM), 55% (43/78)
with sporadic HM (SHM) and for 5% (4/78) of patients it was unknown whether they
had first- or second-degree relatives with HM. Twenty-three HM patients carried a

Table 1. Patient characteristics

HM CADASIL RVCL-S
(n=78) (n=114) (n=28)
Age (years) 30(SD 18) 51(SD 10) 54 (SD 13)
Sex female 49 (63) 65 (57) 18 (64)
Presence of migraine 78 (100) 60 (53) 12 (43)
Type of migraine present®
Hemiplegic migraine 78 (100) - -
Migraine with aura 20(27) 39(34) 6(21)
Migraine without aura 8 (M) 18(16) 11(39)
Aura without headache 7(10) 23(20) 5(18)
Age of migraine onset (years)® 11 (8-16) 32(20-41) 35.0 (20-52)
TIA/CVA 1(1)¢ 60 (53) 4(14)
Cardiac disease 4(5) 6 (5) 4(14)
Follow-up duration (months) 17 (IQR 6-57) 6 (IQR 2-36) 94 (IQR 55-132)

TIA: transient ischemic attack; CVA: cerebrovascular accident; CADASIL: cerebral autosomal dominant
arteriopathy with subcortical Infarcts and Leukoencephalopathy; RVCL-S: retinal vasculopathy with
cerebral leukoencephalopathy and systemic manifestations; HM: hemiplegic migraine. Continuous
variables are reported as mean (standard deviation) or median (interquartile range), categorical variables
as count (percentage). One CADASIL patient had to be excluded due to an uncertain migraine diagnosis.
Patients can have multiple migraine diagnoses, “CADASIL missing value = 20, Hemiplegic migraine missing
value n = 6. ¢ One patient (no mutation in CACNATA, ATPTA2 or SCN1A) suffering from linear scleroderma
with MRI-proven cerebral ischemia.
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Table 2. Effectiveness of preventive migraine medication in hemiplegic migraine,

CADASIL, and RVCL-S

. Discontinued
Medication Treated, 2",‘::: :en f‘ffed've' before last Reason for discontinuation
! follow-up
HM
Lamotrigine?, 22 15/17 12/14 9/22 Ineffective (2/9), side-effects (5/9),
2x50mg Ineffective + side-effects (1/9), low
attack frequency + pregnancy wish
(179)
Valproicacid® 31 22/23 16/19 25/31 Ineffective (2/19), side-effects (13/19),
3x300mg low attack frequency (4/19)
Topiramate® 14 7/8 5/6 13/14 Ineffective (2/10), side-effects (5/10),
2x50mg ineffective + side-effects (1/10), low
attack frequency (2/10)
Acetazolamide?, 12 10/12 7/9 10/12 Ineffective (2/9), side-effects (2/9),
3x250mg ineffective + side-effects (2/9),
low attack frequency (2/9), use of
multiple prophylactics (1/9)
Verapamil®, 7 5/5 4/6 5/7 Ineffective (3/5), side-effects (1/5),
3x120mg ineffective + side-effects (1/5)
Flunarizinef, 15 8/9 6/10 13/15 Ineffective (3/12), side-effects (7/12),
1x10mg ineffective + side-effects (1/12), low
attack frequency (1/12)
Candesartan?, 11 5/5 4/8 7M Ineffective (1/5), side-effects (4/5)
1x16mg
Metoprolol", 7 11 3/6 6/7 Ineffective (3/5), side-effects (1/5),
1x 100mg low attack frequency (1/5)
Propranolol, 16 5/5 2/7 15/16 Ineffective (6/11), side-effects (3/11),
1x80mg ineffective + side-effects (1/11), side-
effects + pregnancy wish (1/11)
Pizotifen, 6 2/2 0/3 6/6 Ineffective (2/4), side-effects (2/4)
1x1.5mg
CADASIL
Valproic acid, 6 3/4 6/6 2/6 Side-effects (1/2), attack free (1/2)
3x300mg
Metoprolol, 1 0/1 il Ineffective (1/1)
2x100mg
Propranolol, 4 2/2 4/4 3/4 Ineffective (1/3), ineffective + side-
1x160mg effects (1/3),
pregnancy (1/3)
RVCL-S
Topiramate, 1 1N 1N 0/1
2 x50mg
Azetazolamide, 1 71 7 1”1 Side-effects (1/1)
3x250mg
Propranol 1 171 il 7 Side-effects (1/1)
1x160mg
Valproic acid, 2 2/2 ”n 2/2 Side-effects (2/2)
3x300mg
Pizotifen, 1 0/1 1N 11 No longer available (1/1)
1x2mg
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Metoprolol, 1 0/1 0/1 11 Ineffective (1/1)
1x200mg
Candesartan, 1 0/1 0/1 1N Ineffective (1/1)
1x16mg
Lisinopril, 1 01 0/0 1”1 Ineffective (1/1)
1x20mg
Amitriptyline, 1 11 0/0 ”n Ineffective (1/1)
1x40mg

