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Abstract

The classical clinical and physical findings of Williams syndrome 
include characteristic dysmorphic features, congenital heart disease, 
and distinctive behavioral and emotional traits. In addition to acquired 
and congenital heart disease, manifestations in the renal, endocrine, 
musculoskeletal, and central nervous system may have implications 
during the perioperative period. Of primary concern during periopera-
tive care is congenital and acquired heart disease as perioperative sud-
den death related to abnormalities of the coronary arteries has been 
reported. We present a 15-month-old child with Williams syndrome, 
who required anesthetic care for an emergent laparotomy due to an 
acute abdomen. The potential perioperative implications of Williams 
syndrome are discussed and previous published reports are reviewed.

Keywords: Williams syndrome; Perioperative care; Chromosome; 
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Introduction

Williams syndrome was initially described in 1961 by Williams 
et al [1]. It is now known that Williams syndrome is caused by 
a 1.5 megabase deletion on the long arm of chromosome 7 
(7q11.23), which includes several genes, including the elastin 
gene (ELN) [2, 3]. The reported incidence is approximately 1 
in every 20,000 - 50,000 live births [4]. Typical clinical char-
acteristics include developmental delay, characteristic elfin 
faces, distinctive emotional and behavioral traits, congenital 
heart disease, and idiopathic infantile hypercalcemia. In ad-
dition to the associated congenital heart disease, abnormali-
ties of the coronary arteries have been described which may 

lead to coronary ischemia, arrhythmias, myocardial infarction, 
and sudden death. Congenital malformations may also in-
volve ocular, auditory, dental, genitourinary, gastrointestinal, 
and musculoskeletal systems [5-7]. As a result of the multi-
organ system involvement, anesthetic care may be necessary 
during various surgical or imaging procedures. We present a 
15-month-old child with Williams syndrome who required an-
esthetic care during an emergency exploratory laparotomy for 
an acute abdomen. The potential perioperative implications of 
Williams syndrome are discussed and previous published re-
ports are reviewed with a focus on the potential for sudden 
death.

Case Report

Institutional Review Board approval for publication is not re-
quired for single case report at Nationwide Children’s Hos-
pital (Columbus, OH). A 15-month-old, 7.4 kg toddler pre-
sented to the emergency room from an outside hospital with 
fever, tachycardia, and abdominal tenderness with guarding. 
Her past medical history was significant for premature deliv-
ery at 32 weeks with intrauterine growth retardation followed 
by 3 weeks in the neonatal intensive care unit. A diagnosis of 
Williams syndrome was made at 10 months of age when the 
patient’s mother began noting a regression in developmental 
milestones and she brought her daughter in for evaluation. 
The diagnosis was made based on characteristic facial fea-
tures, supravalvar aortic stenosis, and peripheral pulmonary 
stenosis. The diagnosis was confirmed with a single nucleo-
tide polymorphism (SNP) microarray. Associated conditions 
included developmental delay, hypotonia, hypokalemia, hy-
percalcemia, nephrocalcinosis, hypomagnesemia, severe bi-
lateral peripheral pulmonary artery stenosis, and moderate 
supravalvar stenosis. The family history was incomplete, but 
available information was negative for other known birth de-
fects, genetic diseases, intellectual disability, or learning dis-
orders. Her last echocardiogram was performed in December 
2015 which showed moderate bilateral peripheral pulmonary 
artery stenosis, mild supravalvar aortic stenosis, and a patent 
foramen ovale. Chamber sizes were noted to be normal along 
with right and left ventricular systolic function. No pericardial 
effusion was seen. Preoperative laboratory findings revealed 
normal blood urea nitrogen and creatinine. Hypokalemia was 
present with a potassium of 2.7 mmol/L. The hemoglobin was 
10.0 g/dL and the hematocrit was 29.2%. Based on the clinical 
and laboratory findings, it was decided that there was an intra-
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abdominal process causing an acute abdomen. Prior to trans-
port to the operating room, an echocardiogram was performed 
which showed severe bilateral peripheral pulmonary artery 
stenosis, moderate supravalvar aortic stenosis with a mean 
gradient of 19 mm Hg, normal chamber sizes, normal right 
and left ventricular systolic function, and no pericardial effu-
sion. Antibiotics to cover the intra-abdominal process (cipro-
floxacin and metronidazole) were administered intravenously 
and the patient was transported to the operating room. Routine 
American Society of Anesthesiologists (ASA) monitors were 
placed. An intravenous rapid sequence induction was per-
formed with the administration of midazolam (1 mg), fentanyl 
(25 µg), and rocuronium (10 mg). After loss of consciousness, 
cricoid pressure was applied and the trachea was intubated eas-
ily with a 4.0 mm cuffed tube. Following anesthetic induction 
and endotracheal intubation, a left radial arterial catheter and 
a second peripheral intravenous cannula were placed. Main-
tenance anesthesia included fentanyl and inhaled sevoflurane 
(expired concentration 2-4%). Neuromuscular blockade for 
the procedure was provided by rocuronium. No intraoperative 
complications were noted. Surgery resulted in an excision of a 
performed Meckel’s diverticulum. Total estimated blood loss 
was 15 mL. Fluids administered included 150 mL of Lactated 
Ringers. After the procedure, the patient was transported to the 
pediatric intensive care unit (PICU) with her trachea intubated. 
She was sedated and ventilation controlled. Total anesthesia 
time was 2 h 32 min. On postoperative day 0, the patient’s 
trachea was extubated in the PICU without incident. The re-
mainder of the postoperative course was unremarkable except 
for a slow return of gastrointestinal function and resumption of 
normal oral intake. The patient was discharged home on post-
operative day 10.

