Treatment of migraine in patients with CADASIL
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Abstract
Background

Migraine is a common and often refractory feature for individuals
with cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) without consensus
guidelines for treatment. Migraine treatment poses a theoretical risk
within this unique population with precarious cerebrovascular
autoregulation, given the vasomodulatory influence of many anti-
migraine medications. In this systematic review and meta-analysis, we

evaluate the frequency and efficacy of treatments for migraine in
individuals with CADASIL.

Methods

A search protocol was designed to include all available publications
reporting antimigraine therapies for CADASIL. Individual responses to medications were
categorized as unfavorable, neutral, or favorable. Responses across medication classes were
compared using the Mann-Whitney U test.

Results

Thirteen studies were included, yielding a cohort of 123 individuals with a median age of
53 years (range: 23-83 years), with 61% (75/123) being women. No controlled trials were
identified. Simple analgesics (35.8%, 44/123) and beta-blockers (22.0%, 27/123) were the
most common abortive and prophylactic strategies, respectively. Over half (54.4%) of all
patients had used more than 1 medication sequentially or concomitantly. Beta-blockers
were significantly associated with a neutral or unfavorable response (13.5%, 22/163, p =
0.004). We found no significant associations among other medication categories.

Conclusions

Migraine in CADASIL remains a formidable therapeutic challenge, with patients often
tried on several medications. Antimigraine prophylaxis with beta-blockers may be con-
traindicated relative to other common therapies in CADASIL. Controlled studies are
needed to rigorously evaluate the safety and efficacy of antimigraine therapies in this
population.

Migraine with aura and progressive subcortical microangiopathy are hallmark features of
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL). This syndrome serves as a monogenic stroke model stemming from a pathogenic
missense mutation of the NOTCH3 gene on chromosome 19." Migraine, almost exclusively
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We present a systematic, registered
review of reported migraine
therapeutic strategies and their
efficacy in adults with CADASIL.

with aura, is an inaugural symptom in half of afflicted indi-
viduals; however, data on optimal migraine treatment are
limited.”* Anecdotal reports suggest that acetazolamide and
valproate have therapeutic potential, although the vast ma-
jority of common migraine therapeutics affect cerebral vas-
oreactivity and are of unknown clinical detriment in
this unique population that has precarious vascular
autoregulation.*™®

To date, no randomized trials investigating the efficacy or
safety of specific migraine therapies in patients with
CADASIL are available. The present review examines adults
with CADASIL who have received any form of treatment for
migraines so as to compare efficacy among medications used
in this population. Outcomes, in this case, refer to changes in
migraine frequency, severity, or disability related to migraine.
We present a systematic, registered review of reported mi-
graine therapeutic strategies and their efficacy in adults with
CADASIL.

Methods

Systematic review protocol

This review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines.” The
protocol for this review can be found on the PROSPERO
International Prospective Register of Systematic Reviews
(registration number: CRD42019125962).

Search strategy

A medical librarian (T.J.B.) developed and performed
searches in the MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, Cochrane Database of Sys-
tematic Reviews, PsycINFO (all via the Ovid interface),
Scopus, Web of Science, Epistemonikos databases, and sev-
eral grey literature sources, as defined by the Twelfth In-
ternational Conference on Grey Literature in Prague in
2010.° A unique search strategy was created for each data-
base or resource and was peer reviewed by another experi-
enced librarian. Both subject headings and text-word terms
for “CADASIL,” “migraine,” and “headache” were used, as
well as related and exploded terms, including MeSH and
EMBASE terms in combination with keyword searching.
There were no search limitations regarding language or
publication date. A full search strategy is presented in ap-
pendix 2 (links.lww.com/CPJ/A148). The searches were
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performed on March 6, 2019, and March 7, 2019, for all
aforementioned databases and grey literature resources, re-
spectively. The risk for bias of each included report was
independently assessed by P.A.G. and M.K.B. The Risk Of
Bias In Non-randomized Studies-1 criteria were used to as-
sess article quality and potential for bias for case series.” This
tool provides a qualitative, categorical assessment of risk of
bias for pre- and post-intervention domains. For the pur-
poses of this study, we deemed 3 domains to be most im-
portant in comparing study quality: bias through
confounding, bias in participant selection, and bias in out-
come measurements (table e-1, links.Iww.com/CPJ/A147).
We generated subscores for patient selection, ascertainment
of results, and causality using the Murad system for each
individual case report (table e-2).1°