Medications are ordered based on effectiveness (effective, n (%)). A denominator smaller than the number
of patients treated (treated, n) or - indicates missing data.*Three patients did not achieve adequate dosage
due to discontinuation due to side-effects.® Ten patients used less than 900 mg per day, of which two
experienced an adequate treatment effect (2 x 300mg and 1 x 300mg, respectively). For the other eight
patients no information on effectiveness was available. Of these patients, seven discontinued treatment
due to side-effects. <Four patients used less than 100 mg per day, of whom one experienced complete
remission (1 x 25mg). Two patients did not reach optimal dosage due to side-effects. For the other patients
no information on effectiveness was available. ¢Six patients used less than 750 mg per day, of whom two
did not achieve adequate dosage due to discontinuation due to side-effects. Two achieved an adequate
treatment effect with a dosage of 2x 250mg. For one patient no information was available on effectiveness
and for one effectiveness was unclear as multiple prophylactics were used at the same time. ¢One patient
was treated with 1 x 40mg and treatment was discontinued due to side-effects. One patient was treated
with a daily dose of 180mg and treatment was effective. Three patients were treated with a daily dose of
240 mg. In one treatment was effective at first. In the end in all these patients treatment was discontinued
due to ineffectiveness. fEight patients used 5 mg per day, of whom five discontinued treatment due to
side-effects. One patient achieved complete remission. One patient had insufficient effect and for the
other patient there was no information on whether there were side-effects or a treatment effect. 9 Four
patients did not reach optimal dosage. Two discontinued due to side-effects. One achieved effectiveness
with a dosage of 1 x 4mg. For the last patient no information was available on effectiveness or reason
for discontinuation. "Three patients used less than 100 mg per day, of whom one experienced complete
remission (1 x 25mg) but discontinued due to side-effects. One experienced no effectiveness (1 x 50mg)
and one had insufficient information to determine effectiveness (1 x 50mg). ‘Three patients used less than
80 mg per day, of whom two discontinued treatment due to side-effects, and one due to ineffectiveness (1
x40mg). Two patients used 1x 160mg but discontinued treatment due to side-effects. after approximately
one year propranolol was tapered off again given the fact that the patient experienced an increase in the
severity of already present Raynaud’s phenomenon.

pathogenic mutation (CACNATA n =9, ATPTA2 n = 14, SCNTA n = 0). Two additional HM
patients had a variant of unknown significance in CACNATA. There were 60 CADASIL
patients with migraine (53%), most experienced migraine with aura attacks (39/60,
65%), 38% (23/60) of the patients had attacks of migraine aura without headache and
30% (18/60) had migraine without aura attacks. Twelve of the 28 RVCL-S patients had
migraine (43%), of which most suffered from migraine without aura attacks (11/12,
92%), but 6/12 patients also had attacks of migraine aura without headache (50%) and
5/12 patients had migraine with aura attacks (42%).
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Migraine treatment in hemiplegic migraine

Prophylactic treatment

Of the 78 patients with HM, 72 received preventive and/or acute migraine treatment.
For one patient it was unclear whether prophylactic medication was started for
migraine or for another medical indication. As presence or absence of an effect was
also not described, this patient was excluded. Of the included HM patients, 53/78
(68%) were prescribed migraine preventive medication. The preventive drug to
be prescribed first was most often valproic acid (n=13) or propranolol (n=11). The
treatment responses are summarized in Table 2 and Figure 1. Patients consistently
received monotherapy, utilizing one medication at a time, and subsequently used
different preventive medications when previous attempts failed.

Valproic acid was prescribed most frequently. Lamotrigine, valproic acid, topiramate
and acetazolamide were the most effective medications (effectiveness ranging
between 78% and 86%). All medications had a high incidence of side-effects, but
these did not always cause patients to discontinue the medication. Severe side-effects
(AE grading 3) occurred during use of verapamil and flunarizine. Three patients using
verapamil experienced a vasovagal reaction, of whom one fainted. One adolescent on
flunarizine gained 25% of his original weight.

