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Objectives: LEOPARD syndrome is a rare congenital dis-

ease that can manifest with cardiac anomalies, multiple

lentigines, ocular hypertelorism, growth retardation, and

deafness. The purpose of this case series was to review the

most prominent comorbidities associated with LEOPARD

syndrome, and describe perioperative outcomes in a series

of patients undergoing anesthesia.

Design: Retrospective case series review

Setting: Tertiary care institution

Participants: Patients diagnosed with LEOPARD syn-

drome who underwent surgical procedures requiring anes-

thesia at this institution.

Intervention: The medical and anesthesia records of

patients with LEOPARD syndrome were reviewed. Demo-

graphic information, clinical features of LEOPARD syndrome,

comorbidities, intraoperative and postoperative events and

complications were recorded. A systematic literature review

also was conducted.
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Measurements and Main Results: Nine patients with LEOP-

ARD syndrome underwent 49 procedures under general anes-

thesia (n ¼ 40) or monitored anesthesia care (n ¼ 9). The

majority of operations were related to correction of cardiac

anomalies (n ¼ 20). The most common cardiac malformations

were ventricular septal hypertrophy and pulmonary (or subpul-

monary) stenosis, and major perioperative complications were

related to severe arrhythmias and/or cardiac decompensation.

Conclusions: Dominant pathology associated with perio-

perative complications in patients with LEOPARD syndrome is

related to cardiac disease. A large proportion of patients with

this condition have ventricular septal hypertrophy, which

tends to progress with age; therefore, these patients under-

going anesthesia should have recent cardiologist evaluation.
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LEOPARD syndrome (LS) is a very rare congenital multi-
system disorder characterized by multiple lentigines,

electrocardiographic (ECG) conduction abnormalities, ocular
hypertelorism, pulmonary valve stenosis (as well as other
abnormalities such as hypertrophic cardiomyopathy, aortic
stenosis, or mitral valve prolapse), abnormal genitalia, retarded
growth, and deafness. Clinical features of LS are listed in
Table 1. Although a total of approximately 200 cases of
patients with clinical features suggestive of LS have been
reported, the prevalence remains unknown.1

The clinical diagnosis commonly is based on Voron
et al’s2 recommendations, who suggested minimum diagnos-
tic criteria: Presence of multiple lentigines and 2 other typical
features (cardiac anomalies, ECG abnormalities, genitouri-
nary anomalies, endocrine disorders, neurologic defects,
typical craniofacial dysmorphism, short stature, skeletal
anomalies, and family history) or, in the absence of lenti-
gines, 3 typical features of LS and a first-degree relative with
LS.2 However, a definitive clinical diagnosis can be difficult
due to overlap of the typical phenotypic characteristics with
several genetic diseases such as Noonan syndrome, neuro-
fibromatosis type 1, Costello syndrome, and cardiofaciocuta-
neous syndrome, especially in young patients who may not
yet have developed lentigines. Patients may need to be
reevaluated as they grow older for the correct diagnosis.
Important characteristics that differentiate LS from other syn-
dromes are café-au-lait spots, lentigines, ventricular hyper-
trophy, and deafness.1

LS may occur sporadically but often is inherited as an
autosomal dominant trait.1 The location of the gene mutation
was detected in early 2000, and approximately 85% of patients
with LS were found to have a missense mutation in the
PTPN11 gene on chromosome 12q24.1.1 Specifically,
the majority of mutations occur in exons 7, 12, or 13 of the
PTPN11 gene, and this distinguishes LS from Noonan syn-
drome, which is caused by different mutations within the same
gene.3,4,5 Other less frequent gene mutations in LS are the
RAF1 and BRAF genes.3 The availability of genetic testing
allows confirmation of the clinical diagnosis of LS and its
distinction from clinically related syndromes such as Noonan
syndrome or neurofibromatosis type 1.

