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Migrainous headaches in cerebral autosomal 
dominant arteriopathy with subcortical infarcts 
and leukoencephalopathy (CADASIL) are not equal 
to a migraine diagnosis
It was commonly reported that patients with CADASIL 
can have headaches with certain migrainous features, 
especially migrainous aura. However, a migrainous phe-
notype does not necessarily correspond to a migraine 
diagnosis. In the International Classification of Headache 
Disorders, Third Edition, (ICHD-3) criteria for migraine 
with (MA) and without aura (MO) (codes 1.1 and 1.2) [1], 
a diagnosis of migraine can be made when the clinical 
manifestations are “not better accounted for by another 
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Abstract
Headaches and transient neurological symptoms that bear resemblances to clinical manifestations of migraine, 
especially migraine with aura, are common among patients with cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL) or cysteine-altering NOTCH3 genetic variants. However, 
according to the International Classification of Headache Disorders, Third Edition (ICHD-3), these patients should 
be diagnosed as headache attributed to cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) rather than migraine with or without aura. Although transient focal neurological 
symptoms are often labeled as migraine aura, these symptoms are often atypical and complicated, and could 
not easily conform to the criteria for migraine with aura. Besides, the association between migraine and CADASIL 
could not be supported by population-based genetic studies, and cysteine-altering NOTCH3 genetic variants are 
not more common among patients with migraine with or without aura compared with non-migraine controls. In 
addition, the underlying pathophysiology may be different between migraine and CADASIL. Although increased 
cortical spreading depression (CSD) susceptibility in mice harboring a human pathogenic Notch3 variant is often 
regarded as supportive evidence for the association, CSD could been seen in conditions other than migraine, such 
as cerebral ischemia. The role of calcitonin gene-related peptide (CGRP), one of the most important molecules in 
migraine pathophysiology, in CADASIL patients with migraine-like manifestations is yet to be determined. To sum 
up, there remain uncertainties whether headache and migraine aura-like manifestations in CADASIL correspond to 
“ordinary” migraine with or without aura seen in routine clinical practice. Therefore, we are still a number of steps 
from a firm conclusion about the association between CADASIL and migraine.
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ICHD-3 diagnosis.” In fact, there is a diagnostic entity 
called “headache attributed to CADASIL” (code 6.8.1) 
(Table 1), in Chap. 6, headache attributed to cranial and/
or cervical vascular disorder. It is described as “headache 
recurring in attacks resembling 1.2 migraine with aura, 
except for an unusual frequency of prolonged aura.” In a 
similar sense, although the diagnostic entity “headache 
attributed to mitochondrial encephalopathy, lactic acido-
sis and stroke-like episodes (MELAS)” (code 6.8.2) could 
manifest with “recurrent migraine attacks with or with-
out aura” (criterion C1), these patients should better be 
diagnosed as such rather than migraine. In fact, migraine 
is a specific diagnosis rather than just a symptom. From 
this perspective, migrainous headaches in patients with 
CADASIL should be diagnosed and coded as “headache 
attributed to CADASIL” (code 6.8.1) rather than MA or 
MO (codes 1.1 and 1.2) according to the ICHD-3.

