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Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is a recently 
described familial cerebrovascular disorder shown to map to chromosome 19ql2. Familial hemiplegic migraine has 
also been shown in some families to map close to the CADASIL locus. The fully developed CADASIL phenotype 
consists of recurrent strokes developing in the fourth decade, progressing to a pseudobulbar palsy, spastic quadripa- 
resis, and subcortical dementia. In an Irish family 15 members were fully investigated by magnetic resonance scanning; 
10 had typical magnetic resonance features of CADASIL. Five members of this family had familial hemiplegic migraine 
and 4 of these had magnetic resonance evidence of CADASIL. Two other members had migraine with and without 
aura as a presenting clinical symptom of CADASIL. This disorder has been shown by linkage analysis to map to the 
CADASIL locus at chromosome 19. The phenotype at presentation of CADASIL in this family was variable and 
age related and included familial hemiplegic migraine, migraine with and without aura, transient ischemic attacks, 
strokes, and spinal cord infarction. This family study increases our understanding of the spectrum of clinical manifesta- 
tions of this underrecognized familial cerebrovascular disorder. 
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In the last 20 years a number of families have been 
described with an autosomal dominant disorder charac- 
terized by recurrent strokes and stepwise progression 
of neurological deficits leading to a multiinfarct demen- 
tia and severe disability C1-81. The onset has usually 
been in the fourth decade, with death in the seventh. 
The most recent studies described the magnetic reso- 
nance imaging (MRI) and pathological features and the 
inelegant but accurate name “cerebral autosomal domi- 
nant arteriopathy with subcortical infarcts and leu- 
koencephalopathy” (CADASIL) has been proposed [ 5 ,  
91. 

One of the more remarkable features of the pheno- 
type, described initially in a French family, is that the 
disorder may be evident on MRIs of at-risk individuals 
before clinical symptoms or signs have developed [ 5 ] .  
In those asymptomatic family members, T2-weighted 
MRI showed extensive areas of increased signal in the 
white matter. Most recently, Tournier-Lasserve and 

her colleagues [lo} assigned the disease locus in two 
unrelated CADASIL French families to chromosome 
19q12. 

In chree of the reported families [ 1-81 it was noted 
that some family members had suffered from migraine 
prior to the onset of the stroke syndrome (migraine 
with aura in 4 [3, 5 ,  61 and without aura in 1 C5l). 
In some families migraine was noted to be the most 
frequently encountered symptom [ l l ,  12). In the 
course of this investigation of an Irish family with CA- 
DASIL, it was noted that 4 family members who devel- 
oped CADASIL had a history and preceding diagnosis 
of familial hemiplegic migraine (FHM). It has been 
reported that a gene for FHM maps to chromosome 
19, close to or coincident with the gene locus proposed 
for CADASIL {13]. FHM may be distinguished from 
CADASIL by earlier onset, benign prognosis, and nor- 
mal MRI findings. Although FHM and CADASIL are 
clearly distinct phenotypes, it is possible that both dis- 
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orders may share a common genetic locus; thus, this 
clinical, radiological, and molecular genetic investiga- 
tion was undertaken. 

Materials and Methods 
Famihi Pedigree 
This family originating from County Longford in the mid- 
lands of Ireland is composed of two branches. Founders (I2 
and 13) of these two branches had the same family name, 
lived in the same parish in the 1850s, and were probably 
siblings, although this has nor been established by a genealog- 
ical research. Branch A includes 12 members who had clini- 
cal, biochemical, neuroimaging, and molecular genetic stud- 
ies performed after giving their informed consent. Branch B 
includes 4 members examined so far; 3 have had MRI and 
molecular genetic studies. This study was sanctioned by the 
ethics committee of St. Vincent’s Hospital, Dublin. Patients 
under the age of 20 were not examined. 

Defitiitioris 
The phenotype of CADASIL was defined by, as a minimum 
requirement, the presence of characteristic abnormalities on  
MRI in a genetically at-risk family member with a pattern of 
autosomal dominant inheritance. The fully developed clinical 
syndrome consisted of recurrent episodes of focal brain defi- 
cits starting in midadult life leading often to residual motor 
disability with a pseudobulbar palsy and dementia. The char- 
acteristic MRI abnormality consisted of a leukoencephalopa- 
thy of varying severity on T2-weighted images and of multi- 
ple deep white matter infarcts seen on both T1- and 
T2-weighted images. 

