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Williams syndrome (WS), also referred to as Williams-
Beuren syndrome (Online Mendelian Inheritance in 

Man 194050), is a congenital, multisystem disorder involv-
ing the cardiovascular, connective tissue, and central nervous 
systems.1 WS occurs in ≈1 in 10 000 live births2 as a result 
of the de novo deletion of ≈1.55 to 1.83 Mb on chromosome 
7q11.23.3 Familial cases can occur but are far less common 
than de novo cases.4 The deletion involves 26 to 28 genes, 
including the ELN gene, which codes for the protein elastin.5 
Hemizygosity of the ELN gene coding for elastin has been 
demonstrated to be responsible for the vascular pathology in 
WS.6 The remaining 25 to 27 deleted genes contribute to the 
phenotypic findings in patients with WS and have recently 
been reviewed in detail elsewhere.5

In 1961, Williams et al7 reported their experience with 4 
patients with supravalvar aortic stenosis (SVAS), mental 
retardation, and abnormal facial features. The following year, 
Beuren and colleagues8 reported similar findings in 5 patients, 
and they subsequently reported detailed cardiac and angio-
graphic data from 10 such patients.9 Their findings, combined 
with other characteristic features, led both groups to theorize 
that a previously unrecognized syndrome was the likely origin, 
a theory that led to the eponym Williams-Beuren syndrome.

Diagnosis
After the reports of Williams et al7 and Beuren et al8 were pub-
lished, the basis for the diagnosis of WS was the presence of a 
constellation of distinctive phenotypic characteristics. Genetic 
analysis at that time was limited essentially to karyotyping and 
microscopic inspection of individual chromosomes, which 
Beuren et al9 reported in 3 of their patients. With improved 
molecular genetics diagnostic techniques, Ewart et al10 used 
fluorescent in situ hybridization to demonstrate hemizygosity 
of the ELN locus in patients with WS. This method is now the 
standard for establishing the diagnosis of WS (Figure 1).

Clinical Manifestations
As a result of the size of the deletion in WS, the phenotypic 
features seen commonly are numerous, and a complete dis-
cussion of them is beyond the scope of this article. However, 
several classic features are worthwhile noting.

Before the reports of Williams et al7 and Beuren et al,8 
several authors had reported on hypercalcemia, mental retar-
dation, and failure to thrive in small groups of patients with elf-
like facial features.11 This gave rise to the moniker “elfin facies 

syndrome”, by which WS was referred. Careful examination 
of the facial features of 2 patients reported by Bongiovanni et 
al12 is consistent with the diagnosis of WS. The constellation 
of facial features often seen in WS includes a broad forehead; 
periorbital fullness; a stellate pattern of the irises; a flattened 
nasal bridge with an upturned nose; a long philtrum with a 
wide mouth and full lips; high, rounded cheeks; and a pointed 
chin (Figure 2).

In addition to typical facial features, patients with WS have 
a characteristic ebullient personality profile that is classically 
referred to as the cocktail personality. Patients with WS are 
hypersocial and garrulous and have a relative verbal strength 
that belies a mean IQ of 50 to 60.13 Although their verbal com-
munication skills are relatively strong, 50% to 90% of patients 
meet diagnostic criteria for anxiety disorder, attention deficit–
hyperactivity disorder, or phobic disorder.5

Hypercalcemia, which was a prominent feature in the report 
of Bongiovanni et al,11 has been reported to occur in up to 50% 
of patients with WS.14 This finding is most commonly seen in 
infancy and typically resolves during childhood.12

Cardiovascular Features of Williams Syndrome
Cardiovascular defects are the most common cause of death 
in patients with WS.5 Structural cardiovascular abnormalities 
occur in ≈80% of all WS patients15 and are present in up to 93% 
of WS patients presenting in the first year of life.16 Although a 
number of cardiovascular abnormalities are common to WS, 
the majority consist of some form of arterial stenosis.15

Pathophysiology of Arterial Stenoses
Elastin constitutes ≈50% of the dry weight of the normal 
aorta17 and is the product of extensively cross-linked tropo-
elastin monomers. Elastin is characterized by a high degree 
of reversible distensibility, including the ability to deform 
significantly with small forces.18 In the arterial system, this 
characteristic allows the storage of energy in the form of arte-
rial distension during systole and the subsequent release of the 
stored energy via vascular recoil during diastole, a principle 
known as the Windkessel effect, which greatly improves the 
efficiency of the cardiovascular system.19

In the arterial tree, smooth muscle cells produce the 
large majority of elastin, with some also being produced by 
endothelial cells and adventitial fibroblasts.18 Elastin polymers 
form elastic fibers that are arranged into concentric rings of 
elastic lamellae around the arterial lumen. Each elastic lamella 
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alternates with a ring of smooth muscle, forming a lamellar 
unit.20 The elastic lamellae allow an artery to respond to 
the increased hemodynamic stress of cardiac systole and to 
maintain sufficient blood pressure during diastole.21 Patients 
with WS and with hemizygosity of ELN lack the elasticity of 
the arterial tree provided by normal elastin and thereby have 
increased arterial stiffness.22

Elastin also serves to regulate phenotypic modulation, pro-
liferation, and migration of vascular smooth muscle cells. In 
the absence of elastin, pervasive subendothelial migration and 
proliferation of vascular smooth muscle cells occur, resulting 
in occlusion of the vascular lumen.23 Murine models of ELN 
haploinsufficiency display marked arterial medial hypertrophy 

and subsequent arteriopathy,24 findings that are strikingly sim-
ilar to those found in patients with WS25 (Figure 3).

Supravalvar Aortic Stenosis
SVAS was the cardiovascular lesion first reported by Wil-
liams et al7 and has been found to be the most common car-
diovascular abnormality.15 The incidence of SVAS has been 
reported to be 45% to 75% in patients with WS.12,15,29,30 Two 
types of SVAS are typically seen in patients with WS: a dis-
crete, hourglass narrowing at the sinotubular junction or a 
diffuse, long-segment stenosis of the ascending aorta31 (Fig-
ure 4). The hourglass type of SVAS is the more common of the 
two,33,34 occurring in ≈75% of children.35 The diffuse type of 
SVAS often is associated with stenoses of the brachiocephalic 
vessels.35,36

The natural history of SVAS in WS depends on the severity 
of the lesion at presentation or follow-up.15 Historically, 
SVAS in patients with WS has been thought to tend to 
progress, but this expected observation, as demonstrated in 
Table 1, is not in keeping with the majority of publications. 
Review of the reports that led to the expectation of 
progression of SVAS casts doubt on the accuracy of the 
conclusion. Giddins and colleagues37 first reported that 
SVAS might be progressive in a cohort of 10 patients with 
WS in 1989. Significant sampling bias was introduced in 
that only those patients with SVAS of a severity to warrant 
at least 2 cardiac catheterizations were included. In a 
cohort of 32 patients with SVAS, Eronen and colleagues30 
reported that SVAS tended to progress, a conclusion based 
on the observation that 3 patients <1 year of age underwent 
SVAS intervention compared with 7 patients 1 to 15 years 
of age who underwent SVAS intervention. In an incomplete 
follow-up sample, Kececioglu et al31 reported progression 
of SVAS severity in 11 of 21 patients. Kim and colleagues41 
also reported progression of SVAS severity; however, 
the study was cross-sectional, not longitudinal, and the 
conclusion was based on the finding that the severity of 

Figure 1. Laboratory diagnosis of Williams syndrome. Fluorescence in situ hybridization (A) demonstrates 1 normal chromosome 7 with 2 
hybridization signals. The presence of the elastin gene (ELN) is marked by a red fluorescence signal (red arrow). The second chromosome 
7 shows no evidence of ELN. The green fluorescing signals on each chromosome 7 are control genes (green arrows). A schematic of 
chromosome 7 (B) from an Agilent 244K microarray demonstrates a cluster of green hybridization consistent with a loss of ≈1.5 Mb from 
the Williams syndrome critical region (WSCR). Reprinted from Pober 5 with permission from the publisher. Copyright © 2010, Massachu-
setts Medical Society.

