
9 2 6 Bird et aL The Journal of Pediatrics 
December 1996 

Sudden death in Williams syndrome: Report of ten 
cases 

Lynne M. Bird, MD, Glenn F. Billman, MD, Ronald V. Lacro, MD, 
Robert L. Spicer, MD, Lena K. Jariwala, MD, H. Eugene Hoyme, MD, 
Rolando Zamora-Salinas, MD, Colleen Morris, MD, 
David Viskochil, MD, Phb, MaureenJ. Frikke, MD, and 
Marilyn C. Jones, MD 
From the Divisions of Dysmorphology, Pathology, Cardiology, Children's Hospital, and the 
Medical Examiner's Office, San Diego, California; the Department of Cardiology, Children's 
Hospital, Boston, Massachusetts; the Sections of Medical and Molecular Genetics and Car- 
diology, Steele-Memorial Children's Research Center, University of Arizona, Tucson; the De- 
partments of Pediatrics and Pathology and Laboratory Medicine, University of Nevada 
School of Medicine, Las Vegas; the Division of Medical Genetics, Department of Pediatrics, 
University of Utah, Salt Lake City; and the Office of the Medical Examiner, Utah Department 
of Health, Salt Lake City 

Williams syndrome (WS) is a recognizable pattern of malformation with mental re- 
tardation, mild growth deficiency, characteristic facies and temperament, and 
cardiovascular disease. Sudden death is a recognized complication of WS; how- 
ever, it is thought to be rare. The clinical features of 10 children with WS who died 
suddenly are reported here, doubling the number of unexpected deaths reported 
in the literature. We suggest that sudden death is a more common complication 
than has been assumed previously. Pathologic findings on the seven autopsy 
cases implicate two anatomic abnormalities that predispose individuals with WS 
to sudden death: coronary artery stenosis and severe biventricular outflow tract 
obstruction. The mechanisms for sudden death for both anatomic subgroups in- 
clude myocardial ischemia, decreased cardiac output, and arrhythmia. We be- 
lieve these observations warrant the development of strategies for monitoring 
patients with WS in an attempt to identify those at increased risk of sudden death. 
(J Pediatr 1996; 129:926-31 ) 

Williams syndrome is a recognizable pattern of malforma- 

tion with mental retardation, mild growth deficiency, char- 
acteristic facies and temperament, and cardiovascular dis- 
ease. 1,2 Although sudden death in this condition was 

reported initially in 1961, 3 it is thought to be a rare occur- 
rence, with only nine cases documented in the literature. 3-8 
The sudden deaths of three children within 28 months in a 
single large community prompted a brief report at a regional 
pediatrics meeting. Several colleagues in clinical genetics 
then informed us of similar cases. Ultimately, we collected 
the cases of a total of 10 children with WS who died sud- 
denly, on whom this report is based. Pathologic evaluation 
of the cases of seven children suggests that two different, but 
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not mutually exclusive, anatomic abnormalities predispose 
individuals with WS to this catastrophic complication. For 
both of these anatomic subgroups, the mechanism of sudden 
death probably involves a combination of myocardial ischemia, 
impaired cardiac output, and arrhythmia. The purpose of this 

I SVAS Supravalvar aortic stenosis 
WS Williams syndrome 

report is to emphasize the frequency of sudden death in WS 
and suggest strategies that may identify at-risk individuals. 

CASE R E P O R T S  
Patient 1. This boy died suddenly (in 1993, San Diego) at age 

6 years. The diagnosis of WS, made by a dysmorphologist when the 
patient was 20 months of age, was based on facial features, growth 
retardation, developmental delay, and typical behavior. At age 6 
weeks, during the induction of anesthesia for inguinal hernia repair, 
the patient had bradycardia and hypotension requiring closed-chest 
compressions for 1 minute. He successfully underwent inguinal 
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herniorrhaphy at age 5 months and orchiopexy and umbilical 

hernion-haphy at age 2 years. 
Supravalvar pulmonary stenosis was diagnosed at age 10 months. 