Since LS patients have substantial cardiac anomalies and
conduction disorders, anesthetic management may be associ-
ated with complications. However, because this syndrome is
extremely rare, perioperative management and outcomes infre-
quently have been reported. The authors aim was to describe
the LS-associated comorbidities, to review their implications
for perioperative management, and report perioperative out-
comes in 9 patients undergoing multiple procedures and
surgeries under anesthesia.

METHODS

This study was approved by the Institutional Review Board (IRB)
of Mayo Clinic, Rochester, MN. Consistent with Minnesota Statute
144.335 Subd. 3a. (d), the authors included only patients who had
provided authorization for research use of their medical records
(historically 495% of patients).6 A computerized search of the institu-
tional medical record databases from January 1, 1980 to December 31,
2010 was conducted to identify all patients with a clinical or genetically
confirmed diagnosis of LS. The records of patients with LS were
reviewed to select those who had any surgery or procedure under
anesthetic care in the authors’ institution.
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Table 1. Clinical Features of LEOPARD Syndrome1

Clinical Features Notes

Dermatologic Features

Multiple lentigines Dark-colored flat macules dispersed

across face and trunk

Appear during school age and increase

to adulthood

Café-au-lait spots Light-brown color pigmented

birthmarks

Cardiovascular System

Cardiac conduction
anomalies

Malignant arrhythmias and sudden

cardiac death

Prolonged QTc

Conduction defects

P-wave abnormalities

Repolarization abnormalities

Cardiac congenital
anomalies

Pulmonary valve stenosis

Subpulmonary infundibular stenosis

Left ventricular hypertrophy,

particularly septal hypertrophy with

outflow obstruction

Mitral valve prolapse

Aortic valve regurgitation

Atrial and ventricular septal defects

Coronary artery abnormalities

Facial Features Becomes more noticeable with age

Ocular abnormalities Hypertelorism

Palpebral ptosis

Other Dysmorphic ears, mandibular

prognathism, cleft palate, abnormal

dentition

Neurologic Defects Sensorineural deafness, hypotonia,

mild learning defects

Musculoskeletal features Short stature, spinal and thorax

anomalies (scoliosis) Pectus

carinatum

Pectus excavatum, hyperflexibility

Abbreviation: QTc, corrected QT interval.
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The clinical diagnosis of LS was confirmed from notes made by a
staff physician specializing in medical genetics, from cardiologist notes,
or from medical records provided to the authors from other medical
centers. Records were reviewed for demographics, clinical features of
LS such as presence of multiple lentigines or café au lait spots, ocular
hypertelorism, electrocardiographic abnormalities, pulmonary valve
stenosis, ventricular hypertrophy, or any other cardiac malformation,
genital and urinary tract anomalies, developmental delay, and sensor-
ineural hearing deficits. When available, the authors also reviewed the
familial history for the presence of LS. All other comorbidities,
unrelated to LS, also were recorded. Surgical and anesthesia records
were evaluated for the type of surgery or procedure, anesthetic
techniques (general v monitored anesthesia care) and duration of
anesthesia, aortic cross-clamp and cardiopulmonary bypass times, and
major intraoperative events and complications. The authors recorded
intraoperative and postoperative events: Use of vasopressor boluses to
maintain blood pressure, use of vasoactive drug infusion at the end of
cardiopulmonary bypass and its continuation in its intensive care unit,
need for defibrillation at the end of cardiopulmonary bypass, mechan-
ical ventilation extended beyond 8 postoperative hours, and planned
intensive care unit admissions. Furthermore, the authors also recorded
complications: The use of potent vasopressor infusions during
noncardiac surgery to maintain blood pressure, unplanned intensive
care unit admission, respiratory complications (atelectasis requiring
intervention or bronchoscopy), cardiac arrhythmias including defibril-
lation (not related to weaning from bypass), and need for return to
surgery to control bleeding. They recorded the length of hospitalization
and in-hospital mortality. Only descriptive statistics were used. Various
continuous variables (duration of anesthesia, cardiopulmonary bypass,
and hospital stay) were summarized with median and interquartile
range (IQR) or range.