Of the HM patients with a proven mutation that were included in this cohort, 16 used
preventive medication. When comparing effectiveness between mutation carriers
and non-carriers (Supplementary table 1), a few differences are notable. With an
effectiveness in 6/6 patients (100%) valproic acid was the most effective prophylactic

Lamotrigine = N7 Z [ Effective
Valpr(_>ic acid = N7 Z B |neffective
Topiramate = [7 Z
Acetazolamide={ [ Missing
Verapamil-___ 1 7
Flunarizine = \ A,
Candesartan={ [/
Metoprolol={ [ ¥
Propranolol = | % 2
Pizotifen-{ 7/
1 | 1 1
0 10 20 30 40

Number of patients

Figure 1. Effectiveness of preventive medication in hemiplegic migraine.
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in carriers, where in non-carriers lamotrigine was the most effective treatment
(carriers 4/6 (67%) vs. non-carriers 7/7 (100%)).

Acute treatment

A total of 66 HM patients (85%) used triptans. For 20/66 patients (30%) side-effects
were reported. One patient (1.5%) experienced a possible severe side-effect (AE
grading 3). Shortly after triptan intake the patient felt unwell and had an aggravation
of the HM attack, for which he was temporarily hospitalized. This patient had a good
experience with using triptans multiple times before, resulting in shorter duration of
the migraine headache. For 52 patients information on effectiveness of triptans was
available. Triptans were regarded effective in 26/52 patients (50%), had a varying
effect in 8/52 patients (15%) and were not effective in 18/52 patients (35%). Of the
20 patients in whom the effect was described in more detail, 15/20 patients (75%)
experienced a decrease in pain severity and 5/20 patients (25%) became pain-free
shortly after treatment.

Migraine treatment in CADASIL

Prophylactic treatment

Of the 60 CADASIL patients with migraine, two patients were excluded because of
insufficient information about medication use. Of the remaining 58 CADASIL patients
with migraine, 19 received migraine preventive and/or acute treatment. Ten patients
were treated with preventive migraine treatments (17%). The preventive most often
prescribed first was valproic acid (n=5). The various treatments and treatment
responses are summarized in Table 2. All patients used adequate dosages unless
described otherwise. Overall, valproic acid was prescribed most frequently (6/10
patients) and was effective at least to some extent in all patients that used it. Although
betablockers are not a preferred choice at our clinic, these were used in 5 out of 10
patients, as the general practitioner or a neurologist elsewhere started the medication
before referral to our center. Metoprolol was continued in one patient for six months
but was not effective and therefore discontinued. Propranolol appeared effective to
some extent in four patients, but in two of them treatment was discontinued due to
insufficient effect.

Acute treatment

For two patients it was not clear whether they had used the triptans prescribed to
them, and they were, therefore, excluded. Fifteen patients were treated with triptans
(27%). One patient (7%) reported mild side-effects (fatigue and weakness of the legs).
No severe side-effects occurred. Triptans were effective in 8/14 patients (57%) with
available information on effectiveness and possibly effective in 3/14 patients (21%).
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Out of the five patients for whom the effect was further specified, 2 out of 5 patients
(40%) experienced a shorter attack duration, while 3 out of 5 patients (60%) were
headache free after two hours.

Migraine treatment in RVCL-S

Few RVCL-S patients used preventive migraine medication (3/12, 25%). Nonetheless,
9 different treatments were tried. Nonetheless, 9 different treatments were tried.
Topiramate, acetazolamide, propranolol and valproic acid were considered effective
(Table 2). Interestingly, one patient reported cessation of her migraine attacks after
commencing an oral contraceptive. Another patient’s migraine frequency increased
after stopping oral contraceptive treatment, only to decrease again after restarting
the oral contraceptive seven months later. In total, 5 out of 12 patients (42%) used
triptans, which were effective in 3 out of 5 patients (60%) and showed some effect in
the remaining two patients. No severe side-effects occurred.

Discussion

Rare monogenic migraine syndromes offer valuable insights into migraine’s
underlying mechanisms, yet effective treatment remains challenging due low
patient numbers and lack of clinical trials. We evaluated migraine treatment response
in patients with HM, CADASIL, and RVCL-S, focusing on treatment outcomes and
adverse reactions to acute and preventive medications. Lamotrigine and valproic acid
exhibited high effectiveness in treating HM attacks. For treating migraine in CADASIL,
valproic acid was often effective. Most RVCL-S patients with migraine were not treated
with preventive medication. As such, our data do not allow strong recommendations
on migraine preventives in RVCL-S. We did observe effectiveness of acetazolamide
and propranolol in RVCL-S patients. Side-effects were often reported with preventive
migraine treatment. No long-lasting vascular and/or otherwise severe side-effects of
triptans were reported in any of the patients with monogenic migraine syndromes.