FHM was defined using the criteria of the International 
Headache Society as migraine with aura presenting with 
some degree of hemiparesis, which may be prolonged, and 
with at least one first-degree relative with identical attacks 
[ 14 ] .  

Neu roimaging 
MRI examinations of the brain were performed using either 
a 0.5-T MR MAX General Electric scanner (12 family mem- 
bers) in Dublin or a Siemens 1.5-T machine at the National 
Hospital, Queen Square, London ( 3  members) (courtesy of 
Dr David Miller). Sagittal T1-weighted images (TR 4401 
TE 14/2 excitations), axial T2-weighted (2500-29001 1001 
1-2), and proton density (2500-2900120-4011-2) sections 
were used. Slice thickness was 5 mm and a 256 X 256 (sagit- 
tal) or 160 X 256 (axial) matrix was employed. Intravenous 
contrast material was not used. The neuroradiologist was 
blinded ro the genetic information when he evaluated the 
MRIs. 

Liakctge Ana(yJis 
All potentially informative individuals who gave their in- 
formed consent had blood drawn. D N A  was extracted from 
peripheral blood leukocytes. Six chromosome 19 mark- 
ers spanning the interval containing the CADASIL gene 
(D19S413, DS19221, D19S226, D19S199, D19S24.4, 
D19S215) were selected for their informativity 115, 161. Ge- 
netic linkage analysis was conducted as described previously 
[lo]. The status for linkage analysis was based on MRI data. 

All clinically affected individuals having an abnormal- 
appearing MRI were considered as affected, as were asymp- 
tomatic individuals born from an affected parent and having 
an abnormal-appearing MRI. Asymptomatic individuals with 
a normal MRI were considered as having an unknown status 
when they were younger than 35 and considered as healthy 
when older than 35. Linkage analysis was conducted using 
the allele frequencies observed for the selected markers in 
the CEPH families as previously described [lo]. 

Results 
Fanlib Pedigree 
Branch A (Fig 1) has been most thoroughly investi- 
gated; Branch B was discovered by serendipity (an ab- 
normal computed tomography [CT] brain scan on a 
hospital employee presenting with common migraine) 
and only 4 members have been examined. Although 
both branches of the family now live in Dublin, they 
both originate from rural County Longford, Ireland. 
Genealogical research by one of us (E.Q.) led to link- 
age of the families in Generation 11; however, in this 
sibship their death certificates (from the 1890s) indi- 
cated that they had died in their eighth and ninth de- 
cade from disorders unlikely to be associated with CA- 
DASIL. In the preceding generation, Subjects I2 and 
I3 had the same family name and lived in the same 
parish; they were probably siblings. Genetic analysis 
indicated that Branch A and B members belonged to 
the same family. 

Sunznaary of C h i c a l  Features 
Fifteen members of the family were fully assessed clini- 
cally and by MRI. By the imaging definition of the 
phenotype, 10 family members had CADASIL (see Fig 
1). The ages at onset of clinical symptoms of CA- 
DASIL could be defined with accuracy in 6; the range 
was 20 to 35 years and the median age at onset was 
28 years. If one accepts that the father (11112) of IV8, 
IV9, and IV11 had CADASIL, then the age of presen- 
tation may extend to 7 1  years. The diagnosis of possi- 
ble CADASIL in the preceding generations ( I  to 111) 
was based on history obtained from relatives and from 
death certificates that indicated a history of premature 
strokes. Some family members, notably I113 to 1117, 
emigrated to the United States and contact was lost. 

The modes of presentation of the 10 patients with 
CADASIL and the father (11112) of 3 affected mem- 
bers were as follows: 

A. Asymptomatic, diagnosed during family study 
(V1). 

B. Minimal transient focal neurological symptoms 
lasting minutes (V8 and IV11) or recurrent hemi- 
sensory and hemiparetic symptoms lasting from 
hours to days with complete remission (V6 and 
IV9). 
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Fig  1 .  Family tree of  an Irish family with cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoenceph- 
alopathy (CADASIL).  Branch A in text refers to  the descen- 
dants of1112 and Branch B in  text refen t o  the desceizdants of 
11112. Subjects u’ho uere fulhi examined clinicalb and by mag- 
netic resonance imaging (MRl)  are indicated bj horizontal 
bars. Subjects with CADASIL are iiidicated by filled figures, 
probable CADASIL subjects are indicated by half-filled figures, 
and diagonal bars indicate dead family members. Squares repre- 
seiit men: circles, uiomen. 

C. 