Figure 2. Facial characteristics of Williams syndrome. This 
photograph of a boy with Williams syndrome demonstrates a 
number of the typical facial features, including a broad forehead, 
mild periorbital fullness, stellate irises, an upturned nose, a long 
philtrum, full lips, a small chin, and prominent cheeks. (Informed 
consent has been obtained from the patient’s legally authorized 
representative to publish identifying details.)
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SVAS was greater in the older patients than in the younger 
patients (R=0.32). Thus, these studies include significant 
methodological issues that limit their scientific validity, 
and they are not in keeping with the majority of studies. 
Therefore, although SVAS severity can progress, especially 
in patients with a moderate or severe degrees of stenosis, it 
remains stable in the majority of patients.

Findings Associated With SVAS
Although SVAS can occur in isolation, it is frequently associ-
ated with other cardiovascular lesions. Brown and colleagues42 
reported ≥1 associated congenital cardiac abnormalities in 
75% of patients with SVAS. In their report of 242 patients 
with WS who had undergone cardiac catheterization or sur-
gery, Pham et al43 reported that SVAS was associated with 

pulmonary artery stenoses or aortic arch abnormalities in 58% 
of children. Coronary artery abnormalities, whether ostial ste-
nosis or arterial dilation, are seen in up to 45% of patients with 
SVAS15,34,41 and likely contribute to sudden death in patients 
with WS.44 Aortic valve abnormalities are also seen regularly 
in the setting of SVAS. These lesions are addressed separately.

Pulmonary Arterial Stenosis
Pulmonary artery stenosis (PAS) is the second most common 
cardiovascular abnormality in WS.15 The incidence of PAS in 
WS depends on the age at the time of presentation; PAS is 
more common in patients in the first year of life than at older 
ages.16 The reported range of incidence of PAS in WS is 37% 
to 75%, with the majority of studies reporting an incidence of 
≈40%.15,30,33,45

The stenoses seen in the pulmonary arterial bed most 
commonly occur in the branch and peripheral pulmonary 
arteries. Although discrete stenosis can be seen, diffuse 
stenoses involving large segments of the pulmonary arterial 
tree are frequently encountered46 (Figure  5). Supravalvar 
pulmonary stenosis is also seen but is less common, occurring 
in ≈12% of all patients with WS15 and 20% of those presenting 
in the first year of life.16

The natural history of PAS in WS is one of improvement, 
which has been described in multiple studies.16,37,38 This nat-
ural history is likely related to the change in arterial medial 
tension that occurs in the postnatal period. Pulmonary arte-
rial concentrations of elastin normally decrease in the first 
few months of life, at a time when pulmonary vascular resis-
tance is normalizing.17 Theoretically, the decrease in pulmo-
nary arterial pressure lessens the arterial medial tension in 
the pulmonary arteries, decreasing the role of elastin. As a 
result, there is improvement in the arterial stenoses as the 
patient grows.

Figure 4. Supravalvar aortic stenosis. A, An anterior–posterior 
projection angiogram demonstrates a severe, discrete stenosis 
of the aorta at the level of the sinotubular junction. The ascend-
ing aorta above the sinotubular junction is normal in caliber, 
consistent with the classic hourglass form of supravalvar aortic 
stenosis. Reprinted from Stone et al32 with permission from the 
publisher. Copyright © 2012, Elsevier B, A lateral projection 
angiogram demonstrates moderate supravalvar aortic stenosis 
with diffuse, long-segment involvement of the entire thoracic 
aorta. Stenosis of the aortic arch vessels is present.

Figure 3. Arterial abnormalities in elastin deficiency. Photomicrographs of transverse sections of the ascending aorta stained with Movat 
pentachrome from a healthy 2-year-old child (A) and a 2-year-old child with Williams syndrome (B) demonstrate an increased arterial 
wall diameter resulting from medial hypertrophy. Increased magnification of the tunica media of the aorta reveals parallel elastic lamellae 
separated by single layers of smooth muscle cells in a healthy 2-year-old child (C). Similarly, increased magnification of the medial (D) 
and neointimal (E) layers of a stenotic region of the aorta in a 2-year-old patient with Williams syndrome reveals disorganization of the 
tunica media with multiple clusters of smooth muscle cells separated by thin, fragmented elastic fibers (D) and intimal thickening of the 
aorta composed by numerous smooth muscle cells surrounded by elastin-poor extracellular matrix (E). Reprinted from Urbán et al26 with 
permission from the publisher. Copyright © 2002, Elsevier. Knockout mouse models of ELN deficiency demonstrate significant aortic 
medial hypertrophy (G) compared with controls (F). From Hirano E, Knutsen RH, Sugitani H, Ciliberto CH, Mecham RP. Functional rescue 
of elastin insufficiency in mice by the human elastin gene. Circ Res. 2007;101:523-531.27 A homozygous knockout mouse model for ELN 
deletion reveals neonatal obstructive disease in the aorta (I) compared with a control (H). Reprinted from Li et al28 with permission from 
the publisher. Copyright © 1998, Macmillan Publishers Ltd. 
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Coronary Artery Abnormalities in SVAS
Coronary artery abnormalities are often associated with 
congenital SVAS.47 Some investigators have recommended 
that every patient with SVAS should be considered at risk 
for myocardial ischemia.48 Coronary artery involvement 
in patients with WS may manifest as coronary ostial ste-
nosis, diffuse coronary artery stenosis, coronary artery 
dilation, or obstruction to coronary artery inflow by the 
aortic valve, the sinotubular ridge, or a combination of 
both (Figure 6).

In recent medical literature, coronary ostial stenosis is the 
most commonly reported coronary abnormality, occurring in 
≈5% of all patients with WS15 and 9% of those presenting in 
the first year of life.16 However, these estimates are likely to 
be below the true prevalence because the majority of patients 
in those studies did not have evaluations of the coronary 
arteries, by either imaging or inspection at surgery. Stamm et 
al34 reported a prevalence of coronary ostial stenosis of 45% 
in their surgical series of patients with SVAS. Ostial stenosis 
is more frequent in patients with WS and severe vascular 
disease41; in those patients with stenosis of the thoracic aorta 
(STA), coronary ostial stenosis had a prevalence of ≈19%.40 
The diagnosis of coronary ostial stenosis is difficult to make 
and is usually made only at the time of cardiac catheterization 
or surgery when a coronary probe cannot be passed easily into 
the coronary artery. The increasing use of cardiac magnetic 
resonance imaging and cardiac computed tomography will 
likely increase the likelihood of the diagnosis of coronary 
ostial stenosis, leading to a higher true prevalence than 
previously reported.

The pathophysiology of coronary ostial stenosis can be 
complex. Inflow to the coronary arteries can be restricted by 

adhesion of the aortic leaflet edge to the narrowed sinotubular 
junction.48 The coronary ostia may also become narrowed by 
the overhanging, stenosing SVAS ring,50 resulting in reduced 
diastolic coronary arterial flow.45 Alternatively, high pressure 
proximal to the SVAS is transmitted to the coronary arteries 
and may result in severe dysplasia and narrowing of these 
arteries.51

Dilated and tortuous coronary arteries are seen commonly 
in patients with SVAS.52–54 Numerous investigators have 
reported that dilation of the coronary arteries is seen more fre-
quently than stenosis.41,55–57 van Son and colleagues50 reported 
that coronary ostial stenosis was more common than dilation 
in the left coronary artery, whereas dilation was more common 
than stenosis in the right coronary artery. Furthermore, Kim et 
al41 reported that in those patients with the hourglass type of 
SVAS, 80% had coronary arterial dilation, whereas those with 
long-segment stenosis demonstrated coronary ostial stenosis. 
Marked dilation and aneurysm of the coronary arteries can be 
seen,58 with the lumen of the proximal coronary artery being 
as large as the aorta itself.59

The pathophysiology of coronary arterial dilation has been 
suggested to be the result of the increased pressure and tur-
bulence to which the coronary arteries are subjected by left 
ventricular ejection into a small, noncompliant chamber57 
(Figure 6B).