Search parameters

The search parameters were intentionally broad so as to
minimize the risk of unintentional exclusion of potentially
relevant sources. Inclusion criteria consisted of original re-
search on adult human subjects with a confirmed diagnosis of
CADASIL and a description of migraine therapeutic strate-
gies used. Following the initial search and removal of dupli-
cate articles, P.A.G. and M.K.B. reviewed the title and
abstracts of all publications. There were no limits to language
or publication date. If the suitability and relevance of a par-
ticular study were unclear from the title and abstract alone,
the full article was reviewed by both P.A.G. and M.K.B. If
required information was not readily available in the article,
P.A.G. or J.F.M. requested supplemental data from the
reviewed article’s authors.

Data and outcome measurements

Data extracted (if available) included demographics, mi-
graine characteristics, and migraine therapeutic strategies.
Only patients with documented antimigraine medication use
were included in the analysis. Subjects’ responses to medi-
cations were classified into 3 outcome categories with re-
spect to migraine intensity, migraine frequency, migraine
duration, or patient-reported adverse drug reactions
(ADRs). Unfavorable outcomes were defined as worsening
of at least 1 migraine characteristic or ADR after receiving
a drug compared with predrug status. Neutral outcomes
were defined as no substantial change in migraine charac-
teristics and no clinically substantial ADR after receiving
a drug compared with predrug status. Favorable outcomes
were defined as an improvement in at least 1 migraine
characteristic and no ADR reported.

Author discretion was used to manually classify ambiguous or
cursory descriptions of responses to medication, such as
“Ibuprofen ineffective. Since starting aspirin, frequency re-
duced.” In this case, we would classify the ibuprofen expo-
sure as neutral and the aspirin exposure as favorable. We
considered a patient’s listed medications in their report or
subject log to be a comprehensive list of all potential anti-
migraine medications to which they were exposed.
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Statistical analysis

Continuous variables were summarized with median and
range, whereas categorical variables were summarized with
frequency and percent. The number of medication expo-
sures was defined as the number of unique patients who were
reported to have taken a certain medication. Patient out-
comes were reassigned numerical values where unfavorable
responses were counted as 0, neutral responses were coun-
ted as 1, and favorable responses were counted as 2 to
maintain hierarchical order. The Mann-Whitney U test was
then used to compare the numerical distributions of patient
responses across medication categories. For each response
category, we sorted and ranked the responses of all expo-
sures to a specific medication category and then compared
the response distribution with the ranked responses of all
other medications, excluding the exposures to the current
category. The difference in mean ranks between the “yes”
and “no” groups allowed us to determine the strength of
observed differences in responses. Because of the explor-
atory nature of this study, recorded patient responses to
individual treatments were considered to satisfy the as-
sumption of independence, and adjustment for multiple
comparisons was not implemented. All tests were 2 sided,
and p values <0.0S were statistically significant. All statistical

analyses were performed in R Statistical Software (version
3.4.2; R Foundation for Statistical Computing, Vienna,
Austria).

Data availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results

Atotal of 1,787 studies were identified across 8 databases, and
7 grey literature resources, of which 739 were interdatabase
duplicates, table 1. After evaluation of relevance, bias, quality,
and adherence to inclusion criteria, 13 studies were included
in the final analysis, figure. From the 13 articles, patient
characteristics and clinical information on the 123 included
individuals are summarized in table 2. The population had
a median age of 53 years (range, 23-83 years), with 61.0%
(75/123) being women. Reports for 19.5% (24/123) of
individuals in this review specified the precise means with
which the CADASIL was diagnosed for each individual. It
should be noted that the largest CADASIL cohort captured
in this review reported that 98.7% (296/300) of their sub-
jects were diagnosed genetically, although individual patient-

Table 1 Databases searched with number of original references and number of references after duplicates removed

Initial search results

Database name

N = 1,787, n (%)

