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Cardiovascular Spectrum
in Williams-Beuren
Syndrome

The Mexican Experience in 40 Patients

In this study, we have identified and evaluated the cardiovascular anomalies associated
with Williams-Beuren syndrome in children.

In a retrospective, lineal, and observational study, we reviewed the files of children who
were seen from 1980 through 2005 (25 years) after a clinical diagnosis of Williams-Beuren
syndrome.

Forty children were diagnosed with this syndrome at the National Institute of Pediatrics
in Mexico City. Of these, 32 (80%) were found to have congenital heart defects. The male-
to-female ratio was 1.3:1 and ages ranged from 6 months to 15 years (mean, 4.4 years)
at the time of diagnosis. All of the patients had morphologic and genetic characteristics
typical of the syndrome.

We emphasize the cardiovascular aspects from a clinical point of view. Supravalvular
aortic stenosis was our most frequent finding, in 18 of 32 patients (66 %), gradient differ-
ences in these patients ranged from 14 to 81 mmHg. Five patients showed combined
lesions, the most frequent being supravalvular aortic stenosis in combination with pulmo-
nary artery brachial stenosis, or with atrial and ventricular defects. Patients with incom-
plete atrioventricular defect and bicuspid aortic valve, as were seen at our hospital, have
not to our knowledge been reported in other studies.

One of the patients was scheduled for balloon dilation; another was scheduled for sur-
gery; a 3rd patient was operated on twice for the placement of an aorto-aortic bridge; anoth-
er underwent ventricular septal defect closure; and yet another underwent aortoplasty, this
last dying shortly after surgery. (Tex Heart Inst J 2008;35(3):279-85)

illiams-Beuren syndrome (W-BS) is an illness characterized by typical

facies, growth delays, mild mental retardation, extroverted personality,

and congenital heart defects (CHD)—such as supravalvar aortic stenosis
(SA0S) and other forms of arterial problems—seen in 77% to 79% of all patients.”
The real frequency of this syndrome is unknown, although it is estimated to be 1 in
10,000-50,000 live births.**

This syndrome was named after ].C.P. Williams in 1961, although there were reports
previously published by other authors.” At the same time, Rashkind and colleagues®
suggested the association of idiopathic childhood hypercalcemia with cardiopathy. In
1962, Alois J. Beuren and associates’ pointed to the characteristic “elfin facies” and,
later, to the possibility of an association with pulmonary artery (PA) branch stenosis."

Inheritance of W-BS is, in most cases, sporadic.>"" However, there is a 50% risk of
transmission of deletions, and cases among family members suggest an autosomal
dominant inheritance pattern. > Williams-Beuren is considered to be a syndrome
with contiguous genes, but it is the gene for elastin, a protein in the aortic wall, that
especially influences the aortic area. In 1993 and the years following, the elastin gene
has been found in 95% of patients with W-BS in the same subunit (7q11.23) of the
long arm of chromosome 7.°"7 As mentioned elsewhere,*"* SAoS is an inherited vas-
cular condition known as an “arteriopathy of elastin,” which can cause heart prob-
lems and death.

Currently, the cause of hypercalcemia is unknown. It is thought to be related to an
absence of (or deficiency in) the secretion of C cells (calcitonin producers) in indi-
viduals with W-BS. Some of the manifestations of hypercalcemia then arise from the
action of a neuropeptide that has physiologic effects in the cardiovascular and cen-
tral nervous systems.”?' It is thought that the excessive administration of vitamin D
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might produce sclerosis, aortic calcification, and head
and facial changes.***"** In pregnant rabbits, vitamin
D administration can bring about fetal cardiopathies
and changes in the blood vessels.***

Some studies suggest that SAoS is associated with his-
tologic changes characteristic of prenatal abnormalities,
such as hyperplasia of the intima and excessive collagen
in the elastic sheet. There are also changes in the ho-
meostasis of fetal calcium,* but the exact mechanism
for the pathogenesis of SAoS has not been well defined.
Problems related to SAoS are the disorganization of aor-
tic elastin fibers, myocardial infarction, arrhythmias,
and death.”*

In auscultation of the heart that has been affected by
SA0S, the examining physician hears a systolic ¢jection
murmur at the aortic focus, which radiates to the sternal
notch and neck vessels, without a protosystolic noise, as
in cases of valvular aortic stenosis. In addition, contin-
uous murmurs are heard in both lung fields, secondary
to PA branch stenosis.”