Other Systemic Arterial Stenoses
It has become increasingly clear that the elastin haploin-
sufficiency in WS results in a systemic arteriopathy.48 This 
systemic arteriopathy manifests at sites other than the supra-
valvar aortic region and the pulmonary vascular bed in ≈20% 

Table 1.  Long-Term Outcome of SVAS in Williams Syndrome

Author (Year) Patients With SVAS, n Follow-Up, y SVAS Worsened, n (%) SVAS Stable, n (%) SVAS Improved, n (%)

Giddins et al37 (1989) 7 6.7 6 (86) 1 (14) …

Wren et al38 (1990) 9 … 7 (78) 2 (22) …

Zalzstein et al33 (1991) 35 7.1 13 (37) 22 (63) …

Kececioglu et al31 (1993) 21 11 11 (52) 9 (43) 1 (5)

Wessel et al39 (1994) 45 12.9 13 (29) 32 (71) …

Wang et al39a (1999) 15 6 2 (13) 10 (67) 3 (20)

Collins et al40 (2010) 121 8.9 12 (10) 93 (77) 16 (13)

Total 253 … 64 (25) 169 (67) 20 (8)

SVAS indicates supravalvar aortic stenosis.

Figure 5. Peripheral pulmonary arterial 
stenosis. A, An anterior-posterior projec-
tion angiogram demonstrates severe 
stenosis of the right and left pulmonary 
arteries, with the left being more stenotic 
than the right. The distal pulmonary 
vascular bed also reveals severe, diffuse 
stenoses. B, Anterior-posterior and lateral 
(C) projection angiograms of a catheter in 
the right pulmonary artery demonstrate 
severe stenoses of the distal branch 
pulmonary arteries with a characteristic 
snowflake appearance of the pulmonary 
vascular bed.
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of patients.12 The most common site for these stenoses is the 
thoracic aorta.15

STA, sometimes referred to as middle aortic syndrome,39 
may include discrete coarctation at the aortic isthmus but 
also includes long-segment narrowing that may involve the 
aorta from the supravalvar region to the diaphragm and 
beyond, a finding first reported by Beuren et al9 (Figure 7). 
The frequency of STA is uncertain because the range of 
incidence from multiple studies is 2% to 70%.15,33,43,39,60,61 
About half of the patients with STA will have mild dis-
ease, whereas one quarter have moderate stenosis and the 
remaining one quarter have severe stenosis. The incidence 
of other systemic arterial stenoses is increased in patients 
with STA,15,40 indicating that STA is a marker for worsened 
generalized arteriopathy. Progression of STA can be seen in 
moderate and severe stenoses, with some patients demon-
strating rapid progression over short periods of time. These 
patients usually manifest progression within the first year 
of life.62,63

Renal artery stenosis (RAS) has been reported in 7% to 58% 
of patients with WS.12,15,61,64 RAS is usually found at the origin 
of the renal arteries. Rose et al61 demonstrated that isolated 
RAS is rare and is usually seen in combination with STA. In 
the presence of STA, RAS occurs in 16% of patients.40 Rose 
and colleagues12 demonstrated that ≈40% of patients with WS 
with systemic hypertension have RAS. Systemic hypertension 
is present in ≈50% of adult patients with WS.

Systemic arterial stenoses can be seen at other sites through-
out the arterial tree. The remaining most common sites are 
the neck and limbs, abdominal aorta, mesenteric arteries, and 
intracranial vessels.15

Other Structural Cardiac Abnormalities
Although arterial stenoses represent the large majority 
of cardiovascular abnormalities in patients with WS, a 
number of other structural cardiac abnormalities are seen 
with regularity. Ventricular septal defects are present in 
4% to 9% of all patients with WS15,45 and up to 21% of 
those presenting in the first year of life.16 The defects are 

muscular ventricular septal defects in 75% of children, 
with the remainder often being conoventricular (perimem-
branous).15,65 Ventricular septal defects in the setting of a 
complete atrioventricular canal defect66 and tetralogy of 
Fallot30,67,68 have been reported.

Aortic valve abnormalities have been described in surgi-
cal reports in up to 50% of cases of SVAS.48 Adhesion of 
the leaflets of the aortic valve to the sinotubular junction, 
which may result in myocardial ischemia as a result of the 
obstruction of coronary blood flow, is the most common 
aortic valve abnormality in patients with SVAS,69 occur-
ring in as many as half of patients.34 This fusion, or teth-
ering, of the aortic valve to the sinotubular junction has 
been reported in association with sudden cardiac death in 
patients with WS who had SVAS.70 The aortic valve may be 
thickened in up to 30% of patients with SVAS.59 Bicuspid 
aortic valve has been reported in 25% to 39% of patients 
with SVAS71,72 and in 5% to 12% of patients with WS.16,65

Mitral valve abnormalities are also common in patients 
with WS. Mitral valve prolapse is seen in 9% to 27% of 
patients45,65,67,73 and is mild in 85% of them. Mitral regurgita-
tion also occurs in ≈15% of patients and is mild in 80% of 
them.73

In contrast to mitral valve involvement, the tricuspid valve is 
seldom reported to be involved in patients with WS.74 Ebstein 
anomaly of the tricuspid valve has been reported rarely.75–77

Sudden Cardiac Death
Sudden cardiac death in a patient with WS was first reported 
by Rashkind et al.78 The risk of sudden cardiac death is 25 
to 100 times greater than that in the general population.44,79 
The reason of this increased risk of sudden death is not 
completely understood. A large number of cardiovascular 
collapses and deaths in patients with WS have been in the 
periprocedural and perianesthetic setting.80 The risk of sud-
den cardiovascular collapse appears to be greater in the pres-
ence of bilateral outflow tract obstruction,43 especially with 
coronary arterial stenosis.44 However, sudden death has been 
reported in the absence of autopsy evidence of outflow tract 
or coronary obstruction.43,81 More recently, prolongation of 

Figure 6. Coronary artery abnormalities. A, An anterior-posterior 
angiogram demonstrates severe stenosis of the origin of the 
left main coronary artery (white arrowhead), diffusely narrowed 
coronary arteries, and severe stenosis of a branch of the left 
circumflex coronary artery (white arrow). B, A lateral projection 
angiogram demonstrates severe, long-segment supravalvar 
aortic stenosis (black arrowhead) and marked dilation of the 
coronary arteries (black arrow). Reproduced from Salahuddin et 
al49 with permission from the publisher. Copyright © 2010, BMJ 
Publishing Group Ltd.

Figure 7. Stenosis of the thoracic aorta. A lateral projection 
angiogram demonstrates a normal ascending and transverse 
aorta with a long-segment stenosis of the thoracic aorta from the 
proximal descending aorta to the level of the diaphragm.
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the corrected QT interval (QTc) on ECG has been shown to 
be present in 13% of patients with WS and may contribute 
to the increased risk of sudden death.82 In addition, ventricu-
lar ectopic complexes and arrhythmias have been correlated 
with the presence of QTc prolongation in patients with WS, 
which may indicate a role for microvascular ischemia in the 
QTc prolongation.83

ECG Abnormalities
Patients with WS often undergo ECGs, but data on the find-
ings of ECGs in these patients are limited. In addition to the 
abnormalities of cardiac repolarization previously mentioned, 
ventricular hypertrophy is frequently seen. Right ventricu-
lar hypertrophy on ECG will be found in ≈60% of patients, 
whereas left ventricular hypertrophy on ECG is demonstrated 
in 40% of patients.84

Screening for Cardiovascular Abnormalities
Because cardiovascular abnormalities occur in 80% of 
patients with WS, detailed cardiovascular screening is impera-
tive.15 Once the diagnosis of WS is made, all patients should 
undergo an evaluation by a pediatric cardiologist.12 In addi-
tion to a thorough history and physical examination, the initial 
cardiologic evaluation should include an ECG and complete 
echocardiogram. If cardiovascular abnormalities are found, 
individualized follow-up should be dictated by the patient’s 
age and lesion severity. Because of the increased risk of 
ventricular ectopic complexes and arrhythmias, arrhythmia 
screening with 24-hour ambulatory ECG monitoring should 
be considered.83

