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Abstract Infants with hypoplastic left heart syndrome

(HLHS) represent a high-risk population when they present

for noncardiac surgery. To assist clinicians in the care of

these infants, we present our experience of 36 HLHS

patients who underwent abdominal surgery after stage I

palliation. We reviewed patients with HLHS who under-

went gastrostomy and/or fundoplication after stage I pal-

liation during an 18-month period. We assessed the impact

of preoperative echocardiographic predictors and regional

anesthesia on use of intraoperative inotropes, extubation in

the OR, perioperative instability, postoperative escalation

of care, and length of hospital and intensive care unit stay.

Of 39 abdominal operations, all but 2 were performed with

open laparotomy. There was a positive association between

regional anesthesia and instability during induction. Esca-

lation of respiratory care occurred in 9 (23.1%) cases, and

escalation of hemodynamic care occurred in 6 (15.4%)

cases. Neoaortic valve insufficiency was associated with

increased length of stay, and ventricular outflow obstruc-

tion was associated with escalation of hemodynamic care.

Extubation in the OR was successful in 31 cases (79.5%).

In-hospital death occurred in 1 patient (2.7%). HLHS

infants often undergo abdominal surgery, but intraoperative

instability and need for escalation of care is common.

Specific echocardiographic findings were associated with

length of stay and escalation of care. Regional anesthesia

was associated with transient intraoperative instability but

not with other adverse outcomes.
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Introduction

Patients with hypoplastic left heart syndrome (HLHS) have a

unique physiology that carries significant medical and surgi-

cal implications. After stage I palliation (SIP [either Norwood

or hybrid procedure]) for HLHS, the right ventricle functions

as the systemic ventricle. Pulmonary blood flow is supplied by

either a systemic-to-pulmonary shunt, usually a modified

Blalock-Taussig shunt (mBTS); a right ventricle-to-pulmon-

ary artery conduit (Sano shunt); or, in the hybrid procedure, a

stented ductus arteriosus. The second stage surgery, or stage II

palliation (SIIP), occurs several months later and is typically a

superior cavopulmonary anastomosis where the pulmonary

flow is supplied by the superior vena cava.

The interstage period between SIP and SIIP is associated

with significant mortality, with 4% to 15% of infants dying

between discharge from the hospital and SIIP [1]. Coronary

ischemia, excessive or insufficient pulmonary blood flow,

neoaortic obstruction, and systemic ventricle failure are

among the top reported causes of death in this population

[2]. Patients with single-ventricle physiology respond

poorly to decreases in preload and acute increases in

afterload [18], both of which are prone to occur in the

perioperative setting, especially in cases of abdominal or

laparoscopic surgery. For these reasons, minimization of

the stress response and maintenance of preload are crucial

in the perioperative management of these patients [16].
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Infants with HLHS frequently have comorbidities, such

as gastroesophageal reflux, oropharyngeal dysfunction, and

failure to thrive, which require surgery and general anes-

thesia, often during the tenuous SIP/SIIP interstage period.

Gastrostomy with fundoplication has demonstrated benefit

for nutritional deficits and failure to thrive in this popula-

tion and is one of the more frequently performed proce-

dures [3, 7, 13]. Perioperative management of these infants

is challenging because of wide institutional variability and

a body of literature on the subject that consists of retro-

spective case series [3–6, 8, 9, 12, 14, 15, 17]. Here we

describe our recent experience of 39 gastrostomy and

fundoplication procedures in 36 infants with HLHS after

SIP at our institution, where specific preoperative factors

are tested for their impact on postoperative outcomes. The

results address the question of how to appropriately man-

age these patients in the perioperative setting.

Methods

After receiving Institutional Review Board approval, we

queried the Society of Thoracic Surgeons database for our

institution, searching for records bearing procedural code

33619 (Norwood surgery) and diagnostic code 746.7

(hypoplastic left heart syndrome) between July 2006 and

December 2009. All but 1 Norwood surgery were per-

formed by the same surgeon. The resulting 64 charts were

then reviewed for gastrostomy and/or gastric fundoplica-

tion during the study interval, resulting in 36 patients who

comprised the study population.