At age 6 years, an electrocardiogram showed depressed ST 
segments, indicative of myocardial ischemia. An echocardio- 
gram demonstrated mild supravalvar pulmonary narrowing and 

trivial supravalvar aortic stenosis. Eight months later the patient 
had a cardiac arrest at home, from which he could not be resusci- 
tated. 

Necropsy (heart-lung only) documented dilated ischemic cardi- 
omyopathy with subtotal fibrous obliteration of both coronary ar- 
tery ostia. The ostia were superiorly displaced just beneath the si- 
notubular ridge. Recent and remote myocardial infarcts were seen 
grossly and microscopically. There was no SVAS; pulmonary ar- 
tery stenosis was mild. ELASTIN gene deletion was confirmed by 
fluorescent in situ hybridization of cultured fibroblasts. 

Patient 2. This 9-month-old girl died (in 1991, San Diego) dur- 
ing cardiac catheterization. The diagnosis of WS, made by a dys- 
morphologist when the patient was 8 months of age, was based on 
facial features, developmental delay, and cardiac disease. A murmur 
was appreciated for the first time when the patient was 8 months of 
age. Shortly afterward, she was hospitalized for an episode of pal- 
lor, poor perfusion, and respiratory distress. An echocardiogram 
demonstrated mitral valve prolapse with insufficiency, thickened 
and echogenic papillary muscles, and mild ascending aortic hypo- 
plasia. Holter monitoring showed ST-segment depression with 
rapid heart rates, which suggested coronary artery insufficiency. 
During induction of anesthesia for cardiac catheterization, brady- 
cardia developed and then evolved into full cardiac arrest, from 
which the patient could not be resuscitated. 

Necropsy (heart-lung only) revealed moderate SVAS of the 
hourglass type (Figure), a dysplastic aortic valve, short mitral valve 
chordae tendinae, and a stenotie left coronary artery ostium that was 
superiorly displaced just below the sinotubular ridge. There were 
recent and remote myocardial infarcts and papillary muscle fibrosis 
and calcification. 

Patient 3. This girl died (in 1984, Boston) at 6 months of age 
during cardiac catheterization. The diagnosis of WS had been made 

at age 5~ months by a team of cardiologists on the basis of typical 
facies, grow~L retardation, and cardiac disease. A cardiac murmur 
was heard at 5~ mouths, and an echocardiogram revealed moder- 
ate valvar pulmonary stenosis and severe SVAS. Cardiac catheter- 
ization was complicated by bradycardia and hypotension when an 
attempt was made to enter the pulmonary artery. Cardiopulmonary 
resuscitation and operative relief of the outflow tract obstructions 
were unsuccessful. 

Necropsy revealed diffuse thickening involving the pulmonary 
artery and valve, the aortic valve, and the coronary arteries, and se- 
vere SVAS of the diffuse type. The lumens of the coronary arteries 
were reduced in caliber, and the entire aortic wall was massively 
thickened (internal diameter, 3 ram). There was multifocal myo- 
cardial necrosis in the right atrium and ventricle that antedated the 
acute arrest. 

Patient 4. This 4-year-old girl collapsed and died (in 1993, Salt 
Lake City) while playing. The diagnosis of WS, made by a 
dysmorphologist when the girl was 2 years of age, was based on 
growth retardation, developmental delay, facial features, and typi- 

Figure. Supravalvar aortic stenosis evident as circumferential 
band (large arrows) in the region of the sinotubular ridge and cres- 
cent-shaped coronary artery ostium (open arrow) displaced superi- 
orly just below the ridge. 

cal behavior. At 27 months of age, an echocardiogram showed mild 
SVAS. At 3 years there was a grade 2/6 murmur in the aortic re- 
gion, and carotid bruits were appreciated bilaterally. At 4 years of 

age the child collapsed during active play outdoors and convulsed 
for approximately 1 minute. Resuscitation in an emergency depart- 
ment was unsuccessful. 

Necropsy revealed no significant pulmonary artery stenosis or 
SVAS. The coronary arteries had focal areas of stenosis resulting 
from intimal fibrosis and muscular hypertrophy. The left common 
carotid artery was pinpoint in diarneter. The papillary muscles were 
fibrotic with dystrophic calcification. An area of subendocardial fi- 
brosis with trapped myocytes was found. 