D. 
E. 

F. 

Recurrent focal neurological deficits with residual 
and cumulative disability (IVI,  IV2, and IV3). 
Migraine with aura (V6) and without aura (IV8). 
FHM (V3), which also preceded the presenting 
symptom in IV1, IV2, and IV3. 
Spinal cord infarction (no MRI; presumed CA- 
DASIL, 11112). 

The progression of CADASIL in the fifth and sixth 
decades is illustrated by 3 siblings (IVl-IV3). Two of 
these women developed a progressive stepwise deteri- 
oration in neurological and functional status associated 
with multiple strokelike episodes and a severe depen- 
dent state. One sibling (IVl) ,  despite a severe initial 
deficit at the age of 28 and recurrent episodes of hemi- 
plegic migraine, remained well with minimal functional 
disturbance. 

Migraine aTid Familial Henziplegic Migraine 
Four subjects with CADASIL had a history of FHM 
dating back to childhood (IVl-3 and V3), 1 patient 
with CADASIL had migraine with aura (Vb), in 1 pa- 
tient migraine without aura was the only presenting 
symptom (IV8), and 1 patient had FHM without MRI 
evidence of CADASIL (V5). 

IlIustrative Case Histories 

time of writing, this woman presented at the age of 37 with 
episodes since childhood of transient hemiparesis associated 
with severe headache; a diagnosis of hemiplegic migraine was 
made. She first attended St. Vincent’s Hospital in 1075 with 
weakness in the right side of the face and the right arm and 
a right extensor plantar response; these symptoms cleared in 
2 days. She continued to attend intermittently as an outpa- 
tient and from 1985 had many admissions because of epi- 
sodes of hemiparesis that did not completely resolve. CT 
showed multiple widespread hypodensities in the cerebral 
white matter. Stepwise deterioration continued and she be- 
came completely dependent and chair bound with severe 
dysarthria, echolalia, verbal perseveration, disorientation in 
time and place, spastic quadriparesis, pseudobulbar palsy, 
left-limb parietal signs, and urinary incontinence. At the time 
of writing, she still had “small attacks” with headache and 
increased confusion lasting a few hours. Extensive investiga- 
tions for recurrent and familial stroke disorders including 
mitochondria1 disease and hypercoagulable states were nega- 
tive. Since 1980 she was taking a variety of medications with- 
out response, including the usual prophylactic antimigraine 
drugs, calcium channel blockers, anticonvulsants, and antico- 
agulants. MRI in 1993 showed cerebral atrophy, severe leu- 
koencephalopathy, and multiple subcortical infarcts. Diagno- 
sis: FHM and CADASIL. 

BRANCH A: INDEX PATIENT ( I V 3 ) .  SUty years old at the 

BKANCH A: PATIENT v5. At the age of 32 this woman had 
an episode of severe headache with confusion and was admit- 
ted to a county hospital for 4 weeks; she did not remember 
2 weeks of‘this period. Subsequently she had four episodes 
of severe hemicranial headache during which she had heavi- 
ness and weakness in an arm opposite the side of the head- 
ache. On one occasion she had dysphasia 1 hour after onset 
of the headache. Normally she would go to sleep at the onset 
of the headache and her symptoms would have cleared on  
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wakening. MRI in 1994 was normal. Diagnosis: FHM only, 
not CADASIL. 

BKANCH B: INDEX PATIENT (1v8). This 36-year-old man, a 
hospical employee, presented to his neurologist with a history 
of two severe migraine headaches on  alternate sides of his 
head. These headaches were not associated with an aura or 
any other focal neurological symptoms. Neurological exami- 
nation revealed normal findings; a CT scan showed three 
white matter hypointensities consistent with infarction. Re- 
sults of a full investigation for cerebrovascular disease were 
normal; an MR1 showed features consistent with a leu- 
koencephalopathy. Diagnosis: CADASIL and common mi- 
graine. 

B U N C H  B: PATIENT I l I 1 2 .  The father of IV8, IV9, and 
IV1 I died in 1988 at the age of ?7, six years after the onset 
of a spastic paraplegia. In April 1982 he was admitted to the 
neurology ward as an emergency (under the care of M. H.), 
having suddenly developed a weakness of both legs and re- 
tention of urine. He had a history of severe migraine attacks 
all his life. Examination showed a moderate weakness of both 
legs and a sensory level to pinprick to T-10 without sacral 
sparing but with preservation of posterior column sensation. 
The weakness progressed over the day to a marked parapare- 
sis (grade 2 MRC in leg flexors). Radiographs of the spine, 
cerebrospinal fluid analysis, myelography (repeated once). 

and brain CT were normal; a diagnosis of spinal cord in- 
farction in the anterior spinal artery territory was made. Over 
the next 18 months he improved to walking a few steps with 
bilateral support and was able to self-transfer. H e  died at 
home 6 years later. Diagnosis: probable CADASIL. 