We extracted preoperative, intraoperative, and postop-

erative data from patient records using the following defi-

nitions. Preoperative laboratory tests were defined as the

last values assayed on the patient before surgery. Preop-

erative echocardiogram was defined as present if per-

formed within 1 week before the abdominal procedure, and

postoperative echocardiogram was defined as present if

performed within 24 h after surgery. Intraoperative or

postoperative inotropic drugs were defined as any drugs

administered by infusion with the intent to increase cardiac

output while the patient was in the operating room (OR) or

during the first postoperative 24 h, respectively. Intraop-

erative hemodynamic instability was defined as the fol-

lowing: (1) measured systolic blood pressure \75% of

baseline systolic blood pressure for [10 min or that

required pharmacologic support with vasoactive drugs by

infusion or two or more doses or fluid bolus[20 ml/kg; (2)

systolic blood pressure[25% above baseline for[10 min;

(3) heart rate \120 or [200 for [10 min; and (4) any

decrease in heart rate that prompted specific pharmacologic

treatment, significant rhythm change or major arrhythmia,

or arterial saturation \70% or [20% lower than baseline

while the patient was in the OR. We chose markers of

instability that were measurable by standard American

Society of Anesthesiologist (ASA) monitors, which were

available for providers at the bedside during most, if not

all, administration of anesthetics and could be easily

tracked during the perioperative period.

Echocardiographic abnormalities were defined as those

stated on the echocardiogram report within 1 week before

surgery. Ventricular outflow tract obstruction, either neo-

aortic valvar stenosis, residual aortic arch gradient, or

residual coarctation, was defined as present if listed in the

summary on the echocardiographic report and was classi-

fied as mild, moderate, or severe. Tricuspid and neoaortic

valve insufficiency were defined as present if included on

the preoperative echocardiogram report and were classified

as mild, moderate, or severe. Right-ventricular wall motion

was classified as normal or by degree of dysfunction (mild,

moderate, or severe).

Surgical times were defined as follows: Induction was

defined as the time from OR entry to skin incision; mainte-

nance was defined as the time from incision to skin closure;

and emergence was defined as the time from skin closure to

OR exit. Recovery was defined as the time from OR exit to

the end of recovery room stay or the first postoperative hour

for direct intensive care unit (ICU) admissions. Postopera-

tive transfusion was defined as the administration of red cells

or other blood products within 1 day of surgery. Evidence of

decreased perfusion was defined as the need for inotropic or

vasoactive drug infusion within 24 h of surgery, postopera-

tive increase in blood lactate[2.2, base deficit[–2, acidosis

with pH\7.25, or postoperative chest X-ray consistent with

pulmonary edema, new infiltrate, or effusion. Escalation of

respiratory care was defined as an increase in supplemental

oxygen, reintubation, initiation of noninvasive positive

pressure ventilation, or invasive ventilation. Escalation of

hemodynamic care was defined as the need for initiation or

escalation of inotropic/vasoactive infusions, agents to

decrease afterload, antihypertensive drugs, or antiarrhyth-

mic drugs. Postoperative laboratory reports were defined as

the first laboratory values drawn within 48 h after surgery.

Complications were broadly defined as unexpected events

that warranted significant escalation of care.

Data are presented as means ± SDs for continuous data

or as percent for dichotomous data. Statistical analysis,

where performed, involved comparison of outcome mea-

sures with specified preoperative and intraoperative vari-

ables of interest. Comparisons were performed using SPSS

software and Fisher’s exact test for discrete data or Student

t test or Mann–Whitney U-test where appropriate for

continuous data where comparisons involved unpaired

groups. Spearman’s Rho correlation was used for quanti-

fying the association between two continuous variables

(p \ 0.05).
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Results

Study Population

Initial chart screening yielded 64 infants with HLHS who

underwent Norwood palliation during the study interval

(July 2006–December 2009). Of these 64 subjects, 39

underwent gastrostomy, and 37 of the 39 patients had

concomitant Nissen fundoplications. In addition, 2 subjects

also had an enterostomy takedown. One patient had an

aborted laparoscopic gastrostomy and fundoplication due

to hemodynamic instability after abdominal insufflation.