Four-extremity blood pressure measurements should be 
obtained on every patient if possible.40 However, physiologi-
cal caveats must be considered in this special population. In 
those patients with SVAS, the Coanda effect, the tendency of 
a moving fluid to attach itself to a surface and move along 
it, often produces discrepant blood pressure measurements 
that may mimic STA or coarctation.85 Diffuse STA occurs in 
≈15% of patients with WS.40 Echocardiography may not dem-
onstrate the stenosis, but the physical examination typically 
reveals diminished pulses and blood pressures in the lower 
extremities.40 The aortic arterial branches, whether subcla-
vian, carotid, or femoral arteries, may have stenoses, which 
can result in abnormal findings on blood pressure measure-
ments. If the possibility of significant STA cannot be ruled 
out, imaging with cardiac computed tomography, magnetic 
resonance angiography, or cardiac catheterization should be 
considered.40 The use of cardiac catheterization for advanced 
imaging has been advocated because it allows emergent use of 
extracorporeal membrane oxygenation should the patient have 
acute cardiovascular decompensation.86

Close attention should be paid to bruits on physical exami-
nation. Abdominal bruits are not uncommon in patients with 
WS and may herald the presence of RAS.12,64 If an abdominal 
bruit is discovered, renal ultrasonography with Doppler inter-
rogation should be undertaken. Otherwise, renal ultrasonogra-
phy is recommended at puberty and every 5 years thereafter.12 
Bruits in the neck may indicate the presence of stenoses of the 
brachiocephalic vessels.

Any patient with WS and neurological findings, including 
headaches, should undergo an evaluation for intracranial ste-
noses.87 In a large cohort of patients, the majority of whom did 
not have cranial imaging, intracranial stenoses were reported 
to occur in 1% of patients,15 but the true incidence of intracra-
nial stenoses is unknown.88

Management of Structural 
Cardiovascular Abnormalities

Medical Management
Depending on the severity of the lesions, a large number of 
patients can be followed up clinically without immediate 
intervention. Table 2 outlines the author’s recommended car-
diovascular evaluation and follow-up strategy. Those patients 
who present in the first year of life are at an increased risk 
of progression of arterial stenoses compared with those who 
present later.16 For this reason, follow-up visits every 3 months 
during the first year of life are suggested, which is more fre-
quent than the 2001 recommendations of the American Acad-
emy of Pediatrics.12 Patients with moderate to severe degrees 
of stenoses should be re-evaluated on a more frequent basis 
because progression can occur rapidly. During follow-up vis-
its, the decision for echocardiographic re-evaluation can be 
determined on the basis of physical examination findings.

Patients presenting after the first year of life have a decreased, 
although not absent, likelihood of arterial stenosis progression. 
Those with severe stenoses are nearly certainly likely to require 
intervention, whereas those with moderate stenoses are most 
likely to remain stable.15 Patients with mild degrees of arterial 
stenoses are highly unlikely to have progression of arterial ste-
noses to a degree that would necessitate intervention,15 and less 
aggressive cardiovascular follow-up can be undertaken.

Therapeutic options for systemic hypertension in 
patients with WS must take into consideration the potential 
presence of RAS. Thus, the use of angiotensin-converting 
enzyme inhibitors is contraindicated unless RAS has been 
definitively ruled out. Data-based recommendations for 
antihypertensive therapies cannot be made.88 However, 
calcium channel blockers of the dihydropyridine type are 
effective medications for the treatment of hypertension 
in patients with WS. The use of β-blocker therapy for 
hypertension has the attractive additional benefit of 
potentially decreasing the risk of ventricular arrhythmia or 
an increased adrenergic response, as well as sudden death, 
in patients with prolongation of the QTc.

Surgical Management
Approximately 20% of patients with WS will require surgical 
or transcatheter interventions for cardiovascular abnormali-
ties, the large majority of which will be needed by 15 years 
of age.15,67 The need for intervention is increased to ≈30% in 
those who present during the first year of life.16

Surgical intervention is most commonly undertaken for 
SVAS15,45 because transcatheter balloon angioplasty has been 
found to be ineffective.67 Surgical approaches to SVAS have 
evolved over time, with the current most common technique 
being the use of an inverted Y-shaped patch,35 especially 
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when augmentation of the ascending aorta is necessary.42 The 
modified Brom (3-sinus) technique has been shown to have 
excellent midterm outcomes without the need for reinterven-
tion89 and is increasingly being used. Other techniques such as 
the apicoaortic conduit90 are used less commonly. In a study 
cohort with 41% WS patients, the overall survival of patients 
with SVAS was estimated at 90±7%, 84±9%, and 82±10% at 
5, 10, and 20 years, respectively.91 Freedom from late reopera-
tion in the same cohort was estimated at 97±4%, 93±7%, and 
86±10% at 5, 10, and 20 years, respectively. However, in those 
patients with the diffuse type of SVAS, as many as 35% will 
require reintervention.42

Transcatheter intervention is most commonly used for 
peripheral PAS.15 Geggel et al46 have reported that central pul-
monary arteries do not respond well to balloon angioplasty. 
However, the intrapulmonary segments of the pulmonary 
arteries respond better to balloon dilation, especially when 
undertaken in a serial manner. A significant issue reported 
by Geggel and colleagues is pulmonary arterial aneurysm 
formation after balloon angioplasty. Wessel et al39 previously 
reported that high degrees of PAS are tolerated well without 
intervention, which, when combined with the high frequency 
of complications from transcatheter interventions, led Geggel 
et al46 to recommend frequent noninvasive observation in 
the asymptomatic patient with subsystemic right ventricu-
lar pressures. Transcatheter vascular stenting has been used 
infrequently in patients with WS.15,43,46 Rapid failure of arte-
rial stenting in patients with WS has been reported, and the 
resected arterial wall demonstrates extensive fibrosis and inti-
mal and smooth muscle cell proliferation.92,93 In-stent stenosis 
in patients with WS is likely related to an abnormal arterial 
response to injury caused by stent implantation in the setting 
of decreased arterial elastin.23

STA does not require surgical or transcatheter interven-
tion in ≈70% of patients with WS. Those patients with STA 
requiring intervention are highly likely to need intervention 
before 5 years of age, and the risk of reintervention is >50%.40 
Furthermore, those who undergo reintervention have an 80% 
likelihood of undergoing another subsequent reintervention. 

Because of the decreased likelihood of successful interven-
tion and the attendant risks of the procedures, conservative, 
noninterventional management of patients with STA should 
be considered.

Periprocedural Management
As noted previously, sudden cardiovascular collapse dur-
ing the periprocedural period has been reported multiple 
times in patients with WS. To date, no studies have evaluated 
anesthetic regimens in patients with WS, and no data-driven 
recommendations are available. Medley et al94 have recom-
mended preoperative thyroid screening. Those authors also 
recommended against the use of succinylcholine because of a 
theoretical risk of a hyperkalemic response and recommended 
titrating neuromuscular blockade with intraoperative monitor-
ing of train of four. Burch and colleagues80 have published 
anesthetic goals in patients with congenital SVAS, including 
patients with WS, that can be summarized as follows: main-
tain sinus rhythm at an age-appropriate heart rate, ensure an 
adequate preload while avoiding rapid shifts in intravascular 
volume, avoid anesthetic strategies associated with negative 
inotropic effects and decreased systemic vascular resistance 
(ie, propofol, Sodium Pentothal, sevoflurane, isoflurane, and 
desflurane), and treat hypotension aggressively (phenyleph-
rine, ephedrine, or low-dose epinephrine may be appropriate, 
depending on the status of the patient).