Results with duplicates removed

N =1,048, n (%)

Ovid MEDLINE 360 (20.1) 360 (34.4)
Ovid EMBASE 813 (46.0) 517 (49.3)
Ovid Cochrane Central Register of 5(0.2) 2(0.2)
Controlled Trials
Ovid Cochrane Database of Systematic 1(0.06) 1(0.1)
Review
Ovid PsycINFO 120 (6.7) 51 (4.8)
Scopus 137 (7.7) 22 (2.1)
Web of Science 324 (18.1) 69 (65.9)
Epistemonikos 0(0) 0(0)
Grey Literature 27 (1.5) 26 (2.5)
ClinicaTrials.gov 16 (0.9) 16 (1.5)
Internet Stroke Center 0(0) 0(0)
ISRCTN 0(0) 0(0)
NICE Evidence 9(0.5) 8(0.8)
OpenGrey 0(0) 0(0)
PROSPERO 0(0) 0(0)
WHO ICTRP 2(0.1) 2(0.2)

Abbreviations: EMBASE = Excerpta Medica Database; ISRCTN = International Standard Randomised Controlled Trial Number; PROSPERO = International
Prospective Register of Systematic Reviews; WHO ICTRP = World Health Organization International Clinical Trials Registry Platform.
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Figure PRISMA flow diagram showing how the 13 studies included in the present review were identified from the initial

search
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level data were not reported.11 A total of 87.8% (108/123)
subjects had a diagnosis of migraine with aura. Roughly
11.4% of patients (14/123) experienced migraine without
aura, and a singular patient experienced aura without head-
ache. In addition, we observed somewhat more favorable
responses in older population (median age SS years [26-83],
p = 0.062), although this difference was not statistically
significant. There were no sex differences across response
levels. Further migraine characteristics including aura semi-
ology, frequency, duration, and age at onset were not con-
sistently reported. Although baseline cognitive
functional characteristics were not consistently reported,
27.6% (34/123) reported history of “stroke” and 13.0% (16/
123) reported history of “encephalopathy.” A summary table
of articles captured, number of patients included, and med-
ications described are available in table e-3, links.lww.com/
CPJ/A147.

and

Rates of medication exposure are summarized in tables 3 and
4. Overall, simple analgesics were used most commonly for
acute migraine therapy (35.7%, 44/123), whereas beta-
blockers were the largest prophylactic medication class
(22.0%, 27/123). The combination medication paracetamol
with codeine (22.0%, 27/123), sumatriptan (15.4%, 19/
123), and aspirin (13.8%, 17/123) were the most frequently
used migraine-specific medications. Propranolol (17.9%,22/
123), amitriptyline (13.0%, 16/123), pizotifen (9.8%, 12/
123), and acetazolamide (8.9%, 11/123) were commonly
used for prophylaxis. Of the 123 patients, 45.5% (56/123)
reported antimigraine medication monotherapy. The
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remainder reported multiple medication exposures, either
sequentially or concomitantly, where 37.4% (46/123) had 2
treatments, 8.1% (10/123) had 3 treatments, and 6.5% (8/
123) had 4 treatments, and 2.4% (3/123) had undergone S
unique treatments. There were no reports of interventional
approaches such as onobotulinumtoxin A injections or use of
antimigraine wearable devices. Use of calcitonin gene-related
peptide (CGRP) monoclonal antibody modulators was not
reported. In addition, pharmacotherapy dosage, frequency,
and route of administration were infrequently reported.

The distribution of patient responses across medication
categories is summarized in table 5. A total of 225 exposures
were documented in our 123 patients, but ambiguous or
incomplete data were found in 27.6% (62/225) of medica-
tion exposures. The remaining 163 reported responses to
individual drug exposures were used to calculate response
rates. Patients who received beta-blockers had significantly
less favorable outcomes compared with patients who did not
(p = 0.004). Four of these S unfavorable responses were in
response to propranolol, with the fifth being an unspecified
beta-blocker. Among these unfavorable responses, 3/5
(60%) were due to worsened fatigue, 1/5 (20%) was due
to intolerable nightmares, and the remaining 1/5 (20%) was
unspecified. There were no reported unfavorable responses
to either atenolol or metoprolol.