That patient underwent open gastrostomy and Nissen fun-

doplication 1 week later and therefore accounts for 2 cases

in the study group.

The population of patients and preoperative parameters

studied are listed in Table 1. Most patients underwent stage

I palliation during the first week of life. The most common

source of pulmonary blood flow was a mBTS (n = 34

[87%]), followed by Sano (n = 3 [7%]), central shunt

(n = 1 [2%]), and hybrid palliation with a stented ductus

arteriosus (n = 1 [2%]). The average age of patients at the

time of noncardiac surgery was 46 days (range 20–137).

All subjects were inpatients at the time of abdominal sur-

gery and had an average preoperative length of stay of

38 days (range 2–165). All but 1 had been an inpatient

since birth. All but 2 patients underwent an open abdom-

inal procedure. Laparoscopic procedures were attempted

on 3 patients, with 1 patient having hemodynamic insta-

bility (ventricular bigeminy, hypotension, and bradycardia)

on insufflation of the abdomen to 10 mmHg, resulting in

the procedure being aborted.

Perioperative Events

Important perioperative events are listed in Table 2. The

majority of patients (79.5%) were extubated in the OR.

Induction instability occurred in 69.2% of cases. Instability

was also common during emergence (48.7%), and recovery

(38.5%). Most intraoperative instability, although common,

was transient; however, two cases escalated to cardiac

arrest, requiring urgent implementation of extracorporeal

circulation (ECMO).

Echocardiographic Findings

All patients had a preoperative echocardiogram performed

within 1 week of surgery. Echocardiographic abnormalities

studied were limited to right-ventricular dysfunction

(present in 31% of cases), ventricular outflow obstruction

(5%), neoaortic valve insufficiency (67%), and tricuspid

insufficiency (87%). At least one of these findings was

observed in each of the cases. These findings were vari-

ously associated with length-of-stay parameters, ventilator

time, escalation of care, and emergence instability as listed

in Table 3. Ventricular dysfunction was associated with

increased total hospital stay (p = 0.014) and ventilator

days (p = 0.011; Mann–Whitney U-test). Ventricular

Table 1 Study population and preoperative demographics

Demographics N (%) or

mean ± SDs

Total no. of cases 39 (100)

Demographics

Age at surgery (days) 46 ± 27

Weight (kg) 3.5 ± 0.75

Age at SIP (days) 5.3 ± 3.1

Preoperative status

Preoperative ICU status 6 (15.4)

Preoperative arterial saturation (%) 83 ± 4

Preoperative hematocrit (%) 41.4 ± 3.9

Preoperative supplemental oxygen 12 (31)

Source of pulmonary flow

BTS 34 (87)

Sano shunt 3 (7)

Central shunt 1 (2)

Stented patent ductus arteriousus 1 (2)

Procedures

FP ? gastrostomy, open 34 (87)

FP ? gastrostomy, laparoscopic 2 (5)

Gastrostomy, open 1 (2)

Gastrostomy ? ostomy takedown, open 1 (2)

FP ? gastrostomy ? ostomy takedown, open 1 (2)

Regional anesthesia

Single-shot caudal 16 (41)

Continuous caudal 2 (5)

Epidural 1 (2)

FP fundoplication

Table 2 Perioperative events

N (%)

Extubated in OR 31 (79.5)

Induction instability 27 (69.2)

Maintenance instability 26 (66.7)

Emergence instability 19 (48.7)

Recovery instability 15 (38.5)

Unplanned ICU admission 5 (12.8)

24-h escalation of respiratory management 9 (23.1)

24-h escalation of hemodynamic management 6 (15.4)

Postoperative evidence of decreased perfusion 4 (10.3)

Extracorporeal membrane oxygenation 2 (5.1)

30-days mortality 1 (2.7)
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outflow obstruction was associated with increased total

hospital (p = 0.041) and ICU stay (p = 0.026). In addi-

tion, ventricular outflow obstruction was associated with

postoperative escalation of hemodynamic care (p = 0.020;

Fisher’s exact test). Neoaortic valve insufficiency occurred

in 26 patients and was classified as mild in all cases.