Medical Management of QTc Prolongation
Because prolongation of the QTc may occur with or without 
concomitant structural cardiovascular abnormalities, ongoing 
ECG screening should be considered in all patients with 
WS on at least a biennial basis. Those whose QTc interval 
suggests prolongation (≥440 milliseconds) should be referred 
to a pediatric cardiologist well versed in the care of patients 
with WS, and consultation with an electrophysiologist is 
recommended. Assessment should include elucidation of other 
risk factors for sudden death, review of medications that may 
contribute to QTc prolongation, and an enhanced adrenergic 
state. Strong consideration should be given to treatment with 
β-blocker therapy for those with QTc prolongation, especially 
before the initiation of attention deficit–hyperactivity disorder 
medications.82 Furthermore, all patients with WS who 
are maintained on attention deficit–hyperactivity disorder 
medications should undergo repeat ECG at appropriate 
intervals, with or without β-blocker therapy.82 In patients 
with long-QT syndrome, a QTc ≥500 milliseconds is a 
high-risk indicator for sudden death.95 Genetic testing has 
been recommended for any asymptomatic patient with QT 
prolongation in the absence of other clinical conditions that 
might prolong the QT interval, as defined by a QTc >480 
milliseconds (prepuberty) or >500 milliseconds (adults).96 
Because patients with WS have other clinical conditions that 
might prolong the QT interval, it is the author’s practice to 
undertake genetic testing for WS patients with a QTc ≥500 
milliseconds.

Developing Therapies
Currently, medical therapeutic options for cardiovascu-
lar issues in patients with WS are limited primarily to the 

Table 2.  Cardiovascular Evaluation and Follow-Up of Patients 
With Williams Syndrome*

Examination every 3 mo during the first year of life, then annually until 5 y of 
age, and biennially or triennially thereafter

4-Extremity blood pressures at each visit until adolescence

ECG at each visit to assess QTc

24-h Ambulatory ECG at 1 y of age, annually until 5 y of age, and then 
biennially

Echocardiography at presentation, at least annually until 5 y of age, and then 
as needed if heart disease is present

CT or MRI of the aorta if severe SVAS is present; imaging of head and neck 
vessels should also be considered

Renal ultrasound if hypertensive or if abdominal bruits are auscultated

Ultrasound of carotids if carotid bruits are present

CT indicates computed tomography; MRI, magnetic resonance imaging; and 
SVAS, supravalvar aortic stenosis.

*Cardiovascular management should be performed by a pediatric cardiologist 
well versed in the care of patients with Williams syndrome.
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treatment of hypertension or dysrhythmias. However, a num-
ber of potentially beneficial therapies have been reported in 
animal studies.

The use of minoxidil has been shown to increase elastin 
content significantly in the abdominal aorta, superior mesen-
teric, and renal arteries.97 The presumed mechanism of action 
is via decreased tissue elastase activity. Minoxidil was ini-
tially developed as an antihypertensive and could be an attrac-
tive therapeutic option for the treatment of hypertension in 
patients with WS with the possible added effect of increasing 
arterial elastin content.

Multiple agents affect elastin synthesis regulation and 
could potentially serve as therapeutic options in patients with 
WS. Transforming growth factor-β increases the expression of 
multiple extracellular matrix genes, including elastin, through 
increases in transcription or stabilization.98 Aldosterone 
increases elastin mRNA levels, tropoelastin synthesis, and 
elastic fiber deposition in a dose-dependent manner.99 The 
elastogenic effect of aldosterone is mediated via a mineralo-
corticoid receptor–independent mechanism involving insulin-
like growth factor-1 receptor signaling.100 Glucocorticoids 
upregulate tropoelastin expression in the fetal lung,101 pos-
sibly via a similar corticosteroid pathway. Interestingly, the 
aldosterone receptor antagonist eplerenone has been shown to 
increase arterial collagen content in patients with hyperten-
sion.102 Similarly, eplerenone and spironolactone have been 
reported to increase elastic fiber formation in dermal layers.103 
These results suggest a possible role for aldosterone antago-
nists in the treatment of the arterial stenoses most commonly 
present in patients with WS.

Matrix metalloproteinases cause the breakdown of extracel-
lular matrix proteins such as collagen and elastin.104 Petrinec 
et al105 have shown in rat models that doxycycline, a matrix 
metalloproteinase inhibitor, prevents the fragmentation and 
destruction of elastin. Other investigators have shown in por-
cine models that the use of matrix metalloproteinase inhibitors 
results in higher elastin density with less intimal hyperplasia 
in the vessel wall of treated animals.104 In that study, neo-
intimal hyperplasia was significantly reduced in Gore-Tex 
grafts in animals treated with matrix metalloproteinase inhibi-
tors, a finding that may be translatable to transcatheter stent 
implantations.

Tissue-engineered blood vessels are being developed and 
hold promise for surgical treatment options for significant arte-
rial stenoses.106 Elastin-mimetic polypeptides can be fabricated 
into nonwoven fabrics of fiber networks that mimic native elas-
tin scaffolds. Tubular constructs that could be used as an arte-
rial substitute have been produced by fiber deposition.107

Summary
WS is a complex, multisystem disorder with significant car-
diovascular manifestations. Arterial stenoses make up the 
large majority of cardiovascular issues in patients with WS. 
Although all patients with WS need early and ongoing car-
diovascular evaluation and follow-up, most patients will not 
require cardiovascular interventions. In those patients who 
do undergo surgical and catheter-based interventions, the 
results are favorable, although long-segment STA remains 

very difficult to treat. Sudden death in patients with WS is 
significantly greater than in the general population, and expert 
periprocedural care of these patients is paramount. Prolonga-
tion of the QTc is common in patients with WS, and conserva-
tive management with medications should be considered. The 
potential for groundbreaking advancements in medical ther-
apies is present in already available pharmaceutical agents; 
these potential therapies need to be investigated in meaningful 
ways.

Disclosures
None.

References
	 1.	 Kaplan P, Wang PP, Francke U. Williams (Williams Beuren) syndrome: a 

distinct neurobehavioral disorder. J Child Neurol. 2001;16:177–190.
	 2.	 Strømme P, Bjørnstad PG, Ramstad K. Prevalence estimation of Williams 

syndrome. J Child Neurol. 2002;17:269–271.
	 3.	 Adams GN, Schmaier AH. The Williams-Beuren Syndrome: a window 

into genetic variants leading to the development of cardiovascular disease. 
PLoS Genet. 2012;8:e1002479.

	 4.	 Ferrero GB, Biamino E, Sorasio L, Banaudi E, Peruzzi L, Forzano S, di 
Cantogno LV, Silengo MC. Presenting phenotype and clinical evaluation 
in a cohort of 22 Williams-Beuren syndrome patients. Eur J Med Genet. 
2007;50:327–337.

	 5.	 Pober BR. Williams-Beuren syndrome. N Engl J Med. 2010;362:239–252.
	 6.	 Keating MT. Genetic approaches to cardiovascular disease: supravalvular 

aortic stenosis, Williams syndrome, and long-QT syndrome. Circulation. 
1995;92:142–147.

	 7.	 Williams JC, Barratt-Boyes BG, Lowe JB. Supravalvular aortic stenosis. 
Circulation. 1961;24:1311–1318.

	 8.	 Beuren AJ, Apitz J, Harmjanz D. Supravalvular aortic stenosis in associa-
tion with mental retardation and a certain facial appearance. Circulation. 
1962;26:1235–1240.

	 9.	 Beuren AJ, Schulze C, Eberle P, Harmjanz D, Apitz J. The syndrome of 
supravalvular aortic stenosis, peripheral pulmonary stenosis, mental retar-
dation and similar facial appearance. Am J Cardiol. 1964;13:471–483.

	10.	 Ewart AK, Morris CA, Atkinson D, Jin W, Sternes K, Spallone P, Stock 
AD, Leppert M, Keating MT. Hemizygosity at the elastin locus in a devel-
opmental disorder, Williams syndrome. Nat Genet. 1993;5:11–16.

	11.	 Bongiovanni AM, Eberlein WR, Jones IT. Idiopathic hypercalcemia of 
infancy, with failure to thrive; report of three cases, with a consideration 
of the possible etiology. N Engl J Med. 1957;257:951–958.

	12.	 Committee on Genetics. American Academy of Pediatrics: health 
care supervision for children with Williams syndrome. Pediatrics. 
2001;107:1192–1204.