Those treated with simple analgesics, opioids, calcium
channel blockers, ergolines, benzodiazepines, and other se-
lected medications such as pizotifen and acetazolamide
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Our findings suggest that beta-
blockers should not be used for
management of migraine in CADASIL
due to the significantly increased risk
of unfavorable responses.

reported no unfavorable responses. These medications also
did not have a significantly different response distribution
when compared individually with the responses to other
medication exposures.

Discussion

Through our meta-analysis and systematic review, we iden-
tified 123 cases of adult individuals with CADASIL and co-
existent migraine. The analysis revealed a cohort of primarily
middle-aged adults with a majority being women. Migraine
with aura was reported in the vast majority of individuals,
although further characteristics of the aura are unknown.
Nearly 1 in 10 individuals reported “encephalopathy” as
a coexistent feature; however, it is unknown whether this
represented an underlying cognitive impairment, encepha-
lopathic migraine aura, or a milder presentation of the so-
called CADASIL coma. '? In addition, advancing age seemed
to be associated with favorable responses to antimigraine
medications. Although speculative, this finding may be re-
lated to the natural disease course of CADASIL or migraine
in general, both of which typically improve with advanc-
ing age.

We identified considerable variation within migraine abor-
tive and prophylactic techniques. More than half of the co-
hort reported being treated either concurrently or
sequentially with 2 or more antimigraine medications,
reflecting the difficulty in treating migraines in this pop-
ulation. Simple analgesics such as ibuprofen, aspirin, and
acetaminophen were among the most commonly used
abortive medications. Patients treated with acetazolamide
reported no unfavorable responses, although the response
distribution was not significantly different than all other
medications.

Beta-blockers are commonly considered to be an effective
strategy for migraine headaches in the general migraineur
population.'*'* However, we found that beta-blockers may
be detrimental in the management of migraine in patients
with CADASIL. Beta-blockers showed a disproportionately
high rate of unfavorable responses, accounting for 5 of the 12
total unfavorable responses. Cardioselective beta-blockers
may be better tolerated than nonselective beta-blockers in

Neurology: Clinical Practice | Volume 10, Number 6 |
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this population. The aforementioned unfavorable responses
included fatigue (60%, 3/5) and nightmares (20%, 1/5).
Nightmares are a known side effect of beta-blockers, but it is
unclear whether patients with CADASIL have an increased
susceptibility to these effects.>'¢

We noted that agents that have prominent and direct in-
fluence on vasoreactivity through receptor-mediated action
typically resulted in a neutral response rate. Given the un-
derlying vascular smooth muscle cell (VSMC) degeneration
in CADASIL, one may question whether the vasodilatory
action of these medications is dampened. In addition, given
the influence of VSMCs on angiogenesis and endothelial
maturation, aberrant functioning of VSMCs may lead to an
immature endothelium that is less responsive to circulating
receptor-mediated factors.'”

Uniquely, acetazolamide, a vasodilator anecdotally reported
to yield favorable responses in CADASIL, yielded no un-
favorable responses in our cohort.'® Statistical analysis de-
scribed above showed that the overall response to
acetazolamide was not significantly different than the average
response distribution of the total exposures. Unfortunately,
no controlled studies exist that would allow for a more rig-
orous evaluation of efficacy. Acetazolamide itself possesses

Table 2 Demographic and clinical characteristics of
patients with CADASIL

Characteristic Overall (N = 123)

Age (range), y 53(23-83)

Females 75/123 (61.0%)

Migraine

Migraine with aura 108/123 (87.8%)

Migraine without aura 14/123 (11.4%)

Aura without headache 1/123 (0.8%)
Diagnostic method

Genetic 23/24 (95.8%)

Biopsy 1/24 (4.2%)
Stroke 34/123 (27.6%)
TIA 9/123 (7.3%)
Epilepsy 3/123 (2.4%)
Depression 3/123 (2.4%)

Encephalopathy 16/123 (13.0%)

Other psychiatric conditions 2/123 (1.6%)

Other neurologic conditions 10/123 (8.1%)