Migrainous symptoms, including Aura, in CADASIL 
are often atypical
Patients with CADASIL can have transient neurologi-
cal deficits accompanied or followed by headache, which 
are often regarded as “migraine aura.” However, it is not 
uncommon that these symptoms may not conform to 
the classical manifestations of “migraine aura,” and could 
not easily fulfill the criteria for MA (code 1.2) [1]. For 
instance, in one of the largest series from France and Ger-
many (n = 378) [2], 59.3% of CADASIL patients with MA 
had atypical or complex forms of “auras”, such as confu-
sion, altered consciousness or hallucinations, acute-onset 
or long-lasting auras, etc., and 19.7% of patients reported 
that their “auras” were never accompanied by headache. 
The findings were actually consistent with those seen in 
a British cohort (n = 300) [3]. Even when the “auras” are 
considered typical, the distributions of individual aura 
symptoms are different from those seen in patients with 
“ordinary” MA. The majority of CADASIL patients had 
multiple aura types [2, 3], which were seen in only about 
one third of patients with “ordinary” MA [4]. Besides, 
sensory, speech, and motor auras seemed to be over-pre-
sented in patients with CADASIL [2, 4]. Based on these 
clinical observations, it is possible that the underlying 
mechanisms of episodic focal neurological symptoms in 
CADASIL could be different from those in “ordinary” 
forms of migraine aura. On the other hand, it is still pos-
sible that CADASIL patients could have “genuine” MA 
or MO (codes 1.1 and 1.2) aside from these atypical 
migrainous attacks, i.e., “headache attributed to CADA-
SIL” (code 6.8.1). However, whether CADASIL patients 
are more likely to have MA or MO (codes 1.1 and 1.2) 
remains to be determined, as all these “migrainous head-
aches” were frequently lumped together as “migraine” in 
most prior studies [2, 3, 5–7].
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There remain uncertainties regarding the 
association between migraine and genetic variants 
associated with CADASIL
Although individuals harboring cysteine-altering 
NOTCH3 genetic variants, regardless of whether a diag-
nosis of CADASIL could be made, could have migrain-
ous headaches, such variants do not appear to be more 
common among patients with MA or MO. For instance, 
the p.R544C variant, which is the predominant vari-
ant associated with CADASIL in certain regions of East 
Asia [8–11], was not more prevalent in migraine patients 
(n = 2,884) compared to non-headache population con-
trols (n = 3,502) (1.1% vs. 1.0%, p = 0.846) in a study from 
Taiwan, and the percentages of MA were not different 
between migraine patients with and without the vari-
ant (6.2% vs. 11.3%, p = 0.572) [12]. Similarly, none of the 
patients in a Korean series of CADASIL patients had MA 
[13].

It is possible that racial or ethnic differences could play 
a role, although data in some other studies in Caucasians 
were not supportive of the association between NOTCH3 
genetic variants and migraine. In a cross-section study 
involving participants from the Geisinger DiscovEHR 
initiative cohort recruited in the United States, the pro-
portions of patients with MA (4.2% vs. 6.0%, p = 0.61) 
and MO (14.3% vs. 21.7%, p = 0.13) were similar between 
cases with cysteine-altering NOTCH3 variants and age- 
and sex-matched controls not harboring nonsynonymous 
variants in the NOTCH3 gene. When migraine patients 
were looked upon separately, the percentage of patients 
with aura in cases (5/22 = 22.7%) was similar to that in 
controls (11/51 = 21.6%) [14]. In addition, the prevalence 
of migraine between individuals with and without cyste-
ine-altering NOTCH3 variants was not significantly dif-
ferent in the United Kingdom (UK) Biobank [15].

The underlying pathophysiology may be different 
between migraine and CADASIL
Cortical spreading depression (CSD) is widely believed to 
be the underlying mechanism of the migraine aura [16, 
17], and increased susceptibility to CSD in transgenic 
mice expressing the p.R90C Notch3 variant or a Notch3 
knockout mutation is commonly viewed as support-
ive evidence for the association between migraine and 
CADASIL [18]. However, skepticisms remain. Excitabil-
ity of cortical neurons plays an important role in CSD 
susceptibility [16], although the pathology of CADASIL 
mainly involves subcortical small vessels rather than cor-
tical neurons [7]. Besides, it remains to be determined 
whether there could be increased susceptibility to CSD in 
CADASIL patients. More importantly, CSD is an electro-
physiological phenomenon neither specific nor limited 
to migraine, and it can also be observed in patients with 
subarachnoid hemorrhage, stroke and traumatic brain 

injury [16]. Therefore, whether increased susceptibility to 
CSD observed in transgenic mice might reflect cerebral 
ischemia or migraine aura needs to be further confirmed.

In the clinical phenomenology, there are considerable 
discrepancies between “aura” symptoms in CADASIL 
and those in “ordinary” MA [2, 4]. Atypical or compli-
cated “aura” symptoms are reported in a significant pro-
portion of CADASIL patients [2, 3], and the distributions 
of individual “aura” symptoms are different from those 
in “ordinary” MA patients [4]. This may imply that the 
underlying pathophysiology could be different between 
migraine and CADASIL. It is not without doubt whether 
some of the atypical “aura” symptoms of CADASIL, such 
as basilar symptoms, hallucinations, confusion, etc [2, 3, 
19], could be accounted for by CSD. In particular, a his-
tory of cerebrovascular events is commonplace for these 
patients [2]. Under such circumstances, it may not be 
easy to make a distinction between “auras” and transient 
ischemic attacks (TIAs) in these patients [2]. As genetic 
variants association with CADASIL predisposes these 
patients to increased risks for cerebral ischemia, whether 
some of the “auras” in CADASIL could be symptoms of 
TIAs or even minor stroke in individuals with a history of 
headache needs to be further clarified.