Neoaortic valve insufficiency was associated with hospital

stay (p = 0.010), ICU stay (p = 0.002), and ventilator

time (p = 0.005) but was negatively correlated with

emergence instability (p = 0.019). Tricuspid insufficiency

was the most common echocardiographic anomaly classi-

fied and was found in 87% of patients; with 59% having

mild, 25% having moderate, and 2% having moderate to

severe cases. Neither tricuspid insufficiency nor its severity

was associated with any measure of adverse outcome.

Perioperative Management

One third of patients received supplemental oxygen before

surgery, including 2 patients who were intubated and

mechanically ventilated. Almost all patients underwent

intravenous induction of anesthesia (92%). Most patients

did not have invasive arterial blood pressure monitoring.

Half of the patients received either caudal (16 single shot, 2

continuous catheter) or epidural (1 thoracolumbar) anes-

thesia in addition to general anesthesia. The decision to

provide regional anesthesia was made by the attending

anesthesiologist in discussion with the attending surgeon

and was based on expectation for postoperative extubation

and the anticipated ability of the patient to tolerate a

regional technique or systemic analgesics after surgery.

Regional anesthesia was contraindicated in many patients

due to anticoagulation with enoxaparin (Lovenox).

Regional anesthesia was associated with an increased need

for intraoperative inotropic drugs (p = 0.018) and insta-

bility during the induction phase of anesthesia (p = 0.014,

Table 4). Most patients (79.5%) were extubated in the OR.

Two of the 8 patients who were not extubated in the OR

had been chronically ventilated before surgery. The other 6

had intraoperative hemodynamic instability, including 2

cases of cardiac arrest requiring urgent use of ECMO,

which prompted unplanned postoperative transfer to the

ICU. There was no significant association between use of

regional anesthesia and extubation in the OR; 16 of 19

patients with regional anesthesia, compared with 15 of 20

patients without regional anesthesia, were extubated in the

OR (p = 0.695).

Transfusion of blood products, either intraoperatively or

within the first 24 h after surgery, was performed in 14

(25.7%) of the 39 cases. Transfusion was associated with

an increase in hospital stay (mean 61 vs. 90 days,

p = 0.049; Mann–Whitney U test) and a decrease in ven-

tilator-free days in the first 30 postoperative days (28 vs.

23 days, p = 0.002; Mann–Whitney U test).

Table 3 Echocardiographic correlations

Correlations Ventricular dysfunction Outflow tract obstruction Neoaortic valve insufficiency Tricuspid insufficiency

With Without With Without With Without With Without

N 12 27 2 37 26 13 34 5

Mean hospital LOS 86.0* 53.6* 117* 60.7* 67.8* 55.2* 64.5 57.4

Mean ICU LOS 47.3 30.3 97.0* 32.2* 41.8* 22.8* 35.9 32.8

Mean ventilator days 33.5* 15.7* 62.5 19.0 27.0* 9.7* 22.0 15.6

Mean postoperative VF days 25.9 28.1 25.5 27.5 26.4 29.5 27.0 30.0

Escalation of HD care (%) 25 11 100* 11* 15 15 18 0

Emergence instability (%) 67 41 0 51 35* 77* 50 40

LOS length of stay; VF ventilator-free days; HD hemodynamic

* Statistically significant p \ 0.05, Mann–Whitney U or Fisher’s exact test

Table 4 Regional anesthesia

and instability
Anesthesia Incidence of instability during each phase

Induction Maintenance Emergence Recovery

With (%) regional anesthesia

(n = 19)

90 68 58 53

Without (%) regional anesthesia

(n = 20)

50 65 40 25

p 0.014 0.998 0.343 0.105

700 Pediatr Cardiol (2012) 33:697–704

123



Postoperative Outcomes

Nine patients (23%) required escalation of postoperative

respiratory care as defined previously. Six patients (15.4%)

required escalation of hemodynamic care during the post-

operative period. Five patients (12.8%) had unplanned

admissions to the ICU, two directly from the OR and three

from the hospital floor within 36 h after surgery. One of the

unplanned ICU admissions was for cardiopulmonary

insufficiency requiring reintubation, initiation of milrinone,

and mechanical ventilation on the postoperative day 1.