A literature review was conducted to update the current knowledge of
this disease and to identify all available publications on the anesthetic
implications of patients with LS undergoing surgery. A comprehensive
search was made on MEDLINE (January 1, 1946 to May 13, 2013) and
EMBASE (January 1, 1988 to May 13, 2013) using the following text
words: Anesthesia, anesthetics, LEOPARD syndrome. The search was
limited to articles published in English only. Published articles and
selected bibliographies were reviewed for relevancy.

RESULTS

The authors identified 9 patients who underwent 49
procedures under anesthesia. All patients fulfilled clinical
criteria for the diagnosis of LS2, and 2 patients (Table 2, #1,
#7) had a confirmatory genetic test done outside the authors’
institution. Two patients had a relative with LS (#1, #5). All
patients had multiple lentigines, 8 had cardiac conditions (3
with pulmonary valve or subpulmonary stenosis [#1, #4, #7], 4
with ventricular hypertrophy [#2, #6, #8, #9], and 1 with both
pulmonary valve stenosis and ventricular hypertrophy [#3]), 2
had bilateral sensorineural deafness (#5, #9), and 4 had ocular
hypertelorism (#6, #7, #8, #9). The median (range) age at
diagnosis of LS was 28 (range, 3–45) years.

Some of the authors’ patients had additional cardiac
conditions such as atrial septal defect, patent foramen ovale,
aortic valve regurgitation, and high-grade atrioventricular
block. Figures 1 and 2 are echocardiographic images from 2
patients showing a hypertrophied left ventricular septum.
Patients with LS also may have right-sided cardiac anomalies
including right ventricular hypertrophy and subpulmonary
obstruction (Figure 3). (Videos 1-3 can be found as supple-
mental digital content that corresponds to Figures 1–3.)

Table 2 summarizes demographics and clinical characteristics
and Table 3 surgical and perioperative outcomes for the 9
patients. The types of procedures performed included cardiac
surgery (n ¼ 20), neurosurgery (n ¼ 7), interventional pain
procedures (n ¼ 6), vascular surgery (n ¼ 5), orthopedic surgery
(n ¼ 4), general surgery (n ¼ 3), urologic surgery (n ¼ 3), and
gastrointestinal endoscopy (n ¼ 1). Nine procedures were done
under monitored anesthesia care and 40 under general anesthesia.
The median duration of anesthetic exposure was 195 (IQR 102-
292) minutes. The median hospital stay was 4 (1-9) days.

Seven patients underwent 8 cardiac operations that required
cardiopulmonary bypass (CPB) (Table 3). The median aortic
cross-clamp and CPB times were 57 (IQR 43-82) and 85 (IQR
66-120) minutes, respectively. Seven of the authors’ 9 patients
experienced at least 1 perioperative complication. Most prom-
inent were (Table 3) atrial fibrillation (n ¼ 2), ventricular
fibrillation (n ¼ 3), bleeding (n ¼ 3), septic shock (n ¼ 1),
multisystem organ failure (n ¼ 1), and acute congestive heart
failure (n ¼ 1). Three patients had QTc greater than 500 ms.
Notably, 1 patient with severe obstructive hypertrophy of the
ventricular septum and progressive heart failure died. He was
on the heart transplant list, but in the interim, he underwent



Table 2. Demographics and Clinical and Surgical Characteristics of 9 Patients with LEOPARD Syndrome

Pt

Year of Birth,

Sex, Age at

Diagnosis Clinical Features of LS Other Comorbidities Echocardiogram Cardiac Symptomatology Electrocardiogram

1 1965, F, 30 Multiple lentigines; low-set prominent ears, down-slanting of

palpebral fissures, short neck with pterygium colli and

mandibular prognathism; pectus excavatum, scoliosis, joint

hypermobility.