Abbreviation: CADASIL = cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy.
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Table 3 Rates of abortive medication exposure for acute
treatment of headache in patients with CADASIL
with migraine (N = 123)

Table 4 Rates of prophylactic medication exposure for
prevention of headache in patients with CADASIL
with migraine (N = 123)

Number/total Number/total
Medications (N =123) (%) Medications (N =123) (%)
Simple analgesics® 44 (35.8) Calcium channel blockers® 9(7.3)
Aspirin 17 (13.8) Verapamil 5(4.1)
Paracetamol 12 (9.8) Flunarizine 2(1.6)
Ibuprofen 8 (6.5) Nimodipine 2(1.6)
Indomethacin 1(0.8) Beta-blockers? 27 (22.0)
Simple analgesics (unspecified)b 10(8.1) Propranolol 22 (17.9)
Opioids® 31(25.2) Metoprolol 2(1.6)
Paracetamol + codeine 27 (22.0) Atenolol 2(1.6)
Tramadol 2(1.6) Beta-blockers (unspecified) 2(1.6)
Paracetamol + hydrocodone 2(1.6) Anticonvulsants® 14 (11.4)
Morphine 2(1.6) Valproate 7 (5.7)
Propoxyphene + paracetamol 1(0.8) Topiramate 3(24)
Triptans® 24 (19.5) Gabapentin 3(2.4)
Sumatriptan 19 (15.5) Carbamazepine 1(0.8)
Naratriptan 2(1.6) Lamotrigine 1(0.8)
Zolmitriptan 2(1.6) Primidone 1(0.8)
Rizatriptan 2(1.6) Other? 44 (35.8)
Triptans (unspecified) 2(1.6) Amitriptyline 16 (13.0)
Ergolines® 3(2.4) Pizotifen 12(9.8)
Methysergide 2(1.6) Acetazolamide 11 (8.9)
Ergot/caffeine 1(0.8) L-Arginine 3(2.4)
Ergotamines (unspecified) 1(0.8) Pizotifen + amitriptyline 2(1.6)
Benzodiazepines® 2(1.6) Angiotensin-converting enzyme 1(0.8)
inhibitors
Diazepam 1(0.8)
Domperidone 1(0.8)
Lorazepam 1(0.8)
Fluoxetine 1(0.8)
Abbreviation: CADASIL = cerebral autosomal dominant arteriopathy with R
subcortical infarcts and leukoencephalopathy. Prochlorperazine 1(0.8)
2 Exposure rates for medication categories count only unique patient
exposures within each category. Propranolol + amitriptyline + pizotifen 1(0.8)
b Simple analgesics include the medications listed in the category titled as
such and more generally refer to commonly available over-the-counter Other (not specified)® 7(5.7)

analgesics such as NSAIDs.

a mechanism of action that is not entirely understood."®"* It
is known that those with CADASIL have a significant re-
duction in the function of myosin light-chain kinase
(MLCK), which serves as the primary mediator of VSMC
contraction through modulation by the NOTCH receptor
signaling cascade.”® Recent evidence suggests that acetazol-
amide leads to increased phosphorylation of MLCK, in-
creasing its inherent activity leading to vasodilation.”" We
postulate that if acetazolamide is truly effective in CADASIL
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Abbreviation: CADASIL = cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy.

@ Exposure rates for medication categories count only unique patient
exposures within a category.

b Other medications were listed in subject logs under names such as
“various” and did not have recorded responses. As such, they were not
included in subsequent response calculations.

migraine, it may be bypassing the defective NOTCH sig-
naling cascade and immature vascular endothelium to pro-
duce vasodilation through modulation of an intrinsically
preserved MLCK.
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Table 5 Nominal reported responses of drugs for managing migraine headaches in patients with CADASIL

Frequency (N = 163) Response level, median (range)® p Value®

Simple analgesics 0.21
No 135/163 (82.8%) 2(0,2)
Yes 28/163 (17.2%) 2(1,2)

Opioids 0.12
No 138/163 (84.7%) 2(0,2)
Yes 25/163 (15.3%) 2(1,2)

Beta-blockers 0.004
No 141/163 (86.5%) 2(0,2)
Yes 22/163 (13.5%) 1(0,2)