To date, there have been no randomized controlled trials assessing migraine treatment
in HM or CADASIL and no information is available on migraine treatment in RVCL-S.
For HM and CADASIL, physicians rely on limited data from either small case studies,
small retrospective studies, or expert opinion to guide treatment decisions for these
patients (Table 3). For preventive treatment, options that have previously been tried
include verapamil, acetazolamide, flunarizine, lamotrigine, betablockers, and one case
series on a calcitonin gene-related peptide (CGRP) blocking drug. Reports of response
are often conflicting. Several reports indicate that acetazolamide may be effective in

120



Effectiveness of migraine treatment in rare migraine syndromes

CADASIL**"718 Unfortunately, none of the patients in our cohort were treated with this
drug. The finding that betablockers ranked among the most frequently prescribed
preventive treatments in this study aligns with general guidelines, which recommend
these drugs as first-line options for common types of migraine but do not take the
type of migraine into account. The only systematic review of migraine treatment
in CADASIL indicated that treatment with betablockers was associated with an
unfavorable response.’® Our results support this, and also indicate that betablockers
are less suitable for HM patients. Therefore, we recommend starting treatment with
preventives such as valproic acid, acetazolamide, or lamotrigine.

There are concerns about prescribing topiramate and valproic acid for migraines to
women of childbearing age due to their potential to cause birth defects and other
pregnancy-related complications. Patients need to be informed about the risks and
use adequate contraceptives. Nonetheless, in patient groups where there are limited
effective treatment options, these treatments should still be considered, especially
since these medications can be discontinued if pregnancy is desired.

The exact mechanisms through which most anti-migraine medications prevent migraine
have not been completely established yet. The migraine preventatives discussed in
this study are believed to suppress cortical spreading depolarization (CSD) and reduce
neuronal sensitization. Valproic acid reduces glutamatergic neurotransmission by
blockage of sodium and calcium channels and enhancement of GABAergic inhibition.
Moreover, valproic acid reduces CGRP levels. Reduced glutamatergic neurotransmission,
enhanced GABAergic inhibition, and reduced CGRP levels contribute to the inhibition
of central pain transmission, neurogenic inflammation, and sensitization.” In rats,
treatment with valproate decreased CSD propagation velocity.?® Topiramate reduces
hyperexcitability of neurons by enhancing the activity of inhibitory neurotransmitters
like gamma-aminobutyric acid (GABA) and inhibiting the activity of excitatory
neurotransmitters like glutamate. Topiramate also blocks certain types of voltage-
gated calcium channels, which are involved in neurotransmitter release and neuronal
excitability.’ Topiramate has been shown in rats to make the cortex more resistant to
CSD and to decrease CSD propagation speed.?? Lamotrigine blocks voltage sensitive Na*
channels, and by this mechanism of action it is able to block CSD.?® In rats, lamotrigine
decreased CSD frequency.” Interestingly, lamotrigine also increased resting motor
threshold to transcranial magnetic stimulation in healthy men.?* Acetazolamide inhibits
carbonic anhydrase, leading to pH changes than can influence neuronal excitability.?
Vice versa, CSD events may cause changes in pH, both extracellular and intracellular.?®
Acetazolamide’s ability to alkalize blood and tissues may help counteract these pH
fluctuations.
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Table 3. Overview of preventive migraine treatment in hemiplegic migraine and
CADASIL

Possible mechanism of

Drug action Dose Efficacy Evidence
Hemiplegic migraine
Acetazolamide  Alterations in local pH 250-500 mg twice  May be effective  Low; case

surrounding the P/Q Ca2+  aday in lessening attack reports and small
channel could lead to burden. studies®40
enhanced channel function.

Valproate Inhibition gamma- 1000 mgperday  May be effective  Low, case report
aminobutyric acid (GABA) in lessening attack and series’*"*?
transaminase, activation burden.
glutamic acid decarboxylase
and blocking Na+ channels
and low-voltage-activated
T-type Ca2+ channels,
possibly enhancing
neuronal inhibition.