Severe dynamic subpulmonary stenosis

(obstruction), severe RVH (RV systolic pressure ¼
97 mmHg, severe RA enlargement, LVH

Sinus bradycardia, 58 bpm, right axis deviation, ST and T wave

inversion and ST depression II, III, aVF, V1-V6, QTc 510 ms

2 1973, M, n/a Multiple lentigines; learning disabilities HCM (non-obstructive), severe PHTN, severe RVH,

severe RA enlargement, atrial septal defect; CHF

NSR, 85 bpm, paroxysmal ventricular complexes, non-specific

T wave abnormalities, slight ST depression anterolateral

leads, bi-atrial enlargement, biventricular hypertrophy, left

posterior fascicular block, QTc 466 ms

Cerebello-pontine angle schwannoma; hypertension; diabetes

mellitus.

3 1991, M, 6 Multiple lentigines and several café au lait spots; low-set

prominent ears, down-slanting of palpebral fissures and

broad facies; short stature.

Severe HCM, severe RVH, severe RVOT obstruction

(subpulmonary stenosis)

NSR, 62 bpm, paroxysmal atrial complexes, RA enlargement,

biventricular hypertrophy, non-specific ST abnormality;

QTc ¼ n/a

4 1952, M, 45 Multiple lentigines and café au lait spots; low-set prominent

ears, down-slanting of palpebral fissures, broad facies and

mandibular prognathism; bilateral cryptorchidism.

Normal left and right ventricular size, severe AV

regurgitation enlarged aortic annulus,

subpulmonary stenosis, moderate TR; history of

ventricular tachycardia

Sinus bradycardia, 41 bpm, 2nd degree AVN block with 2:1

conduction, RBBB, ST and T wave abnormalities. QTc

522 ms

5 1993, F, 3 Multiple lentigines; down-slanting palpebral fissures; bilateral

sensorineural deafness; decreased motor tone; hypoplastic

genitalia; global developmental delay.

Medical records indicate no clinical evidence of

cardiac anomaly

n/a

6 1970, F, 13 Multiple lentigines; PV stenosis (corrected elsewhere at age 2

with residual PR); ocular hypertelorism; pectus excavatum

and scoliosis. Asthma.

HCM (severe), severe subaortic stenosis, severe PV

regurgitation, PHTN, persistent foramen ovale

Sinus bradycardia, 52 bpm, RBBB, left anterior fascicular block,

LVH, ST and T wave abnormalities; QTc ¼ n/a

7 1968, M, 35 Multiple lentigines and several café au lait spots; low-set ears,

down-slanting palpebral fissures and ocular hypertelorism;

pectus excavatum and joint hypermobility; right

cryptorchidism. Atypical subpulmonary stenosis of RVOT

and PV aplasia (from cardiac catheterization report). Multiple

aneurysms of small arteries, mainly at the extremities.

(ECHO report after surgery for correction of

subpulmonary stenosis) MV prolapse with mild

MR, normal PV with no evidence of recurrent

RVOT obstruction

NSR, 71 bpm, bi-atrial enlargement, RBBB, left anterior

fascicular block. QTc 443 ms

8 1952, M, 35 Multiple lentigines; ocular hypertelorism; low grade

chondrosarcoma humerus; parathyroid adenoma.

HCM (apical variant), RVH, moderate PHTN,

myxomatous mitral valve with severe MR;

progressive CHF; pacemaker dependent;

episodes of non-sustained VT

Complete heart block with ventricular escape rhythm at 45

bpm; QTc ¼ n/a

9 1958, M, 26 Multiple lentigines and several café au lait spots; ocular

hypertelorism and down-slanting palpebral fissures; bilateral

sensorineural deafness; Type II Ehlers-Danlos syndrome;

traumatic paraparesis and neurogenic bladder; post-

traumatic seizures; OSA; CAD.