Patient 5. This 10-month-old boy died (in t994, Sacramento) 
shortly after cardiac catheterization. The diagnosis of WS, made 
by a clinical geneticist when the boy was 3 months of age, was 
based on facial features, growth retardation, and cardiac disease. 
A cardiac murmur was noted at 7 weeks of age during an epi- 
sode of bronchiolitis caused by respiratory syncytial virus. Echo- 
cardiography revealed mild SVAS, mild branch pulmonary artery 
stenosis, and a small ventricular septal defect. ELASTIN gene de- 
letion was confirmed on lymphocytes. A follow-up echocardio- 



9 2 8 Bird et al. The Journal of Pediatrics 
December 1996 

Table. Will iams syn d rom e  and sudden death 

Clinical data Necropsy data 

Age at E las t in  Anesthetic Coronary Position of 
Case death deletion agent LVOTO RVOTO ECG LVOTO RVOTO Ischemia stenosis CA ostium 

Present study 

1 6 yr Yes - -  - -  + D - -  + + + Abnormal 
2 9 mo ND Ketamine + - -  D ++ - -  + + Abnormal 
3 6 mo ND +++ +++ - -  ++ ++ + + Normal 

Valium 

4 4 yr ND - -  + - -  - -  - -  + +(d) Normal 
5 10 mo Yes Chloral hydrate, ++ + + + + +(d,o) Normal 

morphine 

6 2 mo Yes - -  ++ + - -  +++ +++ - -  - -  Normal 
7 9 mo ND Morphine, midazolam + +++ - -  ++ ++ - -  - -  Obstructed 
8 2 yr ND Halothane - -  +++ - -  

9 21 mo ND Meperidine, phenergan, ++ +++ D 
thorazine 

10 t mo Yes - -  ++ ++ I 
Ref 3 19 mo ND - -  - -  + + __ + 
Ref 4 15 yr ND - -  D 

Ref 5 16 mo ND Morphine ++ +++ T ÷+ ++ + + Normal 
Ref 6 16 mo ND Yes (agents unreported) +++ + - -  + + 
Ref 6 5 yr ND Yes (agents unreported) ++ + - -  +++ + + 
Ref 6 8 mo ND Yes (agents unreported)* ++ ++ - -  + + 

Ref 7 3 yr ND - -  + ++ L +++ + + - -  Obstructed by 

fused cusp 
Ref 8 5 yr ND Yes (agents unreported) ++ + - -  + 
Ref8 18 mo ND - -  ++ + + + 

+, Mild; ++, moderate; +++, severe; LVOTO, left ventricular outflow tract obstruction; RVOTO, right ventricular outflow tract obstruction; ECG, electrocardio- 
gram; CA, coronary artery; d, diffuse; D, depressed ST segments; L infarct; L, Left axis deviation; o, ostial; ND, not done; T, T-wave inversion. 
*Death occurred 72 hours after catheterization. 

gram at 9 months of age revealed severe SVAS, prompting cardiac 

catheterization, which showed a 70 mm Hg gradient across the 

left ventricular outflow tract. Shortly after left ventriculography 

was performed, complete heart block and hypotension developed. 

The boy responded to resuscitation, but several hours later, 

complete heart block, ventricular fibrillation, and cardiac arrest 

developed. He could not be resuscitated despite aggressive mea- 

sures. 

Necropsy revealed a 2 mm membranous ventricular septal defect, 

right pulmonary artery branch stenosis, supravalvar aortic stenosis 

(hourglass plus diffuse), and coronary artery stenosis. The reduction 

of the aortic lumen caliber extended into the right brachiocephalic, 

left common carotid, and left subclavian arteries. Papillary muscle 

necrosis and fibrosis with dystrophic calcification were evident mi- 

croscopically, and there were multiple foci of myofiber necrosis in 

the left ventricular subendocardium. 

