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The main clinical features of CADASIL (cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leucoencephalopathy) are stroke, dementia, and migraine.
A reversible acute encephalopathy was the principal pres-
entation in six of 70 patients in a British prevalence study.
The episodes lasted seven to 14 days, presenting with
fever, acute confusion, coma, and fits; there was full recov-
ery but in two cases identical episodes recurred some
years later. All patients had a previous history of migraine
with aura and were originally misdiagnosed as viral
encephalitis. CADASIL should be considered in acute
unexplained encephalopathies. MRI white matter changes,
previous migraine with aura, and a family history of stroke
and dementia may be useful pointers to the diagnosis.

Cerebral autosomal dominant arteriopathy with subcor-
tical infarcts and leukoencephalopathy (CADASIL)
causes lacunar strokes, migraine, and dementia. The

disease is caused by mutations in the Notch3 gene on
chromosome 19, with a prevalence of at least 1 per 100 000
(Markus H, British CADASIL study, unpublished data). There
have been two large clinical studies with 102 and 105
patients.1 2 The first symptom in the review paper by Desmond
et al was stroke or transient ischaemic attacks in 43% of
patients, migraine in 40%, depression in 9%, and cognitive
impairment in 6%.3 Epilepsy has been reported in 2–10% of
patients, most often following strokes.

We describe an acute encephalopathic presentation of the
disease in six patients (10% of our series). All cases were iden-
tified as part of a British CADASIL prevalence study and had
Notch3 mutations.

CASE 1
A 37 year old man developed migraine without aura as a child.

When he was 29 his migraines changed in character, with a

prolonged aura and right sided hemisensory symptoms

lasting one to two hours, and hemianopia lasting up to several

hours. His mother had migraine and died aged 53 with

dementia.

At age 34 the patient developed fever and headache, and the

following day he became confused and hallucinated. He became

drowsy with left sided weakness and a left homonymous hemi-

anopia which progressed over 48 hours. Magnetic resonance

imaging (MRI) of the brain showed multiple peripheral and

periventricular white matter lesions. Cerebrospinal fluid (CSF)

was normal apart from a raised protein of 0.8 g/l. On the fifth

day he developed frequent aversive seizures to the left, followed

by expressive dysphasia. He was treated with intravenous

phenytoin. An electroencephalogram (EEG) showed slow wave

activity over the left hemisphere and an almost flat record on

the right. He made a slow recovery over two weeks and left

hospital with minimal dysphasia. Neurological examination

two years later was entirely normal. Genotyping demonstrated

the C583T mutation.

CASE 2
This was a 41 year old woman who developed migraine with

sensory and visual auras when aged 14. Her mother also had

migraine with aura from her 20s, and a stroke aged 67.

When she was 34 the patient developed the first of her two

attacks of encephalopathy which started with a typical

migraine attack, but the headache, flashing lights, and right

sided tingling persisted and were followed by confusion. She

was admitted to hospital after four days, where she was

drowsy with a mental test score of 7/10, mild right sided

weakness, and bilateral extensor plantar responses. CSF

examination was normal. An EEG showed bilateral delta

waves. MRI of the brain was abnormal with extensive patchy

high signal change throughout the deep white matter of both

cerebral hemispheres. A diagnosis of encephalitis was made

and she was treated with dexamethasone, acyclovir, and broad

spectrum antibiotics. She had one tonic–clonic seizure

followed by a Todd’s paresis on the right the day after admis-

sion. This was treated with intravenous phenytoin and no fur-

ther seizures occurred. She slowly recovered over 10 days and

returned to her clerical job a few weeks later with no apparent

deficits.

She remained well for seven years until she was readmitted

with her second episode when aged 41, with a two day history

of severe migraine headache, right arm weakness, vomiting,

Table 1 Summary of the main clinical features and mutations of six encephalopathic
cases of CADASIL

Case Age (years) Sex Age at 1st episode Seizures
No of
episodes

Notch3
mutation

1 37 M 34 + 1 C583T
2 41 F 34 + 2 C622T
3 53 M 52 − 1 G2935T
4 61 F 38 − 3 C622T
5 62 F 59 + 1 C583T
6 36 F 30 + 1 C583T

CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy.
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and blurring of vision. She was mildly pyrexial (37.5°C), with

a Glasgow coma score of 13/15, a mild right hemiparesis and

right homonymous hemianopia, brisk deep tendon reflexes,

and bilateral extensor plantar responses. She was treated with

antibiotics and acyclovir. Repeat MRI scan again showed

extensive white matter disease, this time involving the

centrum semiovale and the anterior poles of the temporal

lobes (fig 1). This led to a diagnosis of possible CADASIL. She

again suffered two generalised tonic–clonic seizures and was

treated with phenytoin. She made a gradual recovery over nine

days and returned to work. She has remained asymptomatic

during 12 months of follow up. Genotyping demonstrated the

C622T mutation.