HCM (nonobstructive), with basal septal thickening,

LV diastolic dysfunction, normal RV size and

function

Sinus bradycardia, 52 bpm, Nonspecific T wave abnormalities,

QTc 420-513 ms (on various ECGs)

Abbreviations: AV, aortic valve; AVN, atrioventricular node; bpm, beats per minute; CAD, coronary artery disease; CHF, congestive heart failure; F, female; HCM, hypertrophic cardiomyopathy; LV,

left ventricular; LVH, left ventricular hypertrophy; M, male; MR, mitral regurgitation; MV, mitral valve; n/a, not available; NSR, normal sinus rhythm; OSA, obstructive sleep apnea; PHTN, pulmonary

hypertension; PR, pulmonary valve regurgitation; Pt, patient; PV, pulmonary valve; RA, right atrium; RBBB, right bundle branch block; RV, right ventricle; RVH, right ventricular hypertrophy; RVOT,

right ventricular outflow tract; TR, tricuspid regurgitation; TV, tricuspidal valve; VT, ventricular tachycardia.
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Fig 1. Transthoracic echocardiogram of the parasternal long-axis view in a 49-year-old male with nonobstructing ventricular hypertrophy

(2.1 cm). LA, left atrium, LV, left ventricle.
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mitral and tricuspid valve replacements to improve symptoms
related to progressive debilitating dyspnea. Postoperatively, he
developed bleeding, underwent 2 exploratory reoperations,
developed multisystem organ failure, and died on postoperative
day 11.
Fig 2. Transesophageal echocardiogram of the midesophageal aort

ventricular septal thickness in a 39-year-old male. LA, left atrium, LV, lef
DISCUSSION

To date, this is the only report that described perioperative
outcomes in a series of patients with LS. The majority of the
authors’ patients had cardiac anomalies that required major
corrective surgery and mostly to relieve either left or right
ic valve long-axis view demonstrating a nonobstructing increased

t ventricle.



Fig 3. Transesophageal echocardiogram with color Doppler imaging of a modified midesophageal aortic valve short axis view showing the

right ventricle, right ventricular outflow tract, and pulmonary valve. This image demonstrates flow through the severely obstructed right

ventricular outflow tract in a 43-year-old female. RV, right ventricle; RVOT, right ventricular outflow tract.
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ventricular outflow obstruction. Among 49 anesthetics, 7
patients developed major complications, mostly related to
cardiac arrhythmias. Expectedly, the majority occurred during
cardiac surgery but 1 after neurosurgery. There was 1 death in a
patient on the cardiac transplant list who underwent interim
major cardiac surgery.

The authors’ formal literature review identified 7 case
reports that described the perioperative course in patients with
LS.7–13 The first described a 15-year-old boy with ventricular
hypertrophy who underwent inhalation induction with halo-
thane and developed ventricular bigeminy that resolved with
discontinuation of halothane.7 The remaining 6 patients had an
uncomplicated perioperative course following neurosurgery,11

cardiac surgery,9–13 and dental procedures.8

Although LS represents a multisystem disorder, cardiac
disorders associated with this condition dominate the clinical
presentation and have primary importance for perioperative
management. Besides structural cardiac anomalies, LS patients
have a high propensity for arrhythmias and conduction
disturbances, some presumably related to prolonged QTc
interval.14 Structural heart abnormalities most commonly
encountered are pulmonary valve stenosis and left ventricular
hypertrophy mimicking primary HCM.15 In the authors’ series,
8 patients had severe cardiac anomalies, 5 had left ventricular
hypertrophy, and 4 had pulmonary valve or subpulmonary
stenosis (one patient had both).

The type and severity of cardiac anomalies determine anes-
thetic management, and since these patients have multisystem
abnormalities, they necessitate careful review of all organ systems
with particular attention to the presence of cardiac abnormalities.
For example, in the case of an uncorrected pulmonary valve or
subpulmonary infundibular stenosis, it is important to closely
monitor and maintain adequate right ventricular preload. However,
excessive fluid administration can induce acute right heart failure
and arrhythmias, especially in those with reduced cardiac function.
It is also crucial to avoid all triggers for pulmonary hypertension:
Hypothermia, acidosis, hypercarbia, hypoxia, pain, and high
ventilatory pressures.

