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THE ANESTHESIA-RELATED deaths of 2 patients with
Williams syndrome and supravalvular aortic stenosis

(SVAS) are reported. There are 3 reports in the anesthesia
literature of favorable outcomes of anesthetic management of
patients with Williams syndrome.1-3 Other reports in the pedi-
atric literature documented severe coronary artery disease,
myocardial infarction,4,5 and anesthesia-related cardiac arrest
and mortality6,7 in children with Williams syndrome. A review
of the surgical literature described a significant incidence of
coronary artery involvement in patients with SVAS.8 None of
these reports described the anesthetic management of these
patients. This case report highlights the potential risks of pro-
viding sedation or general anesthesia for patients with Williams
syndrome, SVAS, and coronary artery disease.

CASE REPORTS

Case 1

A 6-year-old girl died during cardiac catheterization in 1992, and
information was obtained retrospectively from a review of the chart.
The patient first was evaluated at age 3 because of delayed develop-
ment and an incidental heart murmur. A diagnosis of Williams syn-
drome was based on characteristic stigmata, and cardiac catheterization
showed SVAS with a gradient of 25 mmHg, stenoses of the main and
right pulmonary arteries, and multiple branch pulmonary artery steno-
ses.

The patient was followed medically on an annual basis and returned
at age 6 with complaints of syncopal episodes. She had once stopped
breathing at home and was resuscitated by her father. An echocardio-
gram showed a gradient of 100 mmHg across the SVAS, and she was
scheduled for cardiac catheterization. The patient weighed 16 kg and
received meperidine, 20 mg; promethazine, 10 mg; and chlorproma-
zine, 10 mg, intramuscularly for sedation. The cardiologist and cathe-
terization laboratory personnel monitored the patient. Femoral arterial
and venous catheters were inserted, and after intracardiac pressures
were recorded, nonionic contrast dye was injected into the left ventricle
and main pulmonary artery. Twenty minutes after the diagnostic cath-
eters were removed, the patient sequentially developed bradycardia,
apnea, complete heart block, and subsequently ventricular fibrillation.
An anesthesiologist assisted with cardiopulmonary resuscitation.
Prompt ventilation of the lungs, closed chest cardiac compression,
tracheal intubation, atropine and epinephrine intravenously, and DC
countershock failed to restore cardiac function. The family refused an
autopsy.

Case 2

A 3-year-old girl with known Williams syndrome required operative
repair of SVAS. She was evaluated at age 7 months because of a heart
murmur, feeding difficulties, and easy fatiguability. Echocardiography
showed SVAS with a gradient of 76 mmHg, mild mitral regurgitation,

mild tricuspid regurgitation, and left ventricular hypertrophy. At age 22
months, she was admitted as an outpatient for cardiac catheterization.
Premedication consisted of meperidine, 14 mg; promethazine, 6 mg;
and chlorpromazine, 6 mg intramuscularly. Midazolam, 0.5 mg intra-
venously, was given before injection of local anesthesia. The patient
had mild pulmonary artery branch stenosis and moderate SVAS with a
gradient of 55 mmHg. The coronary arteries appeared normal with
distal displacement of the left coronary ostium. On follow-up visit 1
year later, the peak aortic gradient determined by echocardiography had
increased to 150 mmHg with severe left ventricular hypertrophy and
supernormal left ventricular function. There was tethering of the aortic
valve leaflets to the area of the SVAS in close proximity to the left
coronary artery ostium and mild mitral regurgitation. The electrocar-
diogram showed ST-segment changes consistent with severe left ven-
tricular hypertrophy and left ventricular strain. She was scheduled for
surgical relief of the SVAS and mitral valve repair.

On the day of operation, the patient weighed 10.8 kg and received
midazolam, 6 mg orally, 30 minutes before arrival in the operating
room. Anesthesia was induced with ketamine, 40 mg, and pancuro-
nium, 2 mg intravenously. Tracheal intubation was uneventful, and the
patient was placed in Trendelenburg position for insertion of a triple-
lumen catheter in the jugular vein. Isoflurane 0.2% in 100% oxygen,
was given. Carotid arterial pulse was initially strong during central
catheter placement, but 5 minutes later, pulses became barely palpable
during arterial catheter placement. At the same time, the heart rate
slowed from 150 to 70 beats/min, and the pulse oximeter stopped
registering a saturation. Isoflurane was discontinued, and atropine, 0.2
mg; phenylephrine, 25 �g; epinephrine, 0.1 mg; and sodium bicarbon-
ate, 10 mEq, were given intravenously through the central venous
catheter.