Lamotrigine blocking voltage-gated 25mgadayto May be effective  Low; case
Na+-channels and N- and max 300mgaday inlesseningattack reportsand small
P/Q-type voltage-activated burden. studies®-4*
Ca2+-channels inhibits
glutamate release.

Flunarizine Antagonism of non-selective 10 mg a day May be effective  Low; case
calcium ion channels, in lessening attack reports®46-4
dopamine receptors, 5-HT burden.
receptors and antihistamine
receptors.

Topiramate Unknown. 25mg a day Deterioration Low, single

of symptoms reports®44
observed in

asingle case

of hemiplegic

migraine. Another

case showed

absence of attacks

for several months.

Verapamil Antagonism of calciumon 120 mg twice or May be effective  Low, case reports,
L-type calcium channels, threetimesaday  inlessening attack case series®®**
blocking calcium influx and burden.
diminishing constriction.

Effects on P/Q calcium
channels are less
pronounced.
Propranolol Unknown. 30-50 mg a day May be effective  Low, case
in lessening attack reports and case
burden. series>3%

Galcanezumab  Blockage of the CGRP 240mg loading May be effective  Low, single case

pathway. dose, followed by inlessening attack series®

monthly 120mg

burden.
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CADASIL

Acetazolamide

Valproate

Topiramate

Flunarizine

Verapamil

Pizotifen

Propranolol

Metoprolol

Erenumab

Alterations in local pH
surrounding the P/Q Ca2+  day
channel could lead to

enhanced channel function.

Inhibition gamma-
aminobutyric acid (GABA) day
transaminase, activation

glutamic acid decarboxylase

and blocking Na+ channels

and low-voltage-activated

T-type Ca2+ channels,

possibly enhancing

neuronal inhibition.

Unknown. -

Antagonism of non-selective 10 mg a day
calcium ion channels,

dopamine receptors, 5-HT

receptors and antihistamine

receptors.

Antagonism of calcium -
on L-type calcium

channels, blocking calcium
influx and diminishing
vasoconstriction.

Effects on P/Q calcium
channels are less

pronounced.

Serotonin antagonist -

Unknown. -
Unknown.

100 mg a day

Blockage of the CGRP
pathway.

125t0 500 mg a

1000-1250 mg per

May be effective
in lessening attack
burden.

May be effective
in lessening attack
burden.

May be effective
in lessening attack
burden.

May be effective
in lessening attack
burden.

May be effective
in lessening attack
burden.

May be effective
in lessening attack
burden.

Neutral or
unfavorable
response

Neutral or
unfavorable
response

May be effective
in lessening attack
burden.

Low, case
report and case
series®21718

Low, case
reportsﬁ,SZSE**

Low, few
cases>**

Low, case report
oronecaseina
larger study®®5***

Low, two patients
in alarger
studyss**

Low, sixteen
patientsin a
larger cohort
studyss**

Moderate,
systematic
review'”

Moderate,
systematic
review'

Low, single case
reportBO***

*3 Lampl et al. Authors describe that treatment effect of lamotrigine was not different for different types
of aura. Eight patients with paresis were included. No specific statements about hemiplegic migraine
were made. *** Tan et al. Authors describe a cohort of 98 CADASIL patients in which treatment response
is described of flunarizine n=1, verapamil n=2, topiramate n=3, valproate n=3, pizotifen n=16, propranolol
n=16. *** Caution against treating patients with small vessel diseases, such as the monogenic disorder
CADASIL, with anti-CGRP pathway medication should be taken until relevant safety data and long term
follow up results are available.*
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Regarding acute treatment, medications such as verapamil, nimodipine, ketamine,
triptans, pulse steroids, and hypertonic saline have been utilized.?” If simple
analgesics provide inadequate headache relief, triptans should be considered for
the treatment of migraine. Triptans are agonists for 5-HT1B/1D receptors and induce
vasoconstriction and inhibit the secretion of neuropeptides. Patients with a history
of stroke or transient ischemic attack (TIA), or those with a history of hemiplegic
migraine or brainstem aura symptoms, are deemed to have a contraindication due
to concerns that triptans may increase the risk of stroke. However, in our study only
one patient, who had previously benefited from triptan use, experienced a severe HM
attack and it remained unclear whether the worsening of this migraine attack was
due to triptan intake. Our findings are in line with several previously reported small
studies that indicate that triptans may be regarded safe to use in HM and CADASIL.3
As our study and available literature indicates that most patients respond positively to
triptans and vascular side-effects are absent, we believe these patients can be offered
this treatment safely. With the emergence of 5HT-1F agonists like lasmiditan, there is a
non-vasoconstrictive alternative for acute treatment. However, the significant central
side-effects of this medication and limited availability in most countries should be
taken into account.®