Triptans 0.11
No 138/163 (84.7%) 2(0,2)
Yes 25/163 (15.3%) 1(1,2)

Anticonvulsants 0.91
No 149/163 (91.4%) 2(0,2)
Yes 14/163 (8.6%) 2(0,2)

Calcium channel blockers 0.16
No 157/163 (96.3%) 2(0,2)
Yes 6/163 (3.7%) 2(1,2)

Ergolines 0.65
No 160/163 (98.2%) 2(0,2)
Yes 3/163 (1.8%) 2(1,2)

Benzodiazepines 0.95
No 161/163 (98.8%) 2(0,2)
Yes 2/163 (1.2%) 1.5(1,2)

Other 0.57
No 125/163 (76.7%) 2(0,2)
Yes 38/163 (23.3%) 2(0,2)

Amitriptyline 0.92
No 147/163 (90.2%) 2(0,2)
Yes 16/163 (9.8%) 2(0,2)

Pizotifen 0.20
No 152/163 (93.3%) 2(0,2)
Yes 11/163 (6.8%) 2(1,2)

Acetazolamide 0.20
No 152/163 (93.3%) 2(0,2)
Yes 11/163 (6.8%) 2(1,2)

Abbreviation: CADASIL = cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.

20 denotes an unfavorable response; 1, neutral response; 2, favorable response.

b Values are derived from Mann-Whitney U test.
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As with acetazolamide, sodium valproate is of particular
interest, given its pleiotropic effects and purported cyto-
protective effect on VSMCs. Valproate is theorized to fa-
cilitate headache relief in patients with CADASIL through
indirect modulation of the interaction between NOTCH3
and the
interleukin-1 beta-converting enzyme-inhibitory protein
pathway, which is a regulatory pathway for VSMC sur-
vival.”* Case reports captured in this meta-analysis describe
sodium valproate rapidly improving status migrainosus in 1
patient and fully abolishing migraines after receiving the
drug for treatment of a hypomanic episode in another.***
Controlled trials of valproate in this population may be
warranted.

cellular Fas-associated death domain-like

Our meta-analysis may assist clinicians facing the therapeutic
complexity of migraines associated with CADASIL. We
found minimal to no ADRs associated with antimigraine
medications, both for abortive and prophylactic indications,
regardless of therapeutic mechanism of action. However, our
findings suggest that beta-blockers should not be used for
management of migraine in CADASIL because of the sig-
nificantly increased risk of unfavorable responses. There are
no guideline-based treatment strategies for managing mi-
graine in this population, and general migraine treatment
guidelines may be misleading. Future studies should aim to
provide objective comparative data using standardized and
validated clinical metrics such as the Migraine Disability
Assessment Score and Headache Impact Test-6.>*>° In ad-
dition, data regarding the safety and efficacy of CGRP-
modulatory monoclonal antibodies and onabotulinumtoxin
A are lacking.

The conclusions of our systematic review are limited by the
possibility of publication and selection bias and the subjective
nature of outcomes. Beyond demographic information and
medications used, there was inconsistent information re-
garding migraine characteristics or dosage regimens. Despite
finding statistically significant differences among responses
and medication classes, randomized controlled trials would
be needed to definitively establish the effects of medications
on migraines in patients with CADASIL.

Migraine with aura is a common, often refractory, feature of
CADASIL with no evidence-based guidelines for optimal
treatment. Our registered systematic review and meta-
analysis suggests that beta-blockers should be avoided for
migraine prophylaxis in CADASIL, as it seems to demon-
strate worse outcomes compared with other common ther-
apies. No medication included in this review consistently
treated or prevented migraines. Further studies are warranted
to investigate the safety and efficacy of presently available
acute and prophylactic migraine therapies.
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TAKE-HOME POINTS

> There is considerable variability in the therapeutic
approaches to migraine in CADASIL, with no clear
standard of care.

> No adverse responses were reported in patients
using triptans, despite prevailing opinions against
the use of vasoactive medications in patients with
CADASIL.

> Beta-blockers seem to be a poor choice for
controlling migraine in this patient population.
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