Discussion

In 1961, Williams et al reported four patients with supravalvar 
aortic stenosis, mental retardation, and a characteristic facies 
including broad forehead, wide-set eyes, drooping cheeks, and 
wide mouth [1]. Further studies on Williams syndrome have 
expanded the clinical findings to potentially include idiopathic 
infantile hypercalcemia, which can lead to gastrointestinal 
problems. Neurologic and behavioral characteristics may in-
clude attention deficit disorder, developmental delay, depres-
sion, and hyperacusis [7-11]. Due to the multisystem involve-
ment of Williams syndrome, anesthetic care may be necessary 
for various radiologic or surgical procedures. Of primary con-
cern during the perioperative care of these patients are previ-
ous reports of sudden cardiac death [4, 12-16]. Patients with 
congenital supravalvar aortic stenosis and associated periph-
eral pulmonary artery stenosis, the majority of whom have 
Williams syndrome, are at risk for development of myocar-
dial ischemia resulting in sudden death due to arrhythmias or 
ventricular dysfunction [17, 18]. The biventricular hypertro-
phy resulting from the stenotic aortic and pulmonary lesions 
increases myocardial oxygen consumption and compromises 
oxygen delivery. There may also be direct compromise of 
coronary blood flow related to abnormalities of the coronary 

vasculature.
As with all anesthetic care, the first step is a careful pre-

operative assessment of the patient. In our case, although there 
was an emergent need to proceed to the operating room, there 
was ample time to obtain a focused preoperative history and 
physical exam, echocardiogram, and 12-lead electrocardio-
gram with a focused history to obtain clinical findings com-
patible with coronary ischemia. Even in the absence of such 
clinical history, patients with Williams syndrome should be 
considered to be at risk for coronary ischemia and sudden 
death. As such, perioperative control of factors that determine 
myocardial oxygen delivery and consumption is suggested. 
Myocardial delivery is determined by heart rate, left ventricu-
lar end-diastolic pressure (LVEDP), and diastolic blood pres-
sure while myocardial oxygen demand is determined by heart 
rate, afterload, and LVEDP. Of primary importance is periop-
erative control of heart rate given its impact on both oxygen 
delivery and consumption.