In children with W-BS and cardiopathy, SAoS is
seen in 81% of cases. Conversely, only about 50% of
SAoS patients have W-BS. In a study of 81 patients with
SAOS, for example, 40 had W-BS.*

Other cardiovascular anomalies found in association
with W-BS are ventricular septal defect (VSD), pat-
ent ductus arteriosus (PDA), stenosis of outlying arter-
ies (renal, cerebral, carotid, coronary, brachiocephalic,
subclavian, and mesenteric), coarctation of the aorta,
mitral valve incompetence, tetralogy of Fallot (TOF),
and vascular ring,"?***% There are also references in the
literature to W-BS in association with total anomalous
connection of lung vessels, arteriovenous shunt, in-
terruption of the aortic arch, vein aplasia, and aortic
aneurysm.*'"* It is not unusual to find an association
of several heart lesions in the same W-BS patient."**¥
There are infrequent cardiovascular lesions such as mi-
tral valve prolapse (15%) (secondary to an increase in
collagen in the mitral valve), arterial systemic hyper-
tension (8%) (usually seen in older patients), and aortic
subvalvular stenosis.****“* Williams-Beuren syndrome
has often been associated with displacement of lung ar-
teries or coronary arteries, with fibrosis and microfocal
chronic ischemia in the subendocardium and the pap-
illary muscles of the left ventricle, and with severe myo-
cardial infarction causing death in elderly patients and
in children.®*% The statistics can be found in several
Sources.2,3,17,42,44

Detection of the genetic microdeletions is done by
using the fluorescence in situ hybridization (FISH)
method, which enables a diagnosis in 99% of the cases.
Case studies focus on observing the progression of car-
diac disease with annual checkups and on monitoring
blood pressure.

The differential diagnosis of SAoS is made by weigh-
ing such diverse alternatives as Noonan, Coffin-Lowry,
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cardiofacial, Shone, congenital rubella, Kabuki, alco-
holic fetopathy, and Smith-Magenis syndromes, in ad-
dition to storage disease and hypothyroidism.>*

Treatment is directed towards correcting the CHD.*
The treatment for SAoS includes the dilation or am-
plification of the stenotic segment of aortic or coro-
nary wall, which is sometimes repaired with pericardial
patches.”***® In cases of PA branch stenosis, there is the
possibility of stent placement.” In 58% of cases, surgery
is required, depending on the severity of the obstruction
at different levels. In addition to the severity of the arte-
rial stenosis, advanced age is a negative factor.”

Although SAoS progresses with age, PA branch steno-
sis tends to improve spontaneously. %% Myocardial
infarctions and sudden death have been reported in
childhood, secondary to lesions of coronary dysplasia
in cases of W-BS, but they are unusual.'** Coronary
artery stenosis, with or without SAoS, and severe ob-
struction to the biventricular outflow are factors that
predispose patients to sudden death.” When patients
have associated hypertrophic obstructive cardiomyop-
athy or left ventricular pressure and volume overload,
SAoS and mitral regurgitation occur at greater risk.”
In patients with SAoS, factors that contribute to high
rates of sudden death during heart catheterization are a
decrease in cardiac output, arthythmia, and myocardial
infarction. Stenosis of the renal artery or coarctation of
the aorta contributes to an increase in the frequency
of systemic hypertension." ¥ Systemic hypertension
is more frequent in adults than in children, in cases of
W-BS.”

In W-BS, morbidity and mortality rates are high due
to the related cardiovascular defects and their sequelae.”

Patients and Methods

The purpose of this study was to describe the spectrum
of cardiovascular anomalies in patients with W-BS who
were seen during 25 years at the National Institute of
Pediatrics in Mexico City, and to document follow-up
and prognosis.