Left ventricular hypertrophy, particularly septal hypertro-
phy, is a frequent and potentially life-threatening heart con-
dition in LS14,15 and was the most commonly encountered
cardiac malformation in the authors’ patients. Its severity
progresses with age, and if untreated, the rate of adverse
cardiac events and fatal outcomes may be high.15 The
progressive asymmetric ventricular hypertrophy frequently
involves the intraventricular septum, resulting in left ventricular
outflow tract obstruction in up to 40% of patients.3 In these
patients, the anesthesiologist must avoid drugs that increase
myocardial contractility and conditions that lead to increased
sympathetic response. Specifically, tachycardia and hypovole-
mia (hypotension) exaggerate the left ventricular outflow tract
obstruction; therefore, they should be avoided. In addition, it is
important to ensure that the serum potassium and calcium are
within normal limits because arrhythmias and conduction
abnormalities are common in these patients.9,14 Patients with
LS and progressive ventricular hypertrophy may be prone to
malignant arrhythmias, and, therefore, may need an internal
cardioverter-defibrillator.16



Table 3. Type of Procedures and Perioperative Complications in 9 Patients with LEOPARD Syndrome

Pt Procedure/Surgery Perioperative Events and ICU Admission Perioperative Complications

1 1. Coronary angiogram (MAC); 2.

Reconstruction of RVOT, myectomy, TV

repair, pericardial patch of infundibulum

(GA).

Procedures #1 & 2 done during same

hospitalization; transfused, VF after release

of cross clamp (defibrillation); planned ICU,

9 hours of postoperative mechanical

ventilation

Recurrent new-onset AF (#2) (postop)

2 1. Cardiac catheterization (GA); 2. Removal

herniated occipital lobe (GA); 3. External

ventricular drain insertion (GA, E);

4. Removal of cerebellopontine angle

tumor (GA); 5. Ventriculoperitoneal shunt

placement (GA).

1 unit of FFP Intraoperative hypotension and severe PHTN

requiring infusions of vasopressor and

prostaglandin to maintain perfusion (#4).

CHF (#4) (postop)

Procedures #2-5 within same hospitalization;

planned ICU: #2-5

3 1. Left ventricle septal myectomy, resection of

RVOT obstruction and pericardial

enlargement of RVOT (GA).

ICU; 42 hours of postoperative mechanical

ventilation

No complications

4 1. Pacemaker insertion (MAC); 2. AV

replacement and left ventricle septal

myectomy (GA); 3. Coronary angiogram

(MAC); 4. TV and PV replacements and

enlargement of RVOT (GA).

Procedures #3 & 4 done within same

hospitalization; Planned ICU: #2-4

VF during sternal split (internal defibrillation)

(#2).

VF after release of cross clamp (defibrillation)

(#2); off bypass on 2 inotropes (#4);

transfused (#2 & 3).

5 1. Gastroduodenoscopy for removal of

foreign body (GA, E)

No events No complications

6 1. LV septal myectomy, mid ventricular

resection and closure of foramen ovale

(GA).

Multiple blood transfusions/fresh frozen

plasma/platelets

VF during sternal split (internal defibrillation);

Postoperative bleeding chest tube

(protamine, DDAVP, blood products);

Atelectasis (bronchoscopy); AF

Off bypass on 1 inotrope; planned ICU,

33 hours of postoperative mechanical

ventilation

7 1. Cardiac catheterization (GA); 2. Relief of

infundibular PV stenosis (GA); 3. Repair of

brachioradial cubital aneurysm (GA); 4.

Evacuation of forearm hematoma (GA); 5.

Brachial artery aneurysm repair (GA); 6.

Angiogram (MAC); 7. Ulnar artery

aneurysm repair (GA).

Procedures #3 & 4 done during same

hospitalization; transfused (#2); planned

ICU: #3-5

Postoperative bleeding-evacuation of forearm

hematoma (#4)

8 1. Excision of humerus tumor (GA). 2. Insertion

of endocardial pacing wires (MAC, E). 3.

Transthoracic insertion of epicardial

pacemaker electrodes (GA, E). 4.