During the perioperative care, a primary goal should be to 
maintain heart rate at an age-appropriate level. Vagolytic med-
ications including atropine, glycopyrrolate, and pancuronium 
as well as sympathomimetic medications such as ketamine 
should be avoided or used with caution given their effects on 
heart rate [16]. Although frequently chosen for rapid sequence 
intubation in patients with compromised myocardial perfor-
mance including congenital heart disease, the subsequent re-
lease of endogenous catecholamines following the administra-
tion of ketamine may lead to tachycardia as well as arrhythmias 
[17, 18]. Although the use of etomidate has been discouraged 
given its effects on the endogenous production of corticoster-
oids, the risk-benefit ratio of its use versus propofol or other 
induction agents should be considered especially in patients 
with clinically significant stenotic lesions [19-21]. Likewise, 
maintenance anesthesia should focus on the use of agents that 
provide effective control heart rate with limited effects on di-
astolic blood pressure. While there is limited evidence-based 
to medicine to demonstrate a clinical difference, the limited 
positive chronotropic effects of sevoflurane may be preferable 
to isoflurane or desflurane. Furthermore, sevoflurane has less 
of a vasodilatory effect which may provide better maintenance 
of diastolic blood pressure and systemic vascular resistance. In 
addition to its negative chronotropic effects, dexmedetomidine 
has been shown to have beneficial effects on the balance be-
tween myocardial oxygen consumption and delivery in animal 
models [22]. Should tachycardia occur or there be clinical or 
electrocardiographic evidence of myocardial ischemia, heart 
rate control with esmolol should be considered [23]. In our 
patient, a combination of fentanyl and sevoflurane was cho-
sen for anesthetic induction as well as maintenance anesthesia 
given their beneficial effects on heart rate and limited effects 
on diastolic blood pressure and systemic vascular resistance.

Craniofacial features can also impact the perioperative 
care of patients with Williams syndrome. A flattened midface, 
wide mouth, and poor dentition may lead to problems with 
mask ventilation and occasionally endotracheal intubation 
[6]. In our patient, there were no clinical features suggestive 
of problems with airway management and therefore a rapid 
sequence intubation was chosen to secure the airway given the 
presence of an intra-abdominal process.
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Table 1.  Previous Reports of Anesthetic Care for Children With Williams Syndrome

Authors and 
reference Demographics and surgical procedure Anesthetic care and outcomes

Horowitz 
et al [4]

Patient #1: a 6-year-old girl for cardiac  
catheterization

Sedation with IM meperidine, promethazine, and chlorpromazine. Twenty minutes 
after the procedure, the patient developed bradycardia, complete heart block, and 
ventricular fibrillation. There was no ROSC despite immediate resuscitation.

Patient #2: a 3-year-old girl for repair of  
SVAS

Patient with two cardiac arrests prior to cannulation for CPB. After repair of 
SVAS, there was ongoing evidence of myocardial ischemia despite coronary artery 
bypass grafting. LVAD was placed, but there was no recovery of postoperative  
cardiac function.

Gupta et 
al [12]

A 5-year-old boy for preoperative CT 
imaging prior to surgical repair of SVAS

Anesthesia with sevoflurane in oxygen followed by succinylcholine. One minute 
after Isovue® contrast was administered, there was loss of pulses, ST depression, 
and wide complex bradycardia. ACLS resuscitation included 100% oxygen 
ventilation, chest compressions, atropine, epinephrine, bicarbonate, vasopressin,  
and isoproterenol. No ROSC.

du Toit-
Prinsloo 
et al [13]

A 2-year-old boy presenting for 
extraction of teeth under anesthesia

Inhalation induction with sevoflurane. Tracheal intubation facilitated by alfentanil 
and propofol. Immediately after endotracheal intubation, the patient developed 
bradycardia and ST-segment elevation with cardiac arrest. CPR was started and 
defibrillation attempts were made by external defibrillator. There was no ROSC.

Upadhyay 
et al [14]

A 6-month-old girl presenting for  
cardiac catheterization

After anesthetic induction and endotracheal intubation, during the process of 
obtaining vascular access, femoral pulses weaker with a widening QRS complex 
and marked ST depression. This progressed to cardiac arrest. CPR was started with 
the administration of epinephrine, sodium bicarbonate, and calcium chloride.  
Patient was placed on ECMO.

Bird et 
al [15]

Patient #1: a 6-week-old boy presenting  
for inguinal hernia repair

During anesthetic induction, bradycardia and hypotension required CPR for 1 min. 
He was resuscitated and surgery was completed. The patient died suddenly at 6  
years of age.

Patient #2: a 9-month-old girl presenting  
for cardiac catheterization

During the induction of anesthesia, bradycardia developed and proceeded to  
cardiac arrest. No ROSC.

Patient #3: a 6-month-old girl presenting  
for cardiac catheterization.

Cardiac catheterization complicated by bradycardia and hypotension when 
attempting to enter the pulmonary artery. CPR and operative relief of outflow tract  
obstruction were unsuccessful.

Patient #4: a 10-month-old boy 
presenting for cardiac catheterization

After left ventriculography, complete heart block and hypotension developed. The 
boy was successfully resuscitated, but several hours later complete heart block,  
ventricular fibrillation, and cardiac arrest developed. No ROSC.