Patient 6. This boy died suddenly (in 1993, San Diego) at age 

2~ months. The diagnosis 'of WS was made at necropsy by an as- 

tute pathologist who noted facial dysmorphism in association with 

typical cardiac anomaly. Systolic and diastolic murmurs were heard 

at 2 months. An echocardiogram showed biventricular hypertrophy 

with normal myocardial function, peripheral pulmonary stenosis, 

thickened aortic valve leaflets, and moderate SVAS. Approximately 

1 week later, the boy was found dead in bed. 

Necropsy examination disclosed biventricular hypertrophy, mod- 

erately severe supravalvar pulmonary stenosis (immediately distal 

to the valve), moderately severe hourglass SVAS, and branch pul- 

monary artery hypoplasia. The coronary artery ostia were normal 

in position and caliber. There was no evidence of acute or chronic 

ischemia despite an extensive histologic search. ELASTIN gene de- 

letion was confirmed on cultured fibroblasts. 

Patient 7. This 9-month-old boy died (in 1992, Boston) dur- 

ing cardiac catheterization. The diagnosis of WS, made when the 

patient was 3 months of age by a team of cardiologists, was based 

on facial dysmorphism and cardiac disease. A murmur was noted 

on the first day of life, and moderate pulmonary stenosis was de- 

tected by echocardiography. Catheterization at 3 months of age 

showed mild SVAS (30 mm Hg gradient) and severe bilateral pul- 

monary artery stenosis associated with systemic right ventricular 

pressure. Balloon dilation of the right and left pulmonary arteries 

reduced right ventricular pressure from 100 to 65 mm Hg. When t h e  

boy was 9 months of age, an echocardiogram showed SVAS (40 

mm Hg gradient) and supravalvar pulmonary stenosis (30 mm Hg 

gradient). During catheterization 2 days later, cardiac arrest oc- 

curred with the uninflated balloon catheter in the left pulmonary ar- 

tery. Resuscitation was unsuccessful. 

Necropsy revealed biventricular hypertrophy, thickened aortic 

and pulmonary valve leaflets, SVAS (diffuse type), right and left 
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pulmonary artery stenoses, and diffuse wall thickening of the aortic 
arch and brachiocephalic vessels. The thickened aortic valve and the 
ridge of SVAS effectively formed a shelf that compromised the left 
coronary artery ostium; however, the coronary arteries themselves 
were normal. Microscopically, there was no evidence of myocardial 
ischemia. 

Patient 8. This 2-year-old boy died (in 1993, Tucson) during 
cardiac catheterization. The diagnosis of WS, made by a dysmor- 
phologist when the patient was 2 years of age, was based on devel- 
opmental delay, cardiac disease, a history of hernias and feeding 
problems, and facial features. A murmur was heard shortly after 
birth in Mexico. At age 5 months, the patient had a cardiac arrest 
during anesthesia for umbilical hernia repair. At 22 months, he be- 
gan to have ,episodes of apnea, cyanosis, and fainting that were 
treated with mouth-to-mouth resuscitation by his mother. His first 
admission to a U.S. hospital occurred after one of these episodes at 
age 2 years. 

Cardiac catheterization showed severe peripheral pulmonary ar- 
tery stenosis, right ventricular hypertrophy, and severe mitral valve 
regurgitatien. Three weeks later, during catheterization for balloon 
angioplasty, hypotension, bradycardia, and ventricular fibrillation 
occurred; response to resuscitative efforts was poor. Operative re- 
lief of right wmtricular outflow tract obstruction was attempted, but 
the patient could not be weaned from bypass. Necropsy was 
declined. 

Patient 9. This 21-month-old boy died (in 1984, Boston) during 
cardiac catheterization. The diagnosis of WS, made by a team of 
cardiologists when the boy was 19 months of age, was based on fa- 
cial features, friendly personality, and typical cardiac lesions. A 
murmur, thought to represent valvar pulmonary stenosis, was heard 
in infancy. At 18 months of age, catheterization showed severe pe- 
ripheral pulmonary stenosis and moderate SVAS. There was 
ST-segment depression when the catheter was passed retrograde 
into the left ventricle, but the coronary arteries appeared normal an- 
giographically. Three months later, during balloon dilation of the 
left pulmonary artery, hypotension and bradycardia occurred and 
progressed to full arrest. Resuscitation was unsuccessful; necropsy 
was declined. 