In a retrospective, lineal, and observational study, we
reviewed the files of children who had been clinical-
ly diagnosed as having W-BS from 1980 through June
2005 (25 years). The FISH method had also been used
in diagnosis. We analyzed the following variables: sex,
age at the time of diagnosis, inheritance type, degree
and type of cardiopathy, diagnostic method, evolution,
and treatment. The association with other cardiop-
athies (combined lesions) was also considered, as was
the association with pulmonary hypertension, system-
ic hypertension, other syndromes, hypercalcemia, and
psychomotor delay. We excluded from the study those
cases that did not fulfill the clinical characteristics of
W-BS, and those cardiopathies that were not correct-
ly diagnosed by echocardiography or angiography. All
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cases of SAoS not associated with W-BS were removed
from the study.

A statistical analysis was done of age, in which we ob-
tained mean values + SD. An occurrence proportions
test was done for each of these cardiopathies: SAoS,
PA branch stenosis, SAoS with PA branch stenosis, co-
arctation of the aorta, aortic stenosis, VSD, PDA, and
bicuspid aortic valve. In addition, we considered the
types and frequencies of cardiopathies seen in the Unit-
ed States, Canada, Korea, Finland, and Spain, and we
compared those statistics with ours. In order to main-
tain a per-experiment error rate of o E=0.05, the Bon-
ferroni principle was used, wherein o E was divided by
5, in order to compare the frequency of each type of
cardiomyopathy in Mexico. The comparison error was
aC=aE/5=0.01"

Results

Of the 40 patients diagnosed with W-BS, 23 were boys
and 17 were girls, at a 1.3:1 ratio. Ages at diagnosis
ranged from 6 months to 15 years, averaging 4.4 years
£ 4.3 years. All the appearances of the anomaly were
sporadic.

Fig. 1 Characteristic “elfin facies” in 1 of our patients, showing
hypertelorism, wide nose and mouth opening, thick lips, micro-
gnathia, and low-set earlobes.

Texas Heart Institute Journal
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Fig. 2 The fluorescence in-situ hybridization (FISH) method
shows the deletion of 7q11.23 in one of our patients.

Fig. 3 Left ventricular arteriogram with contrast agent shows
supravalvular aortic stenosis (arrow), the cardiopathy most
frequently seen in Williams-Beuren syndrome.

Twenty-three cases of W-BS were presenting clinical-
ly by means of elfin facial characteristics (Fig. 1), while
17 cases were diagnosed by means of the FISH method
(Fig. 2). All W-BS patients presenting at our Institute
after June 1997 were diagnosed using the FISH meth-
od.

Of the 40 patients, 8 had healthy hearts and 32 (80%)
had associated congenital cardiopathies (2=0.80),
which were diagnosed clinically and by electrocardiog-
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raphy, radiography, angiography, and echocardiography.
Of the 32 patients who had cardiopathies, 18 had SAoS
(Fig. 3); 1 of these patients also had muscular VSD, and
another had an ostium primum ASD, this last an in-
complete atrioventricular defect with left obstruction.
Four patients had SAoS in association with PA branch
stenosis: 3 of these 4 patients had ostium secundum
ASD plus pulmonary stenosis (1 of the 3 had VSD with
ostium secundum ASD), and the 4th had ASD of the
infundibular type. The remaining 2 patients had aortic
stenosis, both with coarctation of the aorta (1 of them
with aortic hypoplasia as well); in addition, there was 1
patient with perimembranous VSD, 1 with PDA, and
1 with bicuspid aortic valve (Table I).

The pressure gradients of the patients with SAoS
ranged from 14 to 81 mmHg. Several cases were of the
ring type, and 2 were of the membranous type. One of
the patients with coarctation of the aorta had pseudo-
coarctation, with a pressure gradient of 14 mmHg. The
aortic hypoplasia at the thoracic level had a 25-mmHg
gradient from the ascending to the descending aorta
and was associated with severe systemic hypertension.
Pressure gradients in the 3 patients with PA branch
stenosis were 26, 50, and 70 mmHg (Fig. 4). A patient
with ring-type aortic stenosis had a pressure gradient of
66 mmHg, and the patient with pulmonary stenosis
had a gradient of 37 mmHg,

The associated congenital heart defects SAoS plus
VSD and PA branch stenosis plus ASD yielded sys-
temic hypertension pressure gradients of 35 and 100
mmHg, respectively. Patients with SAoS plus VSD and