On the other hand, recognition of the role of calcito-
nin gene-related peptide (CGRP) in the pathophysiol-
ogy of migraine is perhaps one of the most important 
progresses in headache medicine in the recent decade, 
and has been translated to routine clinical practice [20]. 
It was demonstrated the CGRP levels in the external 
jugular veins increased during the ictal phase, indicating 
CGRP release during migraine attacks [21], and the inter-
ictal plasma levels of CGRP were higher in patients with 
chronic migraine than in those with episodic migraine or 
healthy controls [22]. On the other hand, in an interest-
ing study, it was shown that there was no difference in 
the CGRP levels in CADASIL patients with and without 
migraine [23]. In fact, there have been only limited data 
to date, and the association between CGRP and CADA-
SIL is yet to be clarified. Taken together, more research is 
needed to persuade the scientific community that there is 
solid scientific evidence indicating shared pathophysiol-
ogy between CADASIL and migraine.

Response to Chabriat H. The Journal of Headache and Pain 
2025[24]
As pointed out by my opponent, Professor Hugues Chab-
riat, there is little doubt that patients with CADASIL 
or cysteine-altering NOTCH3 variants and their family 
members could have clinical manifestations that bear 
similarities to aura and headache in migraine patients. 
However, I would like to emphasize that headache diag-
noses should be made according to the ICHD-3 [1]. A 
diagnosis of ”headache attributed to CADASIL” (code 
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6.8.1) would be more appropriate than MA or MO (codes 
1.1 and 1.2) for these patients. Although migrainous fea-
tures could be shared by headache disorders other than 
MA or MO, these patients should be categorized cor-
rectly based on the clinical phenomenology, genetic 
variants, substances used, or clues that indicate a spe-
cific etiology of the corresponding primary or second-
ary headache disorders. After all, the natural course, 
treatment, and even the prognosis could be different. 
More importantly, putting different headache disorders 
together would introduce heterogeneities that could 
complicate scientific research to understand the underly-
ing pathophysiology of individual headache disorders.

As nicely quoted by Professor Chabriat, “MA cor-
responds to recurrent episodes of migraine headaches 
preceded or accompanied by transient focal neurological 
symptoms [1].” However, not all transient focal neuro-
logical symptoms followed or accompanied by migrain-
ous headache are migraine aura. More importantly, based 
on the high prevalence of atypical presentations or even 
complicated forms of “aura” [2, 5, 6] and the strong asso-
ciations with cerebral ischemic events and characteris-
tic radiologic findings [7] in these patients, it is prudent 
to make a distinction between clinical manifestations of 
CADASIL and symptoms of MA or MO. In particular, in 
about one fifth of CADASIL patients categorized as hav-
ing “MA”, the aura has never been accompanied by head-
ache [2]. Although there is an entity called “typical aura 
without headache” (code 1.2.1.2) in the ICHD-3 [1], the 
“aura” should be typical as implied by its name. Besides, 
in the comments for the diagnostic criteria of “typical 
aura without headache” in the ICHD-3 [1], it is recom-
mended that proper investigations be carried out, as 
potentially serious conditions, such as TIAs and seizures, 
should be excluded [25]. To sum up, migraine-like pre-
sentations in patients with CADASIL are not the same as 
“ordinary” MA or MO seen in our daily practice.