Patient 10. This 1-month-old boy died (in 1994, Las Vegas) 
during infection with respiratory syncytial vires. The diagnosis of 
WS, made by a dysmorphologist when the boy was 17 days of age, 
was based on facial dysmorphism, hoarse cry, inguinal hernia, and 
cardiac disease. A murmur was noted at age 11 days, and an elec- 
u-ocardiogram demonstrated right ventricular hypertrophy and 
nonspecific ST-T wave changes. An echocardiogram showed 
bicuspid aortic valve with mild stenosis, hypoplasia of the ascend- 
ing aorta, supravalvar pulmonary stenosis, mild valvar pulmonary 
stenosis, and biventricular hypertrophy. Cardiac catheterization 
showed diffuse hypoplasia of pulmonary arteries, mild pulmonary 
valve stenosis, mild SVAS (23 mm Hg gradient), moderate aortic 
hypoplasia, small atrial septal defect, and severe biventricular hy- 
pertrophy. ELASTIN gene deletion was confirmed on lympho- 
cytes. 

At.age 27 days, after 4 days of nasal congestion, an emer- 
gency department visit was made for pallor and respiratory dis- 
tress. An ele, ctrocardiogram was consistent with inferior infarc- 

tion. An echocardiogram showed diminished teft ventricular 
function. Profound acidosis and bradycardia developed, and re- 
suscitation was unsuccessful. Culture of a nasal swab specimen 
was positive for respiratory syncytiat virus. Necropsy was de- 
clined. 

D I S C U S S I O N  

The number of reported cases of WS in which the patients 

have died suddenly is now 19. Although the method of 

ascertainment in this study does not allow estimation of 

the frequency of this complication, the number of cases that 

we collected with relative ease suggests that the risk of 

sudden death in WS is not insignificant. Moreover, Kece- 

cioglu et al. 9 documented at least a 3% incidence of sudden 

death in a series of 104 patients with WS followed for 30 

years. 

The Table summarizes the available clinical and autopsy 
data on all 19 cases. 38 Of these, 11 were associated with an- 

esthesia administered for catheterization. Although some 

fatalities were associated with catheter manipulation, others 

occurred before the procedure had begun or after apparently 

successful completion. 
Myocardial ischemia from coronary insufficiency has 

been the likely mechanism of sudden death in most of the 
previous cases in the literature. 4-6' 8 Seven of our patients 

were examined pathologically; of these, five had coronary 

artery stenoses and myocardial infarcts (Nos. 1, 2, 3, 4; and 

5). The presenting symptoms in those patients who have 

been monitored at the time of arrest are hypotension, brady- 

cardia, and eventual cardiac arrest. The mechanism of death 

appears to be impaired coronary perfusion leading to 

myocardial ischemia and infarction, followed by a drop 

in cardiac output. The degree of SVAS appears to be a 

poor predictor of coronary stenosis, because two of these 
patients (Nos. 1 and 4) lacked significant supravalvar 

obstruction. An arrhythmia generated by an ischemic myo- 

cardium is another possibility to explain some cases of sud- 

den death. 

An alternative mechanism needs to be invoked to explain 

cases 6 and 7. Despite an extensive histologic evaluation of 
the cardiac muscle and step sectioning of the coronary ar- 

teries, these patients had no coronary stenoses or evidence 
of prior myocardial ischemia, but they did have severe bilat- 
eral outflow tract obstruction. Lacro et al. 1° suggested that 

severe bilateral outflow tract obstruction associated with 

biventricular hypertrophy carries a significant risk of sudden 

cardiovascular collapse in the setting of hemodynamic stress. 
This acute decompensation probably involves a drop in car- 

diac output and resultant coronary insufficiency, causing 
myocardial ischemia that initiates a sequence of events sim- 

ilar to those created by a fixed coronary artery stenosis. The 
combination of coronary artery obstruction (either by steno- 
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sis or preostial occlusion) and biventricular outflow tract 
obstruction (cases 3, 5, and 7) may carry a very high risk of 