Patient #5: a 9-month-old boy presenting  
for cardiac catheterization

During cardiac catheterization, cardiac arrest occurred with the 
uninflated balloon in the left pulmonary artery. No ROSC.

Patient #6: a 2-year-old boy presenting 
for cardiac catheterization.

During catheterization for balloon angioplasty, hypotension, bradycardia, and 
ventricular fibrillation occurred. Resuscitative efforts were unsuccessful. The 
patient had a previous cardiac arrest during anesthesia for umbilical hernia repair.

Patient #7: a 21-month-old boy 
presenting for cardiac catheterization

During balloon dilation of the left pulmonary artery, hypotension and bradycardia 
occurred which progressed to full cardiac arrest. Resuscitation was unsuccessful.

Medley et 
al [17]

A 7-month-old presenting for surgical 
correction of subaortic and supravalvular  
aortic stenosis

Inhalation induction with sevoflurane and maintenance anesthesia of fentanyl. Cis-
atracurium for NM blockade. CPB anesthesia maintained by desflurane. Patient 
was weaned from CPB with dopamine and epinephrine. Maintenance anesthesia 
until end of procedure with desflurane in air/oxygen. No complications noted.

Bragg et 
al [32]

Patient #1: a 3-year-old boy for  
orchiopexy surgery.

Serial cardiac arrests occurred during induction with ST wave changes, 
bradycardia, hypotension, and pulseless electrical activity requiring full 
resuscitation twice. The surgery was cancelled and a heart catheterization was 
scheduled for the following day. The patient experienced several cardiac arrests 
during the cardiac catheterization and was placed on ECMO and was transferred  
for emergent cardiac surgery.

Monfared 
et al [33]

An 18-month-old boy presenting for  
adenotonsillectomy

Adenotonsillectomy was successfully performed. The patient was extubated 
and being transferred from the operating room table, he became cyanotic and 
bradycardic. CPR was initiated with atropine, epinephrine, volume boluses, and  
electric defibrillation. Resuscitation was not successful.
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The musculoskeletal system can also be affected in Wil-
liams syndrome patients. Joint laxity can result in contractures 
and variable degrees of hypotonia and muscle weakness have 
been reported. Variability in muscle fiber size and quantity of 
lipids stored can interfere with the effects of neuromuscular 
blockades with the potential of increasing the effects of these 
agents [17, 24, 25]. The potential for hypotonia may affect 
perioperative care, impacting decisions regarding the use of 
neuromuscular blocking agents (NMBAs), especially with 
regard to the safety of using succinylcholine and the poten-
tial for hyperkalemia [26]. Given the need for rapid sequence 
intubation and the anticipated duration of the procedure and 
clinical circumstances, rocuronium was chosen for our patient. 
In specific circumstances, rapid sequence intubation can be 
performed without NMBAs using a combination of propofol 
and remifentanil [27]. No prolongation of effect was noted; 
however, endotracheal intubation and mechanical ventilation 
were continued into the postoperative period and therefore no 
attempt was made to reverse neuromuscular blockade at the 
completion of the procedure with neostigmine. Alternatively, 
where available, sugammadex may provide an additional mar-
gin of safety for reversal of the neuromuscular blocking effects 
of rocuronium or vecuronium [28]. Several of previous reports 
of anesthetic care for patients with Williams syndrome have 
demonstrated the successful use of atracurium for the provi-
sion of short-term neuromuscular blockade [29-31].

Central nervous system (CNS) pathology and involve-
ment with Williams syndrome is quite variable. Develop-
mental delay, visuospatial deficits, and seizures have been 
reported. Endocrine and gastrointestinal involvements include 
gastrointestinal reflux which can be worsened in the presence 

of hypercalcemia. Side effects of these endocrine and gastro-
intestinal issues include abdominal pain, poor feeding, emesis, 
constipation, failure to thrive, and irritability that can progress 
to hypercalciuria, nephrocalcinosis, and abnormal electrocar-
diograms. Hypothyroidism occurs in approximately 10% of 
Williams patients [18]. Renal involvement is frequently seen 
presenting as elevated plasma creatinine and blood urea nitro-
gen, hypercalcemia-induced nephrocalcinosis, and renovas-
cular hypertension. Reported structural abnormalities include 
renal aplasia, horseshoe kidney and renal cysts. Preoperative 
laboratory evaluating of renal function and a urinalysis are 
suggested prior to anesthetic care.