	13.	 Martens MA, Wilson SJ, Reutens DC. Research Review: Williams syn-
drome: a critical review of the cognitive, behavioral, and neuroanatomical 
phenotype. J Child Psychol Psychiatry. 2008;49:576–608.

	14.	 Wang MS, Schinzel A, Kotzot D, Balmer D, Casey R, Chodirker BN, 
Gyftodimou J, Petersen MB, Lopez-Rangel E, Robinson WP. Molecular 
and clinical correlation study of Williams-Beuren syndrome: no evidence 
of molecular factors in the deletion region or imprinting affecting clinical 
outcome. Am J Med. Genet. 1999;86:34–43.

	15.	 Collins RT 2nd, Kaplan P, Somes GW, Rome JJ. Long-term outcomes of 
patients with cardiovascular abnormalities and Williams syndrome. Am J 
Cardiol. 2010;105:874–878.

	16.	 Collins RT 2nd, Kaplan P, Somes GW, Rome JJ. Cardiovascular abnor-
malities, interventions, and long-term outcomes in infantile Williams syn-
drome. J Pediatr. 2010;156:253–258.e1.

	17.	 Leung DY, Glagov S, Mathews MB. Elastin and collagen accumulation 
in rabbit ascending aorta and pulmonary trunk during postnatal growth: 
correlation of cellular synthetic response with medial tension. Circ Res. 
1977;41:316–323.

	18.	 Parks W, Pierce R, Lee K, Mecham RP. Elastin: advances in molecular and 
cellular biology. 1993;6:133–182.

	19.	 Metafratzi ZM, Efremidis SC, Skopelitou AS, De Roos A. The clinical 
significance of aortic compliance and its assessment with magnetic reso-
nance imaging. J Cardiovasc Magn Reson. 2002;4:481–491.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 6, 2022



Collins    Cardiovascular Disease in Williams Syndrome    2133

	20.	 Wolinsky H, Glagov S. A lamellar unit of aortic medial structure and func-
tion in mammals. Circ Res. 1967;20:99–111.

	21.	 Li DY, Faury G, Taylor DG, Davis EC, Boyle WA, Mecham RP, Stenzel 
P, Boak B, Keating MT. Novel arterial pathology in mice and humans 
hemizygous for elastin. J Clin Invest. 1998;102:1783–1787.

	22.	 Salaymeh KJ, Banerjee A. Evaluation of arterial stiffness in children with 
Williams syndrome: does it play a role in evolving hypertension? Am 
Heart J. 2001;142:549–555.

	23.	 Karnik SK, Brooke BS, Bayes-Genis A, Sorensen L, Wythe JD, Schwartz 
RS, Keating MT, Li DY. A critical role for elastin signaling in vascular 
morphogenesis and disease. Development. 2003;130:411–423.

	24.	 Faury G, Pezet M, Knutsen RH, Boyle WA, Heximer SP, McLean SE, 
Minkes RK, Blumer KJ, Kovacs A, Kelly DP, Li DY, Starcher B, Mecham 
RP. Developmental adaptation of the mouse cardiovascular system to elas-
tin haploinsufficiency. J Clin Invest. 2003;112:1419–1428.

	25.	 Rein AJ, Preminger TJ, Perry SB, Lock JE, Sanders SP. Generalized  
arteriopathy in Williams syndrome: an intravascular ultrasound study. J 
Am Coll Cardiol. 1993;21:1727–1730.

	26.	 Urbán Z, Riazi S, Seidl TL, Katahira J, Smoot LB, Chitayat D, Boyd 
CD, Hinek A. Connection between elastin haploinsufficiency and  
increased cell proliferation in patients with supravalvular aortic stenosis 
and Williams-Beuren syndrome. Am J Hum Genet. 2002;71:30–44.

	27.	 Hirano E, Knutsen RH, Sugitani H, Ciliberto CH, Mecham RP. Functional 
rescue of elastin insufficiency in mice by the human elastin gene. Circ Res. 
2007;101:523–531.

	28.	 Li DY, Brooke B, Davis EC, Mecham RP, Sorensen LK, Boak BB, 
Eichwald E, Keating MT. Elastin is an essential determinant of arterial 
morphogenesis. Nature. 1998;393:276–280.

	29.	 Yau EK, Lo IF, Lam ST. Williams-Beuren syndrome in the Hong 
Kong Chinese population: retrospective study. Hong Kong Med J. 
2004;10:22–27.

	30.	 Eronen M, Peippo M, Hiippala A, Raatikka M, Arvio M, Johansson R, 
Kähkönen M. Cardiovascular manifestations in 75 patients with Williams 
syndrome. J Med Genet. 2002;39:554–558.

	31.	 Kececioglu D, Kotthoff S, Vogt J. Williams-Beuren syndrome: a 30-
year follow-up of natural and postoperative course. Eur Heart J. 
1993;14:1458–1464.

	32.	 Stone ML, Kilic A, Kron IL, Gangemi JJ. Modified aortoplasty for dis-
crete congenital supravalvular aortic stenosis. J Thorac Cardiovasc Surg. 
2012;143:1450–1451.

	33.	 Zalzstein E, Moes CA, Musewe NN, Freedom RM. Spectrum of car-
diovascular anomalies in Williams-Beuren syndrome. Pediatr Cardiol. 
1991;12:219–223.

	34.	 Stamm C, Li J, Ho SY, Redington AN, Anderson RH. The aortic root in 
supravalvular aortic stenosis: the potential surgical relevance of morpho-
logic findings. J Thorac Cardiovasc Surg. 1997;114:16–24.

	35.	 Hickey EJ, Jung G, Williams WG, Manlhiot C, Van Arsdell GS, 
Caldarone CA, Coles J, McCrindle BW. Congenital supravalvular aortic 
stenosis: defining surgical and nonsurgical outcomes. Ann Thorac Surg. 
2008;86:1919–1927.

	36.	 Vaideeswar P, Shankar V, Deshpande JR, Sivaraman A, Jain N. Pathology 
of the diffuse variant of supravalvar aortic stenosis. Cardiovasc Pathol. 
2001;10:33–37.

	37.	 Giddins NG, Finley JP, Nanton MA, Roy DL. The natural course of  
supravalvar aortic stenosis and peripheral pulmonary artery stenosis in 
Williams’s syndrome. Br Heart J. 1989;62:315–319.

	38.	 Wren C, Oslizlok P, Bull C. Natural history of supravalvular aortic stenosis 
and pulmonary artery stenosis. J Am Coll Cardiol. 1990;15:1625–1630.

	39.	 Wessel A, Pankau R, Kececioglu D, Ruschewski W, Bürsch JH. Three 
decades of follow-up of aortic and pulmonary vascular lesions in the 
Williams-Beuren syndrome. Am J Med. Genet. 1994;52:297–301.

	39a.	Wang CC, Hwu WL, Wu ET, Lu F, Wang JJ, Wu MH.  Outcome of pulmo-
nary and aortic stenosis in Williams Beuren syndrome in an Asian cohort. 
Acta Pediatr. 2007;96:906–909.

	40.	 Collins RT 2nd, Kaplan P, Rome JJ. Stenosis of the thoracic aorta in 
Williams syndrome. Pediatr Cardiol. 2010;31:829–833.

	41.	 Kim YM, Yoo SJ, Choi JY, Kim SH, Bae EJ, Lee YT. Natural course of 
supravalvar aortic stenosis and peripheral pulmonary arterial stenosis in 
Williams’ syndrome. Cardiol Young. 1999;9:37–41.

	42.	 Brown JW, Ruzmetov M, Vijay P, Turrentine MW. Surgical repair of con-
genital supravalvular aortic stenosis in children. Eur J Cardiothorac Surg. 
2002;21:50–56.

	43.	 Pham PP, Moller JH, Hills C, Larson V, Pyles L. Cardiac catheterization 
and operative outcomes from a multicenter consortium for children with 
Williams syndrome. Pediatr Cardiol. 2009;30:9–14.