CASE 3
This 53 year old man had a 20 year history of migraine with

sensory aura. His father had migraines and developed demen-

tia in his 50s. In April 1999 the patient developed right sided

numbness akin to his migraine aura but then lost coordina-

tion and developed a headache. The next day he was almost

unrousable and was admitted to hospital, where he was noted

to have headache, fever, confusion, a left homonymous hemi-

anopia, and left sided inattention. CSF examination and com-

puted tomography (CT) of the brain were normal. An EEG

showed marked slowing over the right hemisphere. On MRI

there was extensive high signal affecting the deep and subcor-

tical white matter of both cerebral hemispheres. He was diag-

nosed as having viral encephalitis and treated with acyclovir.

He became increasingly comatose over five days but then

slowly made a full recovery and was discharged after 13 days.

His memory and attention were slightly impaired after the

acute illness but in retrospect he had probably had mild cog-

nitive symptoms before the acute episode. Genotyping

demonstrated the CT293JT mutation.

CASE 4
This 62 year old woman had a history of migraines with sen-

sory aura from her 20s. Her mother had migraines and severe

depression, and died with progressive dementia in her 60s.

At age 59 the patient developed a headache, became

confused and disorientated, and was admitted with increasing

coma and fever but no localising neurological findings. CT of

the brain and CSF examination were normal, an EEG showed

right temporal slow wave activity, and a MRI showed

symmetrical bilateral white matter high signal. She was diag-

nosed as a case of possible herpes simplex encephalitis and

treated with acyclovir. Eleven days later she made a full recov-

ery except that she has had four migraines followed by periods

of confusion and disorientation lasting one to three days, with

full recovery. Genotyping demonstrated the C622T mutation.

CASE 5
This 61 year old woman developed migraines with visual or

sensory auras when aged 23. Her father had the first of a series

of strokes age 48 and died aged 60. The patient presented at 38

years of age with the first of three episodes of encephalopathy

which started with two days of disorientation and numbness

in the left foot. She was unable to name family members and

her speech became sparse and of limited content. She was

admitted to hospital where she developed visual hallucina-

tions involving the disappearance of the lower halves of

people’s bodies and confusion, but she made a full recovery

after two weeks.

At age 50 she had a second almost identical episode, again

being admitted to hospital for two weeks with visual halluci-

nations and confusion.

When aged 60 she was admitted with a third episode

preceded by diarrhoea and vomiting and a throbbing

headache, further vomiting, and again the development of

confusion and visual hallucinations of lower body disappear-

ance. During the 10 day admission, she had eight aversive sei-

zures with head turning to her right and loss of awareness,

followed by postictal right hand weakness. She was treated

with intravenous phenytoin and made a complete recovery.

When examined at age 61 the only findings were minimally

increased tone in the legs and a left extensor plantar response.

The mini-mental test score was normal. MRI of the brain

showed confluent high signal white matter lesions on T2

weighted imaging. Genotyping demonstrated the C583T

mutation.

CASE 6
This 36 year old woman had a history of migraine with aura

involving visual scintillations for 15 minutes, followed by

Figure 1 MRI images from case 2 showing features characteristic
of CADASIL. (A) Image through the temporal lobes showing confluent
high signal in both temporal poles. (B) Image through the basal
ganglia showing confluent high signal in the external capsules.
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speech problems for 15–30 minutes and a mild throbbing

headache. Her mother was case 5, and there was a family his-

tory of premature stroke. Age 30, when 38 weeks pregnant

with her second child, this patient had a migraine aura with-

out headache involving right sided numbness and speech

problems lasting two hours. Because a transient ischaemic

attack was considered she underwent urgent caesarean

section. Five days later she became drowsy and confused, and

although rousable was only able to obey simple commands.

After another two days she suffered a single major seizure. She

slowly recovered and was discharged after 10 days. Her initial

diagnosis was viral encephalitis and she was treated with acy-

clovir. CT of the brain showed only basal ganglia calcification.

CSF examination was normal and her EEG showed left ante-

rior spike discharges with right hemisphere slow waves. Anti-

cardiolipin antibody was found to be positive, and the alterna-

tive diagnosis of intracranial venous thrombosis was

considered. When seen, following the diagnosis of CADASIL in

her mother, neurological examination and mini-mental

testing was normal. She had the same Notch3 mutation as her

mother (C583T).

DISCUSSION
These six cases all suffered an acute encephalopathic illness

rather than any of the commonly described presentations of

CADASIL. In all, a misdiagnosis of acute encephalitis was

made and the correct diagnosis of CADASIL delayed, in some

cases for many years.

The cardinal features of these cases were confusion in all

six, headache at onset in four, pyrexia in four, fits in four, full

recovery over seven to 14 days in all cases, and recurrence of

virtually identical attacks in two patients. Fits, which were

seen in four of the six cases, were both generalised and focal.