Implantation of pacemaker (MAC); 5. Cardiac

catheterization (MAC). 6. Parathyroidectomy

(GA); 7. Left ventricular myectomy and

endocardial excision and right ventricular

endocardial excision for relief of pulmonary

outflow obstruction; 8. Replacement of MV

and TV valves (GA); 9. Exploration of chest

for bleeding (GA; E twice).

Asystole preoperatively (#2) resuscitated Failed insertion of pacing wire with VF

(defibrillation) due to obliterated RV with

hypertrophied muscle (#2).

Underwent epicardial lead placement (#3).

Postoperative bleeding (massive) #7-9

leading to 2 reoperations & development of

MSOF (CHF; HIT; DIC; ARF & unstable

tachyarrhythmias); Died on postoperative

day 11

Procedures #2-4 and #7-9 done during same

hospitalization. Surgery #7 off bypass with

2 inotropes. Transfusions (large) #7-9;

planned ICU: #2-4 & #7-9.

9 1. Bladder sphincterotomy; 2. Cystoscopy; 3. L

2-4 fusion (GA); 4. Temporal lobectomy

(GA); 5. Biopsy tibia (GA); 6. Evacuation of

tibial hematoma (GA);7. Cystoplasty (GA);

8. Reduction of jejunal volvulus (GA); 9.

Pudendal nerve release (GA); 10. Spinal

cord stimulator (MAC); 11. Intrathecal

pump insertion (GA); 12-16. Revisions of

intrathecal pump (GA); 17. Laparotomy-

SBO (GA); 18. Coronary angiogram (MAC);

19. Coronary artery bypass grafting (GA, E).

Intraoperative hypotension requiring

vasopressor boluses (#11, 13, 14, 18);

Postoperative septic shock, prolonged

postoperative mechanical ventilation and

inotropic infusion support, hospitalization

37 days (#17)

Blood transfusion (#3, 7, 17)

Planned ICU: #17, 19

NOTE. # refers to surgery occurrence from the “Procedure or Surgery” column.

Abbreviations: ARF, acute renal failure; AVR aortic valve replacement; bpm, beats per minute; DDAVP, desmopressin; DIC, disseminated

intravascular coagulation; E, emergency; FFP, fresh frozen plasma; GA, general anesthesia; HIT, heparin induced thrombocytopenia; ICU,

intensive care; MAC, monitored anesthesia care; MV, mitral valve; PHTN, pulmonary hypertension; Pt, patient; PV, pulmonary valve; RV, right

ventricle; RVH, right ventricular hypertrophy; RVOT, right ventricular outflow tract; SBO, small bowel obstruction; (post-op), complication

occurred postoperatively; TV, tricuspidal valve; VF, ventricular fibrillation.

YEOH ET AL6
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Several other cardiac anomalies in LS may affect perioper-
ative management. These include aortic valve regurgitation,
mitral valve prolapse, coronary abnormalities, and atrial and
ventricular septal defects.3 One patient in the authors’ series
(#2) had ventricular hypertrophy and a large atrial septal defect
with a bidirectional shunt. At presentation to their institution,
he had developed severe pulmonary hypertension and right
heart failure. Cardiac catheterization was performed with
investigation of the feasibility of septal defect closure. During
balloon occlusion of the atrial septal defect, his pulmonary
capillary wedge pressure increased dramatically, making clo-
sure of the defect impossible. His heart failure and pulmonary
hypertension were managed medically and, during neurosur-
gical procedures, required vasopressor and prostaglandin infu-
sion to maintain cardiac output.