Professor Chabriat talks about the role of preclinical 
evidence in transgenic mice as supportive evidence for 
the association between “MA” and CADASIL. More spe-
cifically, it has been demonstrated that mice harboring a 
human pathogenic Notch3 variant could have increased 
susceptibility to CSD [18]. However, CSD is also seen 
in a number of conditions other than migraine, such as 
subarachnoid hemorrhage, stroke and traumatic brain 
injury [16]. In fact, CSD can also be induced experimen-
tally by various noxious conditions, including ischemia 
[26]. Therefore, although some of the molecular mecha-
nisms underlying or associated with CSD are shared by 
migraine, some of these could also be shared by isch-
emic stroke. We still need more work to demonstrate 
whether increased susceptibility of CSD in the preclini-
cal model of CADASIL is more relevant to migraine aura 
or to cerebral ischemia. On the other hand, there are 

incongruences between laboratory findings and clinical 
observations. For instance, although hormonal fluctua-
tions were shown to have an impact on CSD suscepti-
bility in preclinical models [27, 28], menstrual migraine 
is usually, or even invariably, without aura clinically 
[29, 30]. Therefore, there remain uncertainties whether 
increased CSD susceptibility in the mouse model could 
be supportive of the association between CADASIL and 
“ordinary” migraine aura.

Professor Chabriat argues that the considerable 
increase in the prevalence of “MA” among patients 
with CADASIL compared to that in the general popula-
tion cannot be explained only by chance. If these “MA” 
cases do align with our knowledge about “ordinary” MA, 
it would be expected that cysteine-altering NOTCH3 
genetic variants would be more common in patients with 
migraine than in individuals without migraine from a 
population perspective. In particular, NOTCH3 cysteine-
altering genetic variants are present in up to 1 in 400 in 
public exome data [14, 31], which are much common 
than we used to believe. However, in a relatively large 
study involving 2,884 migraine patients and 3,502 non-
headache population controls, there was no association 
between MA or MO and the p.R544C variant, the pre-
dominant variant associated with CADASIL in certain 
regions of East Asia [12]. Besides, in an analysis involving 
200,000 exome-sequenced UK Biobank participants, peo-
ple with common forms of migraine, including MA and 
MO, were not more likely than those without migraine 
to have four of the most commonly encountered cyste-
ine-altering NOTCH3 genetic variants [32]. Also, the 
percentages of migraine were not significantly different 
between individuals with and without cysteine-altering 
NOTCH3 variants in the UK Biobank [15]. The above 
findings are in sharp contrast to those in some of the larg-
est European cohorts of CADASIL patients [2, 3]. One of 
the explanations is the positions of the NOTCH3 vari-
ants. It was reported that patients harboring NOTCH3 
variants located in epidermal growth factor-like repeat 
(EGFR) domains 7–34, which are much more common in 
the general population, had a less severe phenotype than 
those with NOTCH3 located in EGFR domains 1–6 [33]. 
However, the prevalence and age of onset of migraine 
are not different between patients with EGFR domains 
1–6 and 7–34 variants [33, 34]. On the other hand, how 
migraine cases were defined or identified could also be an 
important issue. The attack frequencies of migraine with 
and without “aura” were very low in the European study, 
i.e., less than once a month in 80.2% and 64.4%, respec-
tively [2]. The diagnoses could be delayed or missed if 
they were not proactively made. In fact, there are consid-
erable variations in the percentages of “MA” in patients 
with CADASIL or NOTCH3 variants and diagnosed as 
migraine in different reports, and could range from 0 to 
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100% [2, 8, 13, 35, 36], which could be accounted for, at 
least in part, by the heterogeneities in the definitions of 
“MA” and the attitude of the clinicians. In comparison, 
the estimate on the prevalence of migraine in the UK 
Biobank could also be inaccurate since cases were identi-
fied by using the International Classification of Diseases 
(ICD) codes [15], for which case ascertainment could 
be an inherent limitation. More importantly, it is also 
possible that “MA” in the European and British studies 
[2, 3] may not completely correspond to the “ordinary” 
forms of MA encountered in our routine practice or the 
ICHD-3 diagnosis of MA. Therefore, to what extent cys-
teine-altering NOTCH3 genetic variants are associated 
with “ordinary” migraine remains an issue to be further 
investigated.

To sum up, Professor Chabriat’s arguments has only 
convinced us that headaches with certain migrainous 
features are common among patients with NOTCH3 
genetic variants or CADASIL. However, we are uncer-
tain whether these headaches and transient focal neu-
rological symptoms correspond to “ordinary” MA and 
MO. It seems we are still a number of steps from a firm 
conclusion about the association between CADASIL and 
migraine.
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