At this time, preoperative transesophageal echocardiography was
performed by a cardiologist and showed global left ventricular hypo-
kinesia compared with supernormal contractility previously seen. The
left atrium was enlarged, and the right atrium and right ventricle were
underfilled. The tethering of the aortic valve leaflets to the supraval-
vular area was seen again to be in close proximity to the left coronary
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ostium. The coronary arteries seemed to be dilated when assessed by
color-flow Doppler.

Within 10 minutes, the peripheral pulses became stronger, and a
cannula was inserted into a femoral artery. The initial arterial blood
pressure was 130/70 mmHg with a sharp upstroke noted on the arterial
pressure tracing. Before incision, isoflurane, 0.2% in oxygen, was
started. Shortly after incision, the arterial pressure tracing lost its sharp
upstroke, the blood pressure decreased to 70 mmHg systolic, and
isoflurane was discontinued. Over the next 10 minutes, the systolic
blood pressure decreased to 50 mmHg. There was an irregular heartbeat
at a rate of 60 to 70 beats/min despite injections of atropine, phenyl-
ephrine, and epinephrine, followed by infusions of isoproterenol, 0.15
�g/kg/min; epinephrine, 0.2 �g/kg/min; and dopamine, 10 �g/kg/min
intravenously. The patient was given 33 mg of heparin and placed on
cardiopulmonary bypass (CPB) as rapidly as possible.

The operation consisted of mitral valve repair and augmentation of
the aortic root and supravalvular area using bovine pericardium.9 After
aortic declamping, there were wide complex ST changes noted on the
electrocardiogram and the right ventricle was not well perfused. An
angioplasty of the right coronary artery ostium was done followed by
a saphenous vein graft from the aorta to the right coronary artery. When
separation from CPB was attempted, the left ventricle was seen on
transesophageal echocardiography to be severely hypokinetic. A left
internal mammary artery and saphenous vein graft bypass were placed
to the left anterior descending coronary artery. Myocardial contractility
did not improve, and the patient still could not be weaned from CPB,
despite high-dose dopamine, dobutamine, and epinephrine infusions. A
left ventricular assist device was placed from the left atrium to the
aorta. Three days later, the left ventricular assist device was turned off
with no evidence of left ventricular contractility, and the patient was
pronounced dead. The parents refused an autopsy.

DISCUSSION

Williams syndrome first was described in 196110 and is
characterized by mental retardation, growth retardation, char-
acteristic facies, an engaging personality, and cardiovascular
abnormalities. The incidence is 1:20,000 live births. Most pa-
tients with Williams syndrome live to adulthood, and severe
coronary artery disease occurs in �1% (Bird LM: personal
communication). Williams syndrome is produced by the spo-
radic deletion of 1 elastin allele located within chromosome
subunit 7q11.23, which causes the vascular and connective
tissue pathology.11 The facial features include puffy periocular
tissues, broad mouth with full lips, and pointy chin. The types
of cardiovascular lesions found separately or together include
SVAS, pulmonary and renal artery stenoses, atrial and ventric-
ular septal defects, and hypoplasia of the aorta.

The coronary artery lesions that place patients with SVAS at
high risk are produced by the following mechanisms. Obstruc-
tion of a coronary orifice is due to distortion of aortic leaflets
with adherence of the left or right coronary cusp to the ob-
structing ridge of tissue immediately above the ostium.12 Al-
ternatively, high pressure proximal to the SVAS is transmitted
to the coronary arteries and may result in severe dysplasia and
narrowing of these arteries.13 The authors of a review of con-
genital SVAS stated that impaired coronary blood flow has
been reported frequently in these patients.8 Coronary arteries
are subjected to elevated prestenotic systolic pressures, leading
to dilation and tortuosity with the promotion of premature
atherosclerosis. Severe ventricular hypertrophy and increased
intramyocardial pressure can result in a perfusion mismatch

and subendocardial ischemia. These authors suggested that
every patient with SVAS should be considered at risk for
myocardial ischemia, and any obstruction to coronary blood
flow should be evaluated preoperatively. The authors men-
tioned that procedures that produce a sudden drop in coronary
perfusion pressure, such as anesthesia or manipulation of cor-
onary orifices during coronary angiography, have led to acute
myocardial ischemia and procedure-related sudden death.