The fits always developed some days after the onset of coma,

so could not easily be the cause of the confusional state. All

cases had a history of migraine with aura, and the encephalo-

pathic episodes seemed to start with an otherwise typical

migraine attack.

A useful pointer to the diagnosis was the presence of white

matter abnormalities on MRI in all our six patients. Recent

studies have shown that involvement of the anterior temporal

pole is a sensitive and relatively specific marker for CADASIL,

while involvement of the external capsule and corpus

callosum are common.4 5 In four cases there were marked

anterior temporal changes and in six the external capsule was

involved.

The association of confusion, hallucinations, and coma with

migraine is best described in familial hemiplegic migraine

(FHM). In 1985 Fitzsimons and Wolfenden6 wrote about a

family with migraine associated with prolonged coma and

cerebral oedema which could follow trivial head injuries and

could be fatal. This family also had an associated autosomal

dominant cerebellar ataxia. Recently Kors et al described three

patients with FHM associated with a novel mutation in the

CACNA1A calcium channel subunit gene, in which delayed

cerebral oedema and fatal coma occurred after minor head

injury.7 There is now increasing evidence linking FHM,

episodic ataxia type 2, and SCA6 to mutations in the same

gene, the exact phenotype of which may at least in part be

determined by the differing mutations.8 9 Only half the cases

of FHM are linked to mutations in the CACNA1A gene on

chromosome 19, and these families have some degree of cer-

ebellar disease. Linkage to chromosome 1 has been described

by Echenne et al in a case of FHM without cerebellar

features.10

The mechanism underlying CADASIL associated acute

encephalopathy is unknown but the remarkable similarities to

some features of the calcium channel gene mutations make

some indirect channel disorder seem likely, and raises the

possibility that acetazolamide might be a possible treatment.

Such episodes of acute resolving encephalopathy associated

with CADASIL have only rarely been described. Chabriat et al
reported an unusual family in which four of 12 family mem-

bers had probably suffered similar attacks.11 Their case 1.1 died

after an eight day episode of confusion and coma, case 2.1 had

two episodes of stupor, case 2.3 suffered 24 hours of confusion

with a slow EEG, and case 2.6 had a sudden headache

followed by coma and fevers and was admitted to intensive

care, had 500 white cells in her CSF, and made a full recovery

after 15 days. This family is now known to have an unusual

splice site mutation.12 However, all of our six cases had the

more common point mutations.

In 2002, Feuerhake et al reported a 50 year old woman who

suffered three attacks within 10 months of somnolence and

coma lasting a few days.13 They felt that the episodes reflected

raised intracranial pressure, possibly caused by a transient

blood–brain barrier disturbance.

We found no particular genotypes predisposing to this

encephalopathic presentation. Although two members of one

family (cases 5 and 6) both had an encephalopathic presenta-

tion, other members of the same family did not. Two families

had the same mutations (C583T and C622T) but these are the

two commonest CADASIL mutations in the British popula-

tion, each occurring in 10 of the initial 48 index cases. This

suggests the presentation is modified by other as yet unknown

factors. No triggers were identified; most episodes seemed to

follow “normal” migraines.

Conclusions
CADASIL should be considered in the differential diagnosis of

an acute encephalopathic illness. Clues to the diagnosis

include a history of migraine with aura, a family history of

stroke or dementia, and white matter abnormalities on MRI.

The encephalopathy is self limiting but may recur.

ACKNOWLEDGEMENTS
We are grateful to the British Neurological Surveillance Unit and the
British Association of Stroke Physicians for assistance in recruiting
patients with CADASIL, to all the UK physicians who referred
suspected cases, and to Dr G Saldanha who referred case 4. This work
was supported by funding received from the NHS Executive London
research and development Programme. The views expressed in the
publication are those of the authors and not necessarily those of the
NHS Executive or the Department of Health.

. . . . . . . . . . . . . . . . . . . . .

Authors’ affiliations
F Schon, R J Martin, H S Markus, Clinical Neuroscience, St George’s
Hospital Medical School, London, UK
M Prevett, Southampton General Hospital, Southampton, UK
C Clough, King’s College Hospital, London
T P Enevoldson, Walton Centre for Neurology and Neurosurgery,
Liverpool, UK

Competing interests: none declared

Correspondence to: Fred Schon, Department of Neurology, Atkinson
Morley’s Hospital, London SW20 ONE, UK; schon@globalnet.co.uk

Received 4 February 2002
In revised form 19 April 2002
Accepted 24 April 2002

REFERENCES
1 Chabriat H, Vahedi K, Iba-Zizen MT, et al. Clinical spectrum of

CADASIL: a study of 7 families. Lancet 1995;346:934–9.
2 Dichgans M, Mayer M, Uttner I, et al. The phenotypic spectrum of

CADASIL: clinical findings in 102 cases. Ann Neurol 1998;44:731–9.
3 Desmond DW, Moroney JT, Lynch T, et al. The natural history of

CADASIL: a pooled analysis of previously published cases. Stroke
1999;30:1230–3.

