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ABSTRACT

BACKGROUND AND PURPOSE: Williams syndrome, a rare genetic disorder with a striking neurobehavioral profile characterized by
extreme sociability and impaired visuospatial construction abilities, is caused by a hemideletion that includes the elastin gene, resulting in
frequent supravavular aortic stenosis and other stenotic arterial lesions. Strokes have been reported in Williams syndrome. Although the
extracranial carotid artery has been studied in a sample of patients with Williams syndrome, proximal intracranial arteries have not.

MATERIALS AND METHODS: Using MRA, we studied the intracranial vessels in 27 participants: 14 patients with Williams syndrome (age
range, 18—44 years; mean age, 27.3 = 9.1, 43% women) and 13 healthy control participants with similar age and sex distribution (age range,
22-52 years; mean age, 33.4 £ 7.6; 46% women). All participants with Williams syndrome had hemideletions of the elastin gene. Blinded to
group allocation or to any other clinical data, a neuroradiologist determined the presence of intracranial vascular changes in the 2 groups.

RESULTS: The Williams syndrome group and the healthy control group had similar patency of the proximal intracranial arteries, including
the internal carotid and vertebral arteries; basilar artery; and stem and proximal branches of the anterior cerebral artery, MCA, and
posterior cerebral arteries. The postcommunicating segment of the anterior cerebral artery was longer in the Williams syndrome group.

CONCLUSIONS: Despite the elastin haploinsufficiency, the proximal intracranial arteries in Williams syndrome preserve normal patency.

ABBREVIATIONS: ACA = anterior cerebral artery; SVAS = supravalvular aortic stenosis; SVPS = supravalvular pulmonic stenosis

illiams syndrome (On-line Mendelian Inheritance in Man
Wnumber, 194050) is a multisystem disorder characterized
neurologically by remarkable hypersociability along with a dis-
tinct deficit in visuospatial construction abilities.'” Intellectual
ability ranges from average for the general population to severe
disability, with most people performing in the borderline to mod-
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erate range.” With an estimated prevalence of 1 in 7500 live
births,* Williams syndrome results from a hemizygous contigu-
ous microdeletion on chromosome 7. The missing band, an ap-
proximately 1.6-megabase span at 7q11.23, codes for more than
20 proteins, including elastin.”

As a major component of distensible tissues such as the skin,
lungs, and vascular walls, elastin plays an important role in normal
physiologic functioning.® Elastin deficiency results in fibroblast pro-
liferation in arterial walls,”® leading to altered mural elasticity and
macrostructural deformities, best described for the great arteries and
heart.”'® The reported prevalence of cardiovascular structural ab-
normalities in Williams syndrome hovers at approximately 75%
(70%—82%)."""*> Supravavular aortic stenosis (SVAS) and periph-
eral pulmonary artery stenosis are the most common cardiovascular
deformities.""'* Arterial narrowing may be isolated or may occur
simultaneously in numerous locations, including the aortic arch; the
descending aorta; and the pulmonary, coronary, renal, and mesen-
teric arteries.” Aneurysmal dilation may occur after stent placement
or other procedures to correct the stenotic lesions,"> or may rarely
manifest spontaneously, particularly in adults.*

A widespread misunderstanding, derived from the distribu-

tion of arterial involvement in giant-cell arteritis,'” holds that the



intracranial arteries do not have elastic layers in their walls. In
reality, although the external elastic lamina, between the media
and adventitia, is lost a few millimeters after the large arteries
perforate the dura to enter the cranial cavity, the internal elastic
lamina, in the media, is present. Therefore, the elastin gene hemi-
deletion in Williams syndrome could be associated with arterial
stenosis or dilation and compromised hemodynamic func-
tion.'”'® However, only a few case reports have documented cere-
brovascular disease in Williams syndrome. They include sponta-
neous dissection of the internal carotid artery, leading to an MCA
infarction, in an adult'®; 3 patients with striatocapsular infarc-
tions: an adult® and a child*' with clean cerebral vessels on an-
giography, and a child with stenosis of the supraclinoid carotid
and M1 segment of the MCA*?; and narrowing of proximal intra-
cranial arteries in 3 children and a young adult with multiple
cerebral infarcts.”>° In addition, an adult had a cardiogenic
stroke after a myocardial infarction.?® Finally, intracerebral hem-
orrhages, possibly resulting from aneurysmal arteriolar thinning,
have been documented in 2 cases.”””*® The extracranial carotid
arteries have been studied in Williams syndrome with sonography
and have been found to lack stenotic or aneurysmatic lesions but
have been found to have increased media thickness.”” However,
although the potential for intracranial cerebral arterial abnormal-
ities in Williams syndrome would constitute a substantial clinical
risk factor, the proximal intracranial arterial tree has not been
studied systematically in this disorder by use of a prospective de-
sign in a population without acute symptoms. To address this gap
in knowledge, we used MRA to determine the prevalence of
anomalies of the proximal intracranial arterial tree in adults with
Williams syndrome.