	44.	 Bird LM, Billman GF, Lacro RV, Spicer RL, Jariwala LK, Hoyme 
HE, Zamora-Salinas R, Morris C, Viskochil D, Frikke MJ, Jones MC. 
Sudden death in Williams syndrome: report of ten cases. J Pediatr. 
1996;129:926–931.

	45.	 Bruno E, Rossi N, Thüer O, Córdoba R, Alday LE. Cardiovascular find-
ings, and clinical course, in patients with Williams syndrome. Cardiol 
Young. 2003;13:532–536.

	46.	 Geggel RL, Gauvreau K, Lock JE. Balloon dilation angioplasty of periph-
eral pulmonary stenosis associated with Williams syndrome. Circulation. 
2001;103:2165–2170.

	47.	 Yilmaz AT, Arslan M, Ozal E, Býngöl H, Tatar H, Oztürk OY. Coronary 
artery aneurysm associated with adult supravalvular aortic stenosis. Ann 
Thorac Surg. 1996;62:1205–1207.

	48.	 Stamm C, Friehs I, Ho SY, Moran AM, Jonas RA, del Nido PJ. Congenital 
supravalvar aortic stenosis: a simple lesion? Eur J Cardiothorac Surg. 
2001;19:195–202.

	49.	 Salahuddin S, Ramakrishnan S, Bhargava B. “Classic” supravalvular aor-
tic stenosis. 2010;96:1808.

	50.	 van Son JA, Edwards WD, Danielson GK. Pathology of coronary arteries, 
myocardium, and great arteries in supravalvular aortic stenosis: report of 
five cases with implications for surgical treatment. J Thorac Cardiovasc 
Surg. 1994;108:21–28.

	51.	 Vincent WR, Buckberg GD, Hoffman JI. Left ventricular subendocar-
dial ischemia in severe valvar and supravalvar aortic stenosis: a common 
mechanism. Circulation. 1974;49:326–333.

	52.	 Delius RE, Steinberg JB, L’Ecuyer T, Doty DB, Behrendt DM. Long-
term follow-up of extended aortoplasty for supravalvular aortic stenosis. J 
Thorac Cardiovasc Surg. 1995;109:155–162.

	53.	 Martin EC, Moseley IF. Supravalvar aortic stenosis. Br Heart J. 
1973;35:758–765.

	54.	 Ottesen OE, Antia AU, Rowe RD. Peripheral vascular anomalies  
associated with the supravalvular aortic stenosis syndrome. Radiology. 
1966;86:430–435.

	55.	 Stamm C, Kreutzer C, Zurakowski D, Nollert G, Friehs I, Mayer JE, Jonas 
RA, del Nido PJ. Forty-one years of surgical experience with congenital  
supravalvular aortic stenosis. J Thorac Cardiovasc Surg. 1999;118:874–885.

	56.	 Martin EC, Moseley IF. Supravalvar aortic stenosis. Br Heart J. 
1973;35:758–765.

	57.	 Pansegrau DG, Kioshos JM, Durnin RE, Kroetz FW. Supravalvular aortic 
stenosis in adults. Am J Cardiol. 1973;31:635–641.

	58.	 Gupta MP, Zoneraich S, Aintablain A, Mehta J. Congenital aneurysm of 
the left ventricle associated with supravalvular aortic stenosis and aneu-
rysm of the left main coronary artery: case report and review of the litera-
ture. Angiology. 1975;26:269–275.

	59.	 Roberts WC. Valvular, subvalvular and supravalvular aortic stenosis: mor-
phologic features. Cardiovasc Clin. 1973;5:97–126.

	60.	 Wesselhoeft H, Salomon F, Grimm T. Spectrum of supravalvular aortic 
stenosis: clinical findings of 150 patients with Williams-Beuren syndrome 
and the isolated lesion. Z Kardiol. 1980;69:131–140.

	61.	 Rose C, Wessel A, Pankau R, Partsch CJ, Bürsch J. Anomalies of the 
abdominal aorta in Williams-Beuren syndrome–another cause of arterial 
hypertension. Eur J Pediatr. 2001;160:655–658.

	62.	 Arrington C, Tristani-Firouzi M, Puchalski M. Rapid progression of long-
segment coarctation in a patient with Williams’ syndrome. Cardiol Young. 
2005;15:312–314.

	63.	 Hall EK, Glatz J, Kaplan P, Kaplan BS, Hellinger J, Ernst L, Gaynor JW. 
A case report of rapid progressive coarctation and severe middle aortic 
syndrome in an infant with Williams syndrome. Congenit Heart Dis. 
2009;4:373–377.

	64.	 Bouchireb K, Boyer O, Bonnet D, Brunelle F, Decramer S, Landthaler G, 
Liutkus A, Niaudet P, Salomon R. Clinical features and management of ar-
terial hypertension in children with Williams-Beuren syndrome. Nephrol 
Dial Transplant. 2010;25:434–438.

	65.	 Hallidie-Smith KA, Karas S. Cardiac anomalies in Williams-Beuren syn-
drome. Arch Dis Child. 1988;63:809–813.

	66.	 Nakamoto S, Saga T, Shinohara T. Williams syndrome associated with 
complete atrioventricular septal defect. Heart. 2003;89:e15.

	67.	 Del Pasqua A, Rinelli G, Toscano A, Iacobelli R, Digilio C, Marino B, 
Saffirio C, Mondillo S, Pasquini L, Sanders SP, de Zorzi A. New find-
ings concerning cardiovascular manifestations emerging from long-term 
follow-up of 150 patients with the Williams-Beuren-Beuren syndrome. 
Cardiol Young. 2009;19:563–567.

	68.	 Pernot C, Worms AM, Marçon F, Admant P. Williams-Beuren facies 
with mental retardation and tetralogy of Fallot [in French]. Pediatrie. 
1984;39:53–58.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 6, 2022



2134    Circulation    May 28, 2013

	69.	 Peterson TA, Todd DB, Edwards JE. Supravalvular aortic stenosis. J 
Thorac Cardiovasc Surg. 1965;50:734–741.

	70.	 Horowitz PE, Akhtar S, Wulff JA, Al Fadley F, Al Halees Z. Coronary 
artery disease and anesthesia-related death in children with Williams syn-
drome. J Cardiothorac Vasc Anesth. 2002;16:739–741.

	71.	 McElhinney DB, Petrossian E, Tworetzky W, Silverman NH, Hanley FL. 
Issues and outcomes in the management of supravalvar aortic stenosis. 
Ann Thorac Surg. 2000;69:562–567.

	72.	 Sharma BK, Fujiwara H, Hallman GL, Ott DA, Reul GJ, Cooley DA. 
Supravalvar aortic stenosis: a 29-year review of surgical experience. Ann 
Thorac Surg. 1991;51:1031–1039.

	73.	 Collins RT 2nd. Mitral valve diseases in Williams syndrome: case report and 
review of the literature. Echocardiography. 2012;29:373; author reply 374.

	74.	 Sadler LS, Pober BR, Grandinetti A, Scheiber D, Fekete G, Sharma AN, 
Urbán Z. Differences by sex in cardiovascular disease in Williams syn-
drome. J Pediatr. 2001;139:849–853.

	75.	 Changela V, Maheshwari S, Bhat M. Williams syndrome and Ebstein’s 
anomaly: a rare association. Ann Pediatr Cardiol. 2009;2:165–166.

	76.	 Williams DA, Cook AL. An infant with Williams-Beuren syndrome and 
Ebstein anomaly. Cardiol Young. 2010;20:445–447.

	77.	 Patil SJ, Madhusudhan BG, Shah S, Suresh PV. Facial phenotype 
at different ages and cardiovascular malformations in children with 
Williams-Beuren syndrome: a study from India. Am J Med. Genet A. 
2012;158A:1729–1734.

	78.	 Rashkind WJ, Golinko R, Arcasoy M. Cardiac findings in idiopathic 
hypercalcemia of infancy. J Pediatr. 1961;58:464–469.