TABLE I. Frequency of Cardiopathies in Williams-
Beuren Syndrome

Patients 95% Confidence Interval
Cardiopathy (n) PValue LowerCl Upper CI
SAoS* 18 0.56%* 0.42 0.70
PA branch stenosis 3 0.09** 0.01 017
SAoS + PAbranch 4 0.13** 0.03 0.22
stenosis
Aortic coarctation 2 0.06 0.00 0.13
Aortic stenosis 2 0.06 0.00 0.13
VSD 1 0.03 -0.02 0.08
PDA 1 0.03 -0.02 0.08
Bicuspid aortic 1 0.03 -0.02 0.08
valve
Total 32

Cl = confidence interval, PA = pulmonary artery; PDA = pa-
tent ductus arteriosus; SAoS = supravalvular aortic stenosis;
VSD = ventricular septal defect

*One patient had an incomplete atrioventricular defect.
**P <0.05
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Fig. 4 Arterial angiogram (posteroanterior projection) with con-
trast media in the right ventricle shows important decrease in the
lumina of the pulmonary branches.

with VSD alone had pulmonary hypertension with a
pressure gradient of 40 mmHg,

The 8 patients with healthy hearts were evaluated
clinically and electrocardiographically. The patient with
PDA and one with a healthy heart were also diagnosed
by echocardiography (to rule out diagnostic doubt). In
the patient with aortic hypoplasia, echocardiography,
catheterization, angiography, and an aortic biopsy were
performed. The other 30 patients were evaluated by
means of echocardiography and, in 2 cases, by heart
catheterization as well. None of the 40 patients with
W-BS was found to have another genetic syndrome.
Psychomotor delay of varying severity was seen in all
cases.

Treatment focused on improving heart failure with
drugs such as digitalis and diuretic agents. Of the 40 pa-
tients with W-BS, only 2 were treated surgically: an aor-
to-aortic bridge was created to treat aortic hypoplasia
on 2 occasions (same patient) and a VSD was closed
with a Dacron patch in another patient; this last patient
showed signs of complete atrioventricular block and re-
quires a pacemaker, but today is evolving satisfactorily.
A patient with SAoS is also scheduled for balloon aorto-
plasty, while another with SAoS underwent aortoplasty,
fell into cardiac arrest, and died shortly afterwards.

Of the original 40 patients, 22 are still under our su-
pervision, 7 abandoned treatment, 10 have been dis-
charged from the hospital due to improvement, and 1
died of cardiogenic shock after an aortoplasty.

Discussion

Historically, diagnoses of W-BS at our center have been
made on the basis of clinical criteria; only recently has
W-BS been diagnosed using FISH.” Since June 1997,
cases of W-BS have been diagnosed by the FISH meth-
od. At our institute, the average age of these patients at
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diagnosis is the same (4.4 yr) as that reported in other
studies (range, 4—6 yr at diagnosis).

The percentage of W-BS cases that were associat-
ed with congenital heart defects (80%) at the Nation-
al Institute of Pediatrics is in the upper end of the
range of percentages reported by other investigators
(77%—81%),>'** probably because our hospital is a re-
ferral center for children from the entire country. We are
unaware of the frequency of W-BS among patients with
SAoS; this is beyond the scope of our article. However,
in a previous review” of patients seen at this institute
from 1971 through 1983, 10 of 15 SAoS patients were
found to have associated W-BS (66%), a bit higher than
the 50% figure that we found in a literature search.”

Our figures concur with the current medical litera-
ture in that the 2 most frequent cardiopathies we found
in association with W-BS were SAoS (56%) and SAoS
with PA branch stenosis (13%); this last figure takes
into account the association of SAoS and PA branch
stenosis in 4 patients (Table II).

Our study highlights a case of PDA cardiopathy,
which condition is uncommon in W-BS. We also pre-
sent a case with bicuspid aortic valve and another with
partial atrioventricular defect, neither of which, to the
best of our knowledge, has been reported in the world
literature in association with W-BS (Tables I and II).

In our institute, only 2 patients were found to have
hypercalcemia. Systemic hypertension was seen in the

1 patient with aortic hypoplasia. Decreased vascular di-
ameter may of course be a cause of systemic hyperten-
sion.