MATERIALS AND METHODS

Participant Selection and Genetic Testing

Study procedures were approved by the CNS Institutional Review
Board of the National Institutes of Health. Participants gave writ-
ten consent after being informed of the nature and purposes of the
study. Fourteen normal-IQ white adults with Williams syndrome
gave written consent to participate after being informed of the
nature and purposes of the research and were enrolled in the
study. All of the participants in this group exhibited the physical
features and cognitive profile typical of Williams syndrome, were
in good physical health, and did not take any psychotropic med-
ication. Genetic testing had been performed by use of fluorescent
in situ hybridization according to standard procedures.”® Thir-
teen of these participants had the classic 1.6-megabase hemidele-
tion in 7q11.23," and 1 participant had a shorter hemideletion
that included the gene coding for elastin. The MR imaging data
from 13 healthy control participants, who were not receiving
medications, were used for comparison. The control participants
were recruited by advertisement and were matched for sex, age,
and IQ to the group with Williams syndrome. All study partici-
pants were right-handed.

History and Examination

The participants and their parents provided histories of medical
and psychiatric diagnoses and treatments, which were supple-
mented with medical record review. Each participant also under-

went physical and neurologic examination on entry into the
study.

Image Acquisition

MR imaging was performed on a Signa 1.5T scanner (GE Health-
care, Milwaukee, Wisconsin) at the National Institutes of Health
Nuclear Magnetic Resonance Research Center, by use of a stan-
dard head coil. Six TIWIs (TR, 12 ms; TE, 5.2 ms; FOV, 24 mm;
resolution, 0.94 X 0.94 X 1.2 mm) were registered and averaged
to create a high-resolution structural image for each participant.
The major intracranial arteries were imaged by 3D time-of-flight
MRA, with the following parameters: field of view, 22 cm; TR, 35
ms; TE, 3.4 ms; flip angle, 20°% section thickness, 1.4 mm; and
acquisition time, 6 minutes.

Image Analysis

Images were processed from DICOM format on an Advantage
Workstation (AW 4.1; GE Healthcare). Brain MR images were
reformatted into double-oblique views to permit analysis of the
cerebral midline. Vessels in the circle of Willis were partitioned
from the rest of the MRA to increase signal-to-noise ratio. The
arteries evaluated included the intracranial portion of the internal
carotid and vertebral arteries; basilar artery; and stem and proxi-
mal branches of the anterior cerebral, middle cerebral, and pos-
terior cerebral arteries. A neuroradiologist (J.A.B.) with expertise
in the interpretation of high-resolution MR imaging and MRA
performed qualitative analyses of the images, by using maximum-
intensity projection reconstructions. He was blinded to the name,
sex, genetic/diagnostic status, physical appearance, and cognitive
performance of the participants. Any vascular abnormalities, in-
cluding stenosis and vasospasm, as well as vascular variants were
recorded.

Statistical Analyses

We did not make any assumptions as to the direction of the
findings and therefore used 2-tailed statistics. Nominal data
were analyzed with the Fisher exact test; age was analyzed with
the Student ¢ test. Correlations were explored with the non-
parametric Spearman correlation.

RESULTS

Demographics

Age and sex of the participants were similar in the Williams
syndrome and control groups. The average age of the 14 par-
ticipants with Williams syndrome was 27.3 * 9.1 years, com-
pared with 33.4 & 7.6 years for the 13 participants in the con-
trol group (P = .11). Each group included 6 women (P = .58).