	79.	 Wessel A, Gravenhorst V, Buchhorn R, Gosch A, Partsch CJ, Pankau R. 
Risk of sudden death in the Williams-Beuren syndrome. Am J Med Genet 
A. 2004;127A:234–237.

	80.	 Burch TM, McGowan FX Jr, Kussman BD, Powell AJ, DiNardo JA. 
Congenital supravalvular aortic stenosis and sudden death associated with 
anesthesia: what’s the mystery? Anesth Analg. 2008;107:1848–1854.

	81.	 Collins RT 2nd, Aziz PF, Gleason MM, Kaplan PB, Shah MJ. 
Abnormalities of cardiac repolarization in Williams syndrome. Am J 
Cardiol. 2010;106:1029–1033.

	82.	 Collins RT 2nd. Clinical significance of prolonged QTc interval in 
Williams syndrome. Am J Cardiol. 2011;108:471–473.

	83.	 Collins RT 2nd, Aziz PF, Swearingen CJ, Kaplan PB. Relation of ventricu-
lar ectopic complexes to QTc interval on ambulatory electrocardiograms 
in Williams syndrome. Am J Cardiol. 2012;109:1671–1676.

	84.	 Collins RT, Phomakay V, Gossett J, Kaplan PB. Electrocardiographic find-
ings in a large Williams syndrome cohort. J Am Coll Cardiol. 2012;13(sup-
pl 1):E1954.

	85.	 French JW, Guntheroth WG. An explanation of asymmetric upper extrem-
ity blood pressures in supravalvular aortic stenosis: the Coanda effect. 
Circulation. 1970;42:31–36.

	86.	 Stamm C, Friehs I, Moran AM, Zurakowski D, Bacha E, Mayer JE, Jonas 
RA, Del Nido PJ. Surgery for bilateral outflow tract obstruction in elastin 
arteriopathy. J Thorac Cardiovasc Surg. 2000;120:755–763.

	87.	 Kaplan P, Levinson M, Kaplan BS. Cerebral artery stenoses in Williams 
syndrome cause strokes in childhood. J Pediatr. 1995;126:943–945.

	88.	 Pober BR, Johnson M, Urban Z. Mechanisms and treatment of car-
diovascular disease in Williams-Beuren syndrome. J Clin Invest. 
2008;118:1606–1615.

	89.	 Kaushal S, Backer CL, Patel S, Gossett JG, Mavroudis C. Midterm out-
comes in supravalvular aortic stenosis demonstrate the superiority of mul-
tisinus aortoplasty. Ann Thorac Surg. 2010;89:1371–1377.

	90.	 Brown JW, Girod DA, Hurwitz RA, Caldwell RL, Rocchini AP, Behrendt 
DM, Kirsh MM. Apicoaortic valved conduits for complex left ventricu-
lar outflow obstruction: technical considerations and current status. Ann 
Thorac Surg. 1984;38:162–168.

	91.	 Deo SV, Burkhart HM, Schaff HV, Li Z, Stensrud PE, Olson TM, Connolly 
HM, Dearani JA. Late outcomes for surgical repair of supravalvar aortic 
stenosis. Ann Thorac Surg. 2012;94:854–859.

	92.	 Apostolopoulou SC, Kelekis NL, Laskari C, Kaklamanis L, Rammos 
S. Restenosis and pseudoaneurysm formation after stent placement 
for aortic coarctation in Williams syndrome. J Vasc Interv Radiol. 
2002;13:547–548.

	93.	 Mookerjee J, Roebuck D, Derrick G. Restenosis after aortic stenting. 
Cardiol Young. 2004;14:210–211.

	94.	 Medley J, Russo P, Tobias JD. Perioperative care of the patient with 
Williams syndrome. Paediatr Anaesth. 2005;15:243–247.

	95.	 Napolitano C, Bloise R, Monteforte N, Priori SG. Sudden cardiac death 
and genetic ion channelopathies: long QT, Brugada, short QT, catechol-
aminergic polymorphic ventricular tachycardia, and idiopathic ventricular 
fibrillation. Circulation. 2012;125:2027–2034.

	96.	 Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H, 
Camm AJ, Ellinor PT, Gollob M, Hamilton R, Hershberger RE, Judge 
DP, Le Marec H, McKenna WJ, Schulze-Bahr E, Semsarian C, Towbin 
JA, Watkins H, Wilde A, Wolpert C, Zipes DP. HRS/EHRA expert con-
sensus statement on the state of genetic testing for the channelopathies 
and cardiomyopathies: this document was developed as a partnership be-
tween the Heart Rhythm Society (HRS) and the European Heart Rhythm 
Association (EHRA). Heart Rhythm. 2011;8:1308–1339.

	97.	 Tsoporis J, Keeley FW, Lee RM, Leenen FH. Arterial vasodilation and 
vascular connective tissue changes in spontaneously hypertensive rats.  
J Cardiovasc Pharmacol. 1998;31:960–962.

	98.	 Kuang PP, Zhang XH, Rich CB, Foster JA, Subramanian M, Goldstein 
RH. Activation of elastin transcription by transforming growth factor-
beta in human lung fibroblasts. Am J Physiol Lung Cell Mol Physiol. 
2007;292:L944–L952.

	99.	 Bunda S, Liu P, Wang Y, Liu K, Hinek A. Aldosterone induces elastin 
production in cardiac fibroblasts through activation of insulin-like growth 
factor-I receptors in a mineralocorticoid receptor-independent manner. Am 
J Pathol. 2007;171:809–819.

	100.	Bunda S, Wang Y, Mitts TF, Liu P, Arab S, Arabkhari M, Hinek A. 
Aldosterone stimulates elastogenesis in cardiac fibroblasts via mineralo-
corticoid receptor-independent action involving the consecutive activation 
of Galpha13, c-Src, the insulin-like growth factor-I receptor, and phospha-
tidylinositol 3-kinase/Akt. J Biol Chem. 2009;284:16633–16647.

	101.	Pierce RA, Mariencheck WI, Sandefur S, Crouch EC, Parks WC. 
Glucocorticoids upregulate tropoelastin expression during late stages of 
fetal lung development. Am J Physiol. 1995;268(pt 1):L491–L500.

	102.	Savoia C, Touyz RM, Amiri F, Schiffrin EL. Selective mineralocorticoid 
receptor blocker eplerenone reduces resistance artery stiffness in hyper-
tensive patients. Hypertension. 2008;51:432–439.

	103.	Mitts TF, Bunda S, Wang Y, Hinek A. Aldosterone and mineralocorticoid 
receptor antagonists modulate elastin and collagen deposition in human 
skin. J Invest Dermatol. 2010;130:2396–2406.

	104.	Rotmans JI, Velema E, Verhagen HJ, Blankensteijn JD, de Kleijn DP, 
Stroes ES, Pasterkamp G. Matrix metalloproteinase inhibition reduces 
intimal hyperplasia in a porcine arteriovenous-graft model. J Vasc Surg. 
2004;39:432–439.

	105.	Petrinec D, Liao S, Holmes DR, Reilly JM, Parks WC, Thompson RW. 
Doxycycline inhibition of aneurysmal degeneration in an elastase-induced 
rat model of abdominal aortic aneurysm: preservation of aortic elastin 
associated with suppressed production of 92 kD gelatinase. J Vasc Surg. 
1996;23:336–346.

	106.	Opitz F, Schenke-Layland K, Cohnert TU, Starcher B, Halbhuber KJ, 
Martin DP, Stock UA. Tissue engineering of aortic tissue: dire conse-
quence of suboptimal elastic fiber synthesis in vivo. Cardiovasc Res. 
2004;63:719–730.

	107.	Kim W, Chaikof EL. Recombinant elastin-mimetic biomaterials: emerg-
ing applications in medicine. Adv Drug Deliv Rev. 2010;62:1468–1478.

Key Words:  aortic stenosis, supravalvular ◼ cardiovascular diseases 
◼ genetics ◼ heart diseases ◼ humans ◼ pulmonary artery ◼ Williams 
syndrome

D
ow

nloaded from
 http://ahajournals.org by on M

arch 6, 2022