Sudden death in patients with Williams syndrome first was
described in 1961.14 In 1996, a series of 10 new cases with 9
previously reported cases was published,7 and the risk of sud-
den death in patients with Williams syndrome began to be more
widely appreciated. The age at death for these 19 patients
ranged from 1 month to 6 years. Of the 19 deaths, 11 were
associated with anesthesia (sedation) for cardiac catheteriza-
tion. The anesthetic management of these patients was not
discussed. Two patients previously had been resuscitated from
severe bradycardia or cardiac arrest during general anesthesia
for hernia repair. Three patients died at home. The presenting
symptoms of patients who were monitored at the time of arrest
were hypotension, bradycardia, and cardiac arrest. Necropsy
findings often included recent and remote myocardial infarc-
tion, moderate-to-severe SVAS, abnormally placed or ob-
structed coronary ostia, and coronary artery stenosis. Predictors
of sudden death were ST depression on a previous electrocar-
diogram and severe bilateral outflow tract obstruction. Three
patients with Williams syndrome who died of an acute myo-
cardial infarction after cardiac catheterization had no previous
electrocardiographic evidence of ischemia or infarction, how-
ever. The degree of SVAS was believed to be a poor predictor
of coronary stenosis.

There is scant mention of the risk of severe coronary artery
disease in patients with Williams syndrome in the anesthesiol-
ogy literature. There are 3 case reports describing the success-
ful anesthetic management of patients with Williams syndrome.
The first was a 10-year-old patient who underwent repair of
SVAS and a diffusely hypoplastic ascending aorta, aortic arch,
and proximal descending aorta using a period of deep hypo-
thermic circulatory arrest.1 A second report described intraop-
erative transesophageal echocardiography monitoring in a 15-
year-old patient for aortoplasty to relieve SVAS.2 Coronary
revascularization was required to wean that patient successfully
from CPB. The third patient was a 21-year-old who underwent
magnetic resonance angiography for evaluation of multiple
murmurs on physical examination.3 The patient could not co-
operate for a transthoracic echocardiogram, and the condition
of the coronaries was unknown. Etomidate, atracurium, nitrous
oxide, sevoflurane, and remifentanil were used for 2 hours of
uneventful anesthesia. In all 3 of these case reports, the only
mention of significant coronary artery disease is reference to
another report of a case of an acute myocardial infarction in a
child with Williams syndrome.5

The first case reported here is similar to other reported
cases.6,7 The sudden deterioration, rapid downhill course, and
lack of response to resuscitation suggest a coronary event as the
cause of death.

The mechanism of death in the second case likely was
related to the abnormality of coronary ostia and the presence of
severe left ventricular hypertrophy. Onset of hypertension and
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tachycardia after administration of ketamine and pancuronium
bromide likely altered a delicate balance between myocardial
oxygen supply and demand, with the production of myocardial
ischemia. The authors prefer to use these agents for most of
�500 pediatric cardiac operations performed yearly at this
institution because of the hemodynamic stability they provide
during the anesthetic induction, especially in patients with
cyanosis or congestive heart failure. Ketamine is relatively
contraindicated, however, for the anesthetic induction of pa-
tients with coronary insufficiency.15 The relatively low concen-
tration of isoflurane may have produced severe hypotension
and bradycardia in a patient with coronary insufficiency. Had
the authors been aware of the potential for coronary artery
involvement in patients with Williams syndrome and SVAS,
the anesthetic management in case 2 might have been changed
to include an opioid induction to avoid hypertension and tachy-
cardia.

In summary, there seems to be a small subset of patients with
Williams syndrome with severe coronary artery involvement
who are at high risk of death after the administration of seda-
tion or anesthesia. These patients may be scheduled for cardiac
catheterization, cardiac surgery, or noncardiac procedures, such
as inguinal herniorrhaphy. A thorough cardiac evaluation, in-
cluding coronary angiography for all patients with Williams
syndrome coming for anesthesia and surgery, may identify
these high-risk patients. It remains to be seen if the anesthetic
management and outcome for these high-risk patients can be
improved by using anesthetic regimens similar to those used for
adult patients with severe coronary artery disease.
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