4 O’Sullivan, Jarosz J, Martin RJ, et al. MRI hyperintensities of the
temporal lobe and external capsule in patients with CADASIL. Neurology
2001;56:628–34.

CADASIL coma 251

www.jnnp.com

http://jnnp.bmj.com


5 Auer D, Putz B, Gossl C, et al. Differential lesion patterns in CADASIL
and sporadic subcortical arteriosclerotic encephalopathy: MR imaging
study with statistical parametric group comparison. Radiology
2001;218:443–51.

6 Fitzsimons RB, Wolfenden WH. Migraine coma. Meningitic migraine
with cerebral oedema associated with a new form of autosomal
dominant cerebellar ataxia. Brain 1985;108:555–77.

7 Kors EE, Terwindt GM, Vermeulen FLMG, et al. Delayed cerebral
oedema and fatal coma after minor head trauma: role of the CACNA1A
calcium channel subunit gene and relationship with familial hemiplegic
migraine. Ann Neurol 2001;49:753–60.

8 Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial hemiplegic
migraine and episodic ataxia type-2 caused by mutations in the Ca2+

channel gene CACNL1A4. Cell 1996;87:543–52.

9 Ducros A, Denier C, Cecillon M, et al. The clinical spectrum of familial
hemiplegic migraine associated with mutations in a neuronal calcium
channel. N Eng J Med 2001;345:57–9.

10 Echenne B, Ducros A, Rivier F, et al. Recurrent episodes of coma: an
unusual phenotype of familial hemiplegic migraine with linkage to
chromosome 1. Neuropediatrics 1999;30:214–17.

11 Chabriat H, Tournier-Lasserve E, Vahedi K, et al. Autosomal dominant
migraine with MRI white-matter abnormalities mapping to the CADASIL
locus. Neurology 1995;45:1086–91.

12 Joutel A, Chabriat H, Vahedi K, et al. Splice site mutation causing a
seven amino acid Notch3 in-frame deletion in CADASIL. Neurology
2000;54:1874–5.

13 Feuerhake F, Volk B, Ostertag CB, et al. Reversible coma with raised
intracranial pressure: an unusual clinical manifestation of CADASIL. Acta
Neuropathol 2002:103:188–92.

New JNNP online submission and review system

The Editors of JNNP are pleased to inform authors and reviewers of its new online submis-
sion and review system. Bench>Press is a fully integrated electronic system which uses the
internet to allow rapid and efficient submission of manuscripts, plus the entire peer review
process to be conducted online.

Authors can submit their manuscript in any standard word processing software. Graphic
formats acceptable are: .jpg, .tiff, .gif, and eps. Text and graphic files are automatically
converted to PDF for ease of distribution and reviewing purposes. Authors are asked to
approve their submission before it formally enters the reviewing process.

To access the system click on “SUBMIT YOUR MANUSCRIPT HERE” on the JNNP
homepage: http://www.jnnp.com/, or you can access Bench>Press directly at
http://submit-jnnp.bmjjournals.com/.

We are very excited with this new development and we would encourage authors and
reviewers to use the on-line system where possible. It really is simple to use and should be
a big improvement on the current peer review process. Full instructions can be found on
Bench>Press http://submit-jnnp.bmjjournals.com/, and JNNP online at http://www.
jnnp.com/. Please contact Natalie Davies, Project Manager, ndavies@bmjgroup.com for
further information.

PRE-REGISTER WITH THE SYSTEM

We would be grateful if all JNNP authors and reviewers pre-registered with the system.
This will give you the opportunity to update your contact and expertise data, allowing us
to provide you with a more efficient service.
Instructions for registering
1. Enter http://submit-jnnp.bmjjournals.com
2. Click on “Create a New Account” in the upper left hand side of the Bench>Press
homepage
3. Enter your email address in the space provided.
4. Please be sure to enter the email address that you received this email message at.
You will be given the opportunity to change this once you have created an account.
5. Choose a password for yourself and enter it in the spaces provided.
6. Complete the question of your choice to be used in the event you cannot remember
your password at a later time.
7. Click on the “Save” button at the bottom of the screen.
8. Check the e-mail account you registered under. An email will be sent to you with
a verification number and URL.
9. Once you receive this verification number, click on the URL hyperlink and enter
the verification number in the relevant field. This is for security reasons and to
check that your account is not being used fraudulently.
10. Enter/amend your contact information, and update your expertise data.

252 Schon, Martin, Prevett, et al

www.jnnp.com

http://jnnp.bmj.com