Previous reports of anesthetic care for Williams syndrome 
are summarized in Table 1 [4, 12-15, 17, 32-38].

Reducing the risk of myocardial ischemia is key when 
planning the anesthetic technique for these patients. Burch et 
al provided the following suggestions for anesthesia goals in-
cluding preservation of sinus rhythm, avoidance of anesthetic 
drugs that may cause or worsen ischemia as well as maintain-
ing systemic vascular resistance, preload, and contractility [16]. 
Anesthetic agents should be chosen to optimize the balance be-
tween oxygen delivery and consumption. The tenuous nature 
of these patients and importance of controlling these factors is 
exemplified by reports of sudden death during anesthetic care 
and procedural sedation. In many of the reported cases, the pa-
tients rapidly deteriorated from hypotension or bradycardia to 
asystole. Many did not respond despite aggressive and appro-
priate resuscitative measures. The timing of such problems has 
been noted before the procedure began, during the procedure, 
and after what appeared to be a successful completion. The pre-
operative evaluation should include an electrocardiograph and 

Authors and 
reference Demographics and surgical procedure Anesthetic care and outcomes

Janna [34] An 8-year-old boy presenting for  
emergent laparotomy

Patient was premedicated with intranasal dexmedetomidine followed by anesthetic 
induction with IV thiopentone, fentanyl, and atracurium. Anesthesia maintained 
with sevoflurane. Intraoperative tachycardia managed with esmolol. Patient was 
admitted to the PICU postoperatively and was discharged with no complications.

Asegaonkar 
et al [35]

A 3.5-year-old female presenting for  
cleft palate repair

Topical local anesthetic cream, antibiotic, and injection of tranexamic acid prior to 
induction. Anesthetic induction with fentanyl, midazolam, propofol, ketamine, and 
atracurium. Maintenance anesthesia with nitrous oxide, isoflurane, and atracurium. 
One episode of tachycardia was treated with fentanyl and deepening of anesthesia  
with isoflurane. No perioperative complications.

Sahin et 
al [36]

A 5-month-old male infant presenting 
for inguinal hernia repair

Anesthetic induction with sevoflurane and nitrous oxide. 
Maintenance anesthesia with sevoflurane in a nitrous oxide 
and IV fentanyl. No postoperative complications.

Boncagni 
et al [37]

A 12-year-old girl presenting for 
correction thoracic kyphoscoliosis

Anesthetic induction with fentanyl and propofol. Maintenance anesthesia with 
sevoflurane and remifentanil. Correction of original kyphoscoliosis was impossible  
due to excessive rigidity of the spine. No other complications noted.

Kawahito 
et al [38]

A 15-year-old girl presenting for  
aortoplasty for SVAS

Premedication with atropine and midazolam. Anesthesia induced with fentanyl and 
thiamyal. Maintenance anesthesia with nitrous oxide, oxygen, sevoflurane, and 
fentanyl. Neuromuscular blockade with vecuronium. Weaned from CPB with  
dopamine and prostaglandin E1. Postoperative course was uneventful.

IM: intramuscular; ROSC: return of spontaneous circulation; SVAS: supravalvular aortic stenosis; LVAD: left-ventricular assist device; CPB: cardio-
pulmonary bypass; CPR: cardiopulmonary resuscitation; ECMO: extracorporeal membrane oxygenation; PICU: pediatric intensive care unit; NM: 
neuromuscular.

Table 1.  Previous Reports of Anesthetic Care for Children With Williams Syndrome - (continued)
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echocardiogram as well as consultation with pediatric cardiol-
ogy as time permits. A pediatric anesthesiologist with training 
or experience in cardiac anesthesia is suggested. Care should 
be provided in an institution where postoperative PICU care is 
feasible. Patients should be closely monitored postoperatively 
to ensure homeostasis during surgical recovery. When treating 
high risk patients with severe cardiovascular disease, a site with 
extracorporeal membrane oxygenation (ECMO) capabilities 
should be used. Standard ASA monitoring should be performed 
on all patients and given the rapid onset and progression of 
hemodynamic changes, invasive arterial blood pressure moni-
toring is suggested for prolonged or major surgical interven-
tions. There should be resuscitation medications readily avail-
able including epinephrine, phenylephrine, and esmolol.
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