M R I  Findings 
Ten family members had MRI abnormalities and were 
thus defined as having the CADASIL phenotype; 5 
had normal-appearing MRIs (Table). There was no evi- 
dence of cerebellar atrophy on any scan. The most 
severely affected on clinical examination was the index 
patient in Branch A (IV3); she had also the most 
marked MRI findings. The MRI demonstrated sym- 
metrical confluent high-signal areas on proton density 
and T2-weighted images throughout the deep white 
matter of both cerebral hemispheres, with symmetrical 
involvement of both temporal lobes. Multiple focal 
low-signal areas on T1-weighted images indicated cys- 
tic or necrotic lesions within the diffuse white matter 
abnormalities (Fig 2). In addition, separate discrete 
punctate lesions up to 2 cm were seen throughout the 
brainstem, thalami, basal ganglia, cerebral peduncles, 
and pons. There were also changes of ventricular dilata- 
tion and of atrophy of the corpus callosum. 

S i m n i q  o j  Featiires of  F u l l y  Inr~ertigatrd Family hlenibers uith Cerebvd Atitosonial Dominant Avtrriupathy uith Subcortiial 
infarcts and Lezikoencephalopatb.~ (CADASIL) and Familial Heniiplegic Migraine ( F H M ,  or hligrainr 

~~ 

Family Age (yr) at Onset (0) FHMi Clinical Evidence Magnetic Resonance 
Member and Examination (E)  Migraine ? of CADASIL? Imaging Finding 

IV I 0: 28 FHM Yes Abn 

IV2 0: 4?? FHM Yes Abn 

1v3 0: 47! FHM Yes Abn 

v 1  Asymptomatic N o  N o  Abn 

V2 E: 33 N o  No N m  
V3 Asymptomatic FHM No Abn 

V4 E: 37 No No N m  
V5 E: 36 FHM No Nm 
V6 0: 27 Migraine Yes Abn 

v7 E: 29 No N o  N m  
V8 0: 24 No Yes? Abn 

v9 E: 24 No N o  N m  
IV8 0: 35 Migraine N o  Abn 

IV9 0: 33 N o  Yes Abn 

IVI  1 0: 20:' NO Yes? Abn 

E: 63 

E: 61 

E: 60 

E: 35 

E: 39 

E: 34 

E: 27 

E: 36 

E: 35 

E: 30 

N n i  = normal: Abn = abnormal. 
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Fig 2. Braiii M R I  of the index patient (IV31. Axial proton 
density sections at the leid of the bodies of the lateral zmlricles 
(A) and centruni seniiozale ( B )  shoun conjuent, setmere, high- 
signal leukoriicephalopathy. uith discrete pnnctate low-signal le- 
s i o m  indicating cystic or necrotic lesions. 

By comparison, MRI of Patient V3, who presented 
with only FHM, demonstrated confluent symmetrical 
high-signal areas on T2-weighted and proton density 
images in the anterior temporal lobes and the occipital 
lobes (Fig 3). This subject also had punctate lesions up 
tu 1 cm in diameter in the cerebral hemispheres, tha- 
lami, and basal ganglia. Linear areas of high signal in- 
tensity were seen throughout both external capsules. 

In the index patient of Branch B who presented with 
only migraine without aura (IV8), the MRI demon- 
strated areas of high-signal intensity on proton density 
and T2-weighted images in the deep white matter bilat- 
erally. This patient also had punctate lesions up to 1 
cm in diameter in the pons, basal ganglia, and thalami 
(Fig 4). 

Linkage Analy..ris 
Significant lod scores were obtained with markers 
D19S226 (maximum lod score: 3.91 at 0 = 0) and 
D19S244 (maximum lod score: 3.18 at 0 = 0). Linkage 
analysis with additional closely linked markers showed 
positive lod scores. These data strongly establish link- 
age of the disorder present in this family with the CA- 
DASIL locus, which was demonstrated previously to 
be bracketed by D19S216 and D19S215. Haplotype 

analysis (Fig 5) showed recombination events in 3 af- 
fected individuals. One was observed in 1 individual 
(V8) with D19S413. The 2 others with D19S21S were 
Patients V1 and V3. D19S413 and D19S215 bracket 
a 20-cM interval encompassing the 14-cM interval 
DS19221 to D19S215 containing the gene responsible 
for CADASIL. 