In our study, all patients had various degrees of men-
tal retardation, as previously described.”* When SAoS
occurs independently of W-BS—either sporadically or
familially—such patients are likely to have normal in-
telligence.

Only 1 of our patients died. The overall good survival
is due to the fact that the cardiopathy is benign in child-
hood, although it is progressive and complications are
often seen in later stages of life.""'**

We compared our study results with those of other
hospitals and found no significant differences in num-
ber except for the cases of SAoS and SAoS with PA
branch stenosis at Seoul, the percentages of which were
at substantial variance from ours (P <0.01). Cases of
PDA, bicuspid aortic valve, and atrioventricular defect
were infrequent among our patients and were not seen
at all among the other hospitals whose results we re-
viewed (Table II). A contrary situation occurred with
other cardiopathies not seen in our group of patients but
registered at the other hospitals: mitral valve prolapse,
ASD, cardiomyopathy, TOF, and right ventricular hypo-
plasia (Table II). We considered our patient with aortic
hypoplasia to be in the aortic coarctation group because
aortic hypoplasia is a type of left obstruction, which is
also uncommon.

TABLE Il. Cardiopathies in Williams-Beuren Syndrome: Experience at the National Institute of Pediatrics

Compared with Others Around the World

Mexico? Salt Lake City® Seoul® Helsinki Madrid® Toronto'
Cardiopathy (n=32) PValue (n=42) PValue (n=26) PValue (n=44) PValue (n=70) PValue (n=49) P Value
SAcS 18 0.56 27 0.55 6 0.23* 21 0.48 49 0.70 28 0.57
PABS 3 0.09 10 0.20 2 0.08 6 0.14 4 0.06 8 0.16
SA0S+PABS 4 0.13 0 0.00 18 0.69* 11 0.25 10 0.14 11 0.22
CoA 2 0.06 0 0.00 0 0 0 0.00 4 0.06 1 0.02
Aortic stenosis 2 0.06 0 0.00 0 0 2 0.05 0 0.00 0 0.00
VSD 1 0.03 5 0.10 0 0 0 0.00 0 0.00 0 0.00
PDA 1 0.03 0 0.00 0 0 0 0.00 0 0.00 0 0.00
BAo 1 0.03 0 0.00 0 0 0 0.00 0 0.00 0 0.00
Other** 0 0.00 0 0.00 0 0 4 0.09 3 0.04 1 0.02

BAo = bicuspid aortic valve; CoA = coarctation of the aorta; PABS = pulmonary artery branch stenosis; PDA = patent ductus
arteriosus; SAoS = supravalvular aortic stenosis; VSD = ventricular septal defect

aCurrent study: National Institute of Pediatrics; Mexico; 2005. A 25-year study.

bUniversity of Utah, USA; 1988

®Sejong Heart Institute, University College of Medicine; Korea; 1999. A 9-year study.*
4The Hospital for Children, University of Stenbarkinkatu; Finland; 2002. A 26-year study.*

eUniversity Hospital; La Paz, Spain; 2004. A 37-year study.”
fSick Children Hospital; Canada; 1991. A 22-year study.*

*P <0.01

**Atrial septal defect, cardiomyopathy, mitral valve prolapse, right ventricular hypertrophy, tetralogy of Fallot
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Conclusions

Congenital heart defects were found in 32 (80%) of our
W-BS patients. The defect that we saw most frequent-
ly in association with W-BS was SAoS, which we found
in more than half of our cases (18 of 32 cases, or 56%).
When SAoS is found in patients with W-BS, there may
be other heart lesions as well. Indeed, the cardiopathy
that we found second most frequently associated with
W-BS was SAoS with PA branch stenosis, found in 4 of
32 cases (13%).

In our study, we found 1 case of PDA and another
of aortic hypoplasia, both of which are uncommon in
infants with W-BS. We also found a case of bicuspid
aortic valve and a case of partial atrioventricular defect,
neither of which has been reported in other studies.

Pulmonary hypertension, systemic hypertension, and
hypercalcemia are not often manifest in children, and
the childhood prognosis for these is benign; the com-
plications are seen in later decades.

The clinical and echocardiographic diagnosis in pa-
tients who have W-BS is of the utmost importance, be-
cause this is a degenerative and progressive illness.
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