Electrocardiographic abnormalities are frequent in LS
patients (Table 2), and while some are benign and asympto-
matic, these patients may have the propensity for life-
threatening arrhythmias including ventricular fibrillation and
sudden death.17,18 Indeed, most of the complications in the
authors’ patients were arrhythmias. One patient (#8) with
ventricular hypertrophy had a preoperative cardiac arrest due
to complete heart block; he underwent an aborted attempt to
insert an internal pacemaker (due to severe right ventricular
hypertrophy) and developed ventricular fibrillation. Two
patients with ventricular hypertrophy developed ventricular
fibrillation prior to cardiopulmonary bypass, one at the time
of sternal split and one during preliminary dissection. Of note,
defibrillation of the second patient was difficult, requiring
administration of 2 antiarrhythmic medications as well as 6
defibrillator shocks prior to conversion (#4, #6). Two patients
developed atrial fibrillation (#1, #6), although this is not an
unexpected complication for patients undergoing left ventricu-
lar myectomy. Two patients with subpulmonary stenosis (#1,
#4) developed ventricular fibrillation during weaning from
CPB; however, the authors did not count this as a complication,
as this generally occurs in 57% of their patients during
separation from CPB.19 A large percentage of LS patients
(23%) with LV hypertrophy may have prolonged QTc, which
may result in malignant arrhythmias and sudden death.14

Several of their patients had a long QTc interval; therefore, it
seemed prudent to avoid drugs associated with QTc prolonga-
tion potential.

LS may be associated with dysmorphic facial features and
craniofacial anomalies such as mandibular prognathism, cleft
palate, and abnormal dentition, which can theoretically compli-
cate airway management. However, LS is a very rare disease,
and to date, there are no reports on difficult airway management
in patients with LS, and none of the authors’ patients had airway
difficulties. Severe skeletal deformities, such as scoliosis, may
lead to chronic respiratory insufficiency secondary to restrictive
lung disease. One report described a 19-year-old girl with LS,
severe kyphoscoliosis, and subaortic stenosis who had recurrent
episodes of pneumonia and severe pulmonary hypertension
secondary to chronic respiratory insufficiency.20

Although the authors reported outcomes of only 9 patients,
these patients were exposed 49 times to anesthetics, and given
the extreme rarity of this syndrome, this represented the largest
LS cohort reported so far. The authors’ series has all the
inherent limitations of a retrospective observational study. In
their case series, cardiac pathology and extensive cardiac
corrective operations overwhelmingly explained the types of
complications. Therefore, firm conclusions as to whether or
not LS represents an increased risk for perioperative compli-
cations or observed complications were secondary to the
underlying disease process and nature of surgical procedures
could be determined by this study. Although molecular
mechanisms of cardiomyopathy may be different between
primary hypertrophic cardiomyopathy and the ventricular
hypertrophy expressed in LS,21,22 the pathologic and clinical
findings appear to be similar.23,24 The true magnitude of risk
for LS patients undergoing procedures under anesthesia
remains unknown, and it is difficult to systematically study
it due to the rarity of the disease, but the risk appears to be at
least at the level of primary hypertrophic cardiomyopathy.
However, taking into account the frequent presence of associ-
ated complex heart anomalies, the perioperative risk may be
even higher. Limongelli et al14 described cardiovascular pathol-
ogy in 24 patients with LEOPARD syndrome during a 9.1-year
followup; however, these event were not comparable to the
authors’ report as they were unrelated to the perioperative
period. Limongelli et al14 reported a high rate of fatal events
(16%) and overall severe cardiac events (25%); however, they
acknowledged that this high rate may represent a referral bias
related to evaluation of more severe patients in their tertiary
referral center. Finally, outcomes in the authors’ cases reflected
referral patients to this major academic tertiary institution with
considerable expertise in management of these patients; there-
fore this experience and observations should not be generalized.

In conclusion, LS is a multisystem disorder, but it is the
cardiac anomalies that play the most important role in
perioperative outcomes. Thus, the anesthesiologist caring for
the LS patient needs to carefully perform a preoperative review
of all organ systems with particular attention to potential
presence as well as progression of cardiac disease. In the
authors’ LS patients, severe arrhythmias were the most
common perioperative complications. In order to properly
tailor the anesthetic management, it is vital to conduct assess-
ment of the type and severity of cardiac condition. Finally,
since cardiac disease in these patients may worsen over time,
all patients with LS undergoing surgery should have a recent
cardiology evaluation.
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