Compounds that either inactivate the CGRP molecule by binding to it or its receptor
are effective in both acute and preventive treatment of migraine. CGRP might also
serve as a protective vasodilator during ischemic events. Therefore, treatments
inhibiting the CGRP system might possibly worsen ischemic events.? One CADASIL
patient was treated with a CGRP receptor monoclonal antibody.* A favorable response
was reported. Nonetheless, CGRP and its receptor are involved in cardiovascular
homeostasis under (patho)physiological conditions. Also, real-word data have shown
that blockage of CGRP may lead to an increase in blood pressure, whereas patients
with monogenic vascular disorders should strive to control other vascular risk
factors.> Therefore, we advise physicians to refrain from starting treatment with CGRP
blocking agents until long-term vascular safety is proven,* at least for CADASIL and
RVCL-S patients.

The strength of our study lies in the relatively large cohort of patients with rare
monogenic migraine syndromes. Nonetheless, there are limitations to consider. The
design could have introduced biases related to selection and recall bias. Assessment
of treatment relied on medical records and not a standardized protocol. However, this
study was conducted at a clinic specialized in migraine and these monogenic disorders
and thus with relatively high-quality documentation in patients’ medical records. This
precise documentation likely led to a high reported incidence of adverse events in
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our study, even if this did not always lead to discontinuation of medication. Most
side-effects were mild in nature. Taking these limitations into account, it is important
to realize that randomized controlled trials are not expected to be performed in these
rare syndromes due to the limited number of patients.

In summary, our results suggest that lamotrigine, valproic acid, topiramate, and
acetazolamide are effective preventive treatments for patients with HM. Our findings
also indicate that valproic acid may be an effective treatment for migraine in CADASIL
patients. As no significant (vascular) side-effects were observed with acute triptan
treatment, triptans can be considered in patients with HM, CADASIL and RVCL-S.

Funding statement:
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Clinical Implications

- Lamotrigine, valproic acid, topiramate, and acetazolamide are effective in
preventing hemiplegic migraine (HM) attacks, while valproic acid appears to be a
promising treatment for migraine in CADASIL.

«  Despite previous concerns, triptans are crucial for migraine management, showing
safety and effectiveness even in high-risk patients.

«  Betablockers have an unfavorable treatment response in both hemiplegic migraine
and CADASIL.
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Supplementary table 1. Effectiveness of preventive migraine medication in
patients with hemiplegic migraine and a pathogenic mutation

Medication Treated, Adverse Effective, Discontinued Reason fordiscontinuation
n events, n before last
n follow-up
Valproicacid® 10 9/9 6/6 8/10 Ineffective (1/7), side-effects (6/7)
3x300mg
Acetazolamide® 6 4/6 4/5 5/6 Ineffective (2/4), ineffective + side-
3x250mg effects (1/4), low attack frequency (1/4)
Topiramate® 5 3/3 3/4 4/5 Ineffective (1/4), side-effects (1/4),
2x50mg ineffective + side-effects (1/4), low
attack frequency (1/4)
Flunarizine? 7 3/3 3/4 6/7 Ineffective (2/5), side-effects (3/5)
1x10mg
Lamotrigine® 8 5/6 4/6 4/8 Ineffective (2/4), side-effects (2/4)
2x50mg
Candesartan 2 - 12 0/2 -
1x16mg
Metoprolol 2 - 12 12 Ineffective (1/1)
1x 100mg
Verapamilf 1 17 0/1 171 Ineffective + side-effects (1/1)
3x120mg
Propranolol? 5 2/2 0/ 5/5 Ineffective (1/3), side-effects (2/3)
1x80mg
Pizotifen 3 - 01 3/3 Ineffective (1/1)
1x1.5mg

*Four patients used less than 900 mg per day, of whom one experienced effectiveness. For the other three
patients information on effectiveness was not available.” One patient used less than 750 mg per day (2 x
250mg) and experienced treatment effect.©One patient used less than 100 mg per day. Information on
effectiveness was not available. ¢ Two patients used 5 mg per day, in one of these patients treatment was
effective. ¢One patient did not reach adequate dosage due to side-effects. fOne patient was treated with
a daily dosage of 240mg. Treatment was discontinued as it proved ineffective and side-effects occurred. 9
One patient used less than 40 mg per day and discontinued treatment due to side-effects.
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