Discussion 
Clinical Aspects of CADASIL 
Of the 12 members of Branch A descended from 1112, 
7 were found to be affected by CADASIL. The clinical 
course followed a similar pattern, with some interindi- 
vidual difference in severity. The age of onset of symp- 
toms of CADASIL in this family seems remarkably 
consistent, It is clear, however, on the basis of MRI 
studies, that this disorder is established and clearly 
definable in susceptible subjects before it becomes 
symptomatic; in Patients V1 (asymptomatic) and V3 
(preceding FHM only) MRI showed considerable leu- 
koencephalopathy. In addition in 2 individuals with a 
single transient symptom (V8 and IV11) the MRI was 
again quite abnormal. 

In Branch B the siblings of Generation IV presented 
in a typical manner; however, their father had a more 
unusual neurological disorder, which does not appear 
to have been described in other families with CA- 
DASIL. At the age of 7 1 he developed an acute spastic 
paraparesis that was considered to be a spinal cord in- 
farct; it is unlikely that the signs were due to cerebral 
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Fig  3. Bruin M R I  of Patient V.3 who presented with on(y a 
histoly o/fandia/ hemip feg i i  migraine. Thi.r axial proton den- 
s i t y  scan .thous marked roufliient syninietricd high signals in 
the anterior temporal and occipital lobes. 

Fig 4. Bruiii M R I  of Patient IV8 uho presented ui th  migvuinr 
udthout aiira. This T2-roeighted axial si-an shous scattered 
linear and prrnctute high-sigtzal abtzomzalities in  the white mat- 
ter. caiidate n d e i ,  and thalami. 

infarction because of the sensory level, the prominent 
bladder symptoms, and the normal CT scan. Given the 
fact that his wife remains well, it must be considered 
that spinal cord infarction may be a presenting feature 
of CADASIL. This family illustrates the multiple clini- 
cal presentations of CADASIL, which also in part ap- 
pear to be age related: FHM presenting in the first 
decade, migraine in the 20s to ~ O S ,  transient ischemic 
attacks in the 30s, a progressive multiinfarct dementia 
in the 40s to bOs, and spinal cord infarction in the 
eighth decade. Despite treatment with a variety of 
vasodilators, antimigraine drugs, anticonvulsants, and 
anticoagulants, this disorder progressed in Patients IV2 
and IV3. 

This disorder follows a pattern characteristic of many 
autosomal dominant disorders: late onset and variable 
severity of the phenotype. The clinical features in this 
family are broadly similar to those reported in varying 
degrees of detail [l-81. In particular, the spectrum of 
symptoms, age at onset, age of maximum disability, 
and death, and MRI findings closely resemble those in 
the French families [4-61. The most unusual feature 
of this family is the association with FHM, which is 
discussed below. As well as the CADASIL families 
reported C 1-81, there have been scattered case reports 
in the American and Japanese literature which may be 
examples of this disorder C17-191. 

The differential diagnosis of an autosomal domi- 
nant stroke syndrome is large and includes coagulopa- 
thies, cardiac disorders, Fabry’s disease, angiopathies, 
MELAS syndrome, and dyslipoproteinemias (201. 
Most of these disorders may be excluded by investiga- 
tion; cerebral amyloid angiopathy is most unlikely in 
our patients in the absence of cerebral hemorrhage 
c2 11. 

Clinical Features of Familial Heniiplegic Migraiiie 
Five members of Branch A, and one child of Patient 
V3 not fully investigated, have or had a disorder consis- 
tent with FHM, 1 member (V6) presented with classic 
migraine, and 1 subject in Branch B (IV8) had com- 
mon migraine. The association of FHM and CADASIL 
is of interest in view of linkage analysis studies sug- 
gesting that the loci for both disorders reside within 
an interval of about 30 cM on chromosome 19 1131. 
All families with clinical evidence of CADASIL tested 
to date have shown conclusive linkage to chromosome 
19 (E. Tournier-Lasserve, unpublished observations, 
1995). In this family strong evidence of linkage to the 
CADASIL locus on chromosome 19 has been estab- 
lished. Although the association of migraine and CA- 
DASIL has been described Ell ,  121, this family is the 
first in which both FHM and migraine with and without 
aura have been described as a clinical presentation of 
CADASIL. Only 1 member of the present family had 
FHM without CADASIL (V5). In this person migraine 