Medical Histories

Medical findings in participants with Williams syndrome are de-
tailed in Table 1. A total of 12 (86%) had a history of at least 1
cardiovascular illness. SVAS was present in 9 (64%) and suprava-
vular pulmonic stenosis (SVPS) in 3 (21%). Mitral valve ab-
normalities were recorded in 3 (21%). Four participants (29%)
had histories of hypertension. Gastrointestinal tract difficul-
ties, presentin 11 (79%) participants with Williams syndrome,
included hernias, constipation, diverticular disease, and rectal
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Table 1: Medical findings in participants with Williams syndrome

Blood Pressure

Age Pulse (mm Hg)
Participant  (y) (bpm) Systolic Diastolic Medical History Cardiovascular History

1 18 84 130 90 Inguinal hernia Hypertension

2 18 Not available Hypercalcemia, joint limitation SVAS

3 18 72 90 70 Chronic otitis media, hip subluxation, ~ Ventricular septal defect, SVPS, prolonged
kyphosis, constipation Q-Tinterval

4 19 64 110 80 Constipation Negative

5 22 64 130 80 Chronic otitis media, scoliosis, rectal Mitral valve prolapse, hypertension
prolapse, constipation

6 22 Not available Left conductive hearing loss, chronic ~ SVAS, mitral valve prolapse
otitis media, joint limitation

7 23 64 120 60 Inguinal hernia, umbilical hernia, joint ~ SVAS, SVPS, mitral valve prolapse
impairment

8 24 80 130 80 Chronic otitis media, inguinal hernia, SVAS, peripheral pulmonary stenosis,
joint impairment hypertension

9 29 72 120 92 Hypercalcemia SVAS

10 30 76 120 70 Inguinal hernia SVAS, SVPS

1 33 68 165 100 Constipation, inguinal hernia SVAS, hypertension, renal artery stenosis

12 37 100 110 70 Diverticulitis, constipation SVAS, carotid bruit

13 44 62 120 91 Hypercalcemia, kyphosis, chronic SVAS
abdominal pain, constipation

14 45 96 130 85 Diverticulitis No history of hypertension

FIGURE. Anterior cerebral artery configuration in Williams syndrome. MRA from a normally developing person (A) and a participant with
Williams syndrome (B) showing elongation of the postcommunicating segment of the anterior cerebral artery in the participant with Williams
syndrome.

prolapse. Other than the cognitive changes reported else-

?! the most common neurologic abnormalities were

where,
clumsy or uncoordinated gait (79%) and poor cerebellar func-

tion (71%).

Imaging Findings
MR imaging and MRA findings are listed in the On-line Table.

Structural MR Images

There was a tendency toward a higher prevalence of atypical gross
structural findings in the brains of the Williams syndrome group.
Eight participants with Williams syndrome vs 4 control partici-
pants had at least 1 morphologic anomaly (P = .252). The most
frequently noted neuroanatomic finding was a small or unusu-
ally shaped corpus callosum, which was present in 6 members
of the Williams syndrome group and in 2 of the control par-
ticpants (P = .209). In 5 of the participants with Williams
syndrome who had callosal anomalies, the irregularity was in
the anterior portion (rostrum or genu) of the corpus callosum.
Other findings in the Williams syndrome group were de-
scended cerebellar tonsils and a thickened calvarium. Two
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control participants were thought to have small-appearing cer-
ebellar hemispheres.

MRA

Most importantly, there were no stenoses or other hemodynam-
ically significant lesions in either group. Enlarged collaterals were
not noted. However, incidental anomalies on MRA were signifi-
cantly more frequent in the Williams syndrome group. The Figure
depicts a specific variation in the course of the anterior cerebral
artery (ACA) that was noted only in members of the Williams
syndrome group. Typically, the A2 postcommunicating segment
of the ACA courses horizontally and then ascends along the genu
of the corpus callosum before dividing into the callosomarginal
and pericallosal arteries. In 6 of the participants with Williams
syndrome, but in none of the matched control participants (P =
.016), A2 deviated inferiorly before turning toward the callosal
genu. No correlation was observed between this ACA variant and
the presence of either hypertension or SVAS-SVPS. The other
MRA findings in participants with Williams syndrome and in the
control group are listed in the On-line Table.



Table 2: Prevalence of medical conditions in patients with Williams syndrome

Williams syndrome population with no

Study presenting neurologic complaints.
Wint et al® (n = 14) AAP® (n = 315) Cherniske et al (n = 20) Careful qualitative analysis of MRA
Medical Condition - % % % for each participant revealed no lesions of
Coreliowmaauler 2 86 80 70 hemodynamic significance in the large in-
SVAS 9 64 75 65 tracranial arteries, an important negative
SVPS 3 21 25 15 finding in a population that, by virtue of
Peripheral pulmonary stenosis 1 7 50 - cardiovascular anomalies and hyperten-
2)/‘;::: valve prolapse 3] 271 : 312 sion, could be at elevated risk for stroke.
Hypertension 4 29 50 60 Although only approximately 12 cases of
Gastrointestinal mn 79 - 75 stroke in patients with Williams syn-
Inguinal hernia 5 36 40 - drome have been reported in the litera-
Constipation 7 >0 40 25 ture, the true incidence of stroke in this
E;\g;il:g;s;seease 3] 271 3](; 48 population is unknown.’* Our findings
Neurologic suggest that most large-artery strokes in
Hyperreflexia 7 50 75 65 Williams syndrome may be related to
Gait disturbance mn 79 60 70 mechanisms other than significant intra-
Ataxia 10 /1 - - cranial arterial involvement. A subset of
Skesl:itna;l 2 4231 Zg 6?) recorded strokes may be attributable to
Peripheral 5 36 50 55 cardiac or aortic risk factors, which are
Chronic otitis 4 29 50 - present in a high proportion of people