sudden death. 
Sudden death is a well-recognized complication of non- 

syndromic SVAS. This condition is a dominantly inherited 

single gene disorder that shares with WS similar cardiovas- 
cular abnormalities but lacks the cognitive, behavioral, and 
phenotypic abnormalities, it Pathologic changes involving 

the coronary arteries in patients with nonsyndromic S V A S  
who die suddenly include coronary artery stenosis, 12-16 di- 
lated and tortuous coronary arteries, 12, 17 and fusion of aor- 

tic cusps to the supravalvar ridge. 18' 19 Normal coronary ar- 

teries with no evidence of infarcts have also been reported 2° 

22; however, the rigor of the search for abnormalities in these 

cases is unclear. 
Abnormalities in elastin production are thought to be re- 

sponsible for the cardiovascular phenotype in both WS and 
nonsyndromic SVAS, so the similarity of coronary artery 
abnormalities is predictable. Both conditions link to the 
ELASTIN gene on chromosome 7. 23-26 Approximately 96% 

of patients with WS have a deletion involving one copy of 
the ELASTIN gene. 27, 28 A translocation and an intragenic 

deletion disrupting the ELASTIN gene have been docu- 
mented in nonsyndromic SVAS. 23, 29 

Because of the ubiquitous nature of the elastin protein, 
it is not surprising that some cases demonstrate wide- 
spread vascular involvement. Sharma et al.30 reported 

stenoses of brachiocephalic vessels in some of their SVAS 
patients, and Doty 31 suggested that the surgeon should think 
of SVAS as an anomaly involving the entire aortic root. Re- 
nal artery stenosis 32 and carotid artery stenosis 33' 34 have 
been reported in individuals with WS. Although the de- 
signation "SVAS"  is well entrenched in the medical liter- 
ature, we suggest that "elastin arteriopathy" more accu- 

rately conveys the spectrum of abnormalities that can be 

seen. 
Review of the antemortem clinical findings in our 10 cases 

suggests that it may be possible, with noninvasive methods, 
to identify subsets of patients with WS who are at increased 
risk of sudden death. Four of eight patients had abnormal- 
ities on an electrocardiogram or a Holter monitor indicating 
myocardial ischemia. Therefore stress electrocardiography 
or stress echocardiography may be valuable in following the 
myocardial health of children with WS. A displaced coro- 
nary artery was found in three of seven patients at necr~3psy; 
an echocardiographic correlate may be useful in delineating 
a higher-risk subset. Aortic outflow tract obstruction tends 
to progressy  '36 necessitating serial examination and 
echocardiograms for infants and children with WS. Individ- 
uals with WS should be regarded as at high risk during an- 
esthesia, particularly if there is bilateral outflow tract 

obstruction or evidence of myocardial ischemia. Prospective 
studies are needed to identify the precautions that should be 

taken during catheterization. 
This report emphasizes the increased risk of sudden death 

in WS. Further studies are needed to clarify the incidence and 
potential predictors of this complication and to define inter- 
vention strategies. 
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II,eal perforation caused by congenital or perinatal 
cytomegalovirus infection 

Yhu-Chering Huang, MD, Tzou-Yien Lin, MD, Chen-Sheng Huang, MD, and 
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Enteritis developed in a 42-day-old female infant, and during hospitalization ileal 
perforation occurred unexpectedly. Serologic data, urinary viral culture, and 
pathologic studies of the resected ileal segment all suggested cytomegalovirus 
infection. Gastrointestinal involvement in congenital or perinatal infection with this 
vifrus may be relatively more common than previously recognized. (J Pediatr 
1996; 129:931-4) 
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Cytomegalovims infection is common, whereas associated 
disease is relatively uncommon and usually occurs in 

immunocompromised patients. CMV infection is multisys- 
temic. In contrast to pneumonitis and hepatitis, gastrointes- 
final involvement is considered infrequent, and especially 

13 rare in infants with congenital or perinatal infection. - The 
involvement of the gastrointestinal tract may vary in location 