822 Annals of Neurology Vol 38 No 5 November 1995 



I 

II 

111 

IV 

V 

C F  
B F  
M M  
N L  
D O  
E H  

J D  J D  

K C  K C  
N L  N L  
A X  A X  
E D  E D  

H H  - -  

H F  

N L  
A G  

3 LU 

J F  

K M  

J D  F F  
H H  C I  
K C  M I  
N L  B H  
A X  A €  
E D  B D  

8 h llh 

I 

Recombinant 

0 Sldc on cihlcal hlsbxy 

J F  D F  - -  J F D F *D F D F 01-13 - -  H I  H C  H C  -~ D F  
H F  
C M  K M  C I  C M  K M  C I  K M  C I  D19S226 
N L  N K  L H  L B  N B  L H  - -  L H 019S2U 
A G  A Y  X E  X A  A A  X E  A A  X E D 1 9 S 1 9 9  
E H  * D H  D D  D B  E B  D D  E B  D D D 1 9 S 2 1 5  

Fig j. Simplibed famiry tree udth genotypes u s i n g  six chromo- 
some 19 markers for Linkage amalysis. The “aflected’ haplot.ype 
is  JHKNAE. Three recombitzamts are noted by asterisks. The 
numerical identificatioti of family members is  the same as in  Fig-  
ZLW 1.  

started at the age of 32 with prominent episodes of 
hemiparesis, hemianesthesia, dysphasia, and a severe 
confusional episode in association with migraine. This 
36-year-old did not have CADASIL by MRI criteria 
and did not carry the CADASIL “affected” alleles with 
all analyzed markers on linkage analysis. Two possible 
explanations exist to explain this finding, including (a) 
all the patients with FHM including Patient V5 have a 
disorder due to an abnormality of the CADASIL gene 
but Patient V5 is a double recombinant; or (b) Patient 
V5 does not have an abnormal CADASIL gene, her 
MRI is normal, and the FHM is a phenocopy, that is, 
due to another mechanism. This question in relation 
to V5 and the question of the existence of an allelism 
of chromosome 19 FHM gene and the CADASIL gene 
will only be resolved when the gene for CADASIL is 
identified. Although linkage of FHM to chromosome 
19 was first noted by Joutel and colleagues in two fami- 
lies 1131 and confirmed in three families by Dutch au- 
thors [22), two FHM families in the latter study failed 
to demonstrate such linkage. If one accepts that FHM 
is part of the phenotype of CADASIL, then it is clear 
that the gene may be expressed before the age of 10 
years. It is recognized that CADASIL may present as 
migraine either without (Patient IV8) or with aura (Pa- 
tient V6) and in two families CADASIL subjects had 
migraine as a predominant presenting feature [ 1 1, 121. 

Given that there is no diagnostic test for migraine, 
the diagnosis of FHM, using recognized criteria, de- 
pends on the clinical history with symptoms and signs 
of a hemiplegia and a positive family history [14] .  
There have been reports of associated neurological 
deficits in families with FHM including a progressive 
cerebellar disorder and essential tremor [2 31, but the 
association of CADASIL and FHM has not been de- 
scribed. 

M R I  and the Pathology of CADASIL 
There is only one full neuropathological study of a 
patient who died with CADASIL [8], a member of 
the family described previously [5]. The most striking 
change noted was a concentric thickening of the vessel 
wall of small arteries penetrating the white matter, as- 
sociated with an extensive granular eosinophilic de- 
posit in the media and a reduplication of the internal 
elastic lamella. There were multiple small deep infarcts 
and diffuse myelin loss. Stains for amyloid were nega- 
tive and a mitochondria1 disorder had been excluded 
by DNA, muscle histology, and biochemical studies. 
I t  is likely that the diffuse changes on proton density 
and T2-weighted images represent myelin loss. Within 
the high signal areas in the scan of 1 patient, low-signal 
foci on T1 energies consistent with necrosis were seen; 
it is probable that these foci represent lacunar or small 
cystic infarcts. The MRI appearance of CADASIL is 
not in itself diagnostic of the disorder and only be- 
comes so in the context of an appropriate family his- 
tory and when other causes of small-vessel disease have 
been discounted, as discussed above. 
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