Note:—This is a comparison of the prevalence of medical problems in this study’s participants with those reported
in 2 large studies of Williams syndrome. The number of participants with each condition is listed in the leftmost

column.

?Present study.

b American Academy of Pediatrics, 200132
€ Cherniske et al, 2004.>

DISCUSSION

In this first systematic study of cerebral vasculature in patients
with Williams syndrome, we have documented that, except for a
minor difference in the anatomic configuration of the ACA, the
major intracranial arteries in Williams syndrome were similar to
those of matched healthy control participants. Because the reso-
lution of MRA does not allow analysis of submillimeter arterial
vessels, such as those that penetrate the cerebral cortex, a possi-
bility still remains that elastin deficiency could affect the patency
of those arteries. A strength of our study was that it included
adults with Williams syndrome, rather than children, allowing us
to explore the end result of possible developmental changes dur-
ing childhood and adolescence. However, it is important to stress
that our study was cross-sectional; it did not allow us to predict
arterial changes in later adulthood. It could be argued that our
sample was skewed, because it included only adults with a normal
IQ. However, the cardiovascular findings in our sample (Table 1)
are essentially indistinguishable from those of the general Wil-
liams syndrome population (Table 2)."''* The relatively small
incidence of peripheral pulmonary stenosis in our sample of adult
patients with Williams syndrome reflects that peripheral pulmo-
nary artery stenosis is often present in infancy and usually im-
proves with time.”* Therefore, peripheral pulmonary artery ste-
nosis is less frequent in our sample of adults than in the much
younger sample from the American Academy of Pediatrics (Table
2). Furthermore, the prevalence of various medical illnesses in our
participants is comparable to the corresponding prevalence re-
ported in previous studies of children and adults with Williams
syndrome that included the full range of intellectual ability asso-
ciated with this syndrome (Table 2),’>* suggesting that the cere-
brovascular findings in our study may be generalized to the wider

with Williams syndrome and were docu-
mented in some instances of stroke in this
syndrome.>® The association with ex-
tracranial disorder is likely to occur in
cases where no cerebrovascular abnor-
malities were detected by angiogra-
phy.>>*! Even in the few stroke cases in which stenotic lesions

were documented in the major intracranial vessels,”***

the pos-
sibility of embolism with recanalization cannot be completely
ruled out. In some patients, stroke onset was clearly timed to
surgical procedures for the correction of aortic disease.>” Further-
more, the presence of small distal microinfarcts in the brain of a
person with Williams syndrome studied at autopsy suggests that
cardioarterial disease in this population may predispose to em-
bolic infarction.>®

Although by using MRA we did not detect hemodynamically
significant lesions in our participants with Williams syndrome,
we encountered an atypical ACA morphologic feature that was
common and specific to Williams syndrome. The usual course of
the subgenual ACA was altered in 6 members of the Williams
syndrome group by an inferiorly directed “loop” of A2 just prox-
imal to the upward turn of the ACA (Figure). The unusual mor-
phologic pattern of A2 may be a result of the same mechanism
that is thought to cause SVAS and SVPS, namely, focal overpro-
liferation of the arterial laminar cells. In the case of the ACA,
excessive growth would necessarily impel a downward extension.
It is also possible that the ACA develops normally, but A2 is dis-
placed inferiorly because the ACA is “too long” for the unusually
short and flat cerebrum and callosum that have been observed in
this and other studies of Williams syndrome.>®

CONCLUSIONS

In summary, by using MRA we did not detect stenoses or other
hemodynamically significant lesions of the proximal intracranial
arteries in Williams syndrome, attended by elastin deficiency and
stenotic lesions in other arteries. However, most of the partici-
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pants with Williams syndrome and, therefore, elastin haploinsuf-
ficiency had unusual cerebrovascular morphologic features. Most
of the characteristics involved an elongation of the postcommis-
sural segment of the ACA.
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