Another patient had inadequate analgesia on the night of

surgery, resulting in concern for impending respiratory

compromise leading to ICU transfer for monitoring. A third

patient had respiratory insufficiency thought to be related

to opioid administration for poorly controlled pain; this

required transfer to the ICU within 12 h after surgery. A

fourth patient had hemodynamic instability after induction

of anesthesia that responded to appropriate therapy; gas-

trostomy was completed, and the patient was admitted to

the ICU after surgery. The fifth unplanned ICU admission

was a patient who became unstable immediately after

abdominal insufflation to 10 mmHg, resulting in cancel-

ation of the procedure and admission to the ICU for

monitoring. All unplanned ICU transfer cases recovered

and were discharged from the hospital. Mortality was low;

one patient died within 30 days of surgery from brady-

cardic arrest on the hospital floor on postoperative day 7.

Of note, during the study period (2009), two unplanned

ICU admissions in this population resulted in a change in

institutional practice, requiring all HLHS status post-SIP

patients to be admitted to the ICU for observation after

receiving general anesthesia. The policy was enacted after

a multidisciplinary review of adverse events in this patient

population after general anesthesia for invasive and diag-

nostic procedures. The resulting chart review was the

impetus for this study.

Discussion

Adequate enteral feeding can be challenging in the HLHS

population [7] because gastroesophageal reflux is common,

and aspiration may be poorly tolerated. Other gastrointes-

tinal complications, such as necrotizing enterocolitis, are

common after SIP, necessitating abdominal procedures

during this high-risk period [5].

A series of adverse outcomes in single-ventricle patients

after noncardiac surgery prompted us to examine our

experience from a recent cohort of 36 patients with HLHS

after SIP. This represents a homogenous group of patients

with similar congenital heart lesions who underwent the

same palliation at the same institution, thus avoiding

confounding variables present in mixed populations. We

chose to study these patients undergoing gastrostomy and/

or fundoplication because these operations are commonly

performed in this population at our institution, are mod-

erately invasive procedures, and have been associated with

complications. In addition, these procedures lack accepted

management consensus guidelines. Our intent was to pro-

vide descriptive statistics, identify perioperative risk fac-

tors for adverse outcomes, and provide clinically useful

information for risk stratification.

We observed that a preoperative echocardiogram is a

valuable source of information for perioperative manage-

ment. Although mild in all cases, neoaortic valve insuffi-

ciency occurred in two of three patients and was associated

with increased total ICU and ventilator days. This raises

concern that patients with neoaortic valve insufficiency of

greater severity or worsening severity may be at greater

risk for adverse events and outcomes.

Right ventricle dysfunction was found in 1 of 3 patients,

with 1 in 10 having moderate dysfunction. Ventricular

dysfunction was associated with increased total hospital,

ICU, and ventilator days. Tricuspid valve insufficiency was

frequent and found in 87% of patients: 59% having mild,

25% having moderate, and 2% having moderate to severe

cases. However, this was not associated with increased

hospital or ICU stay, ventilator time, or escalation of care.

Although far less common (n = 2 subjects), systemic

ventricle outflow obstruction (SVOTO) was associated

with increased total hospital, ICU and ventilator stays. In

addition, SVOTO was associated with the need for post-

operative escalation of hemodynamic care, suggesting a

possible greater risk association with this lesion. This

correlates with results from the Pediatric Perioperative

Cardiac Arrest (POCA) study in which 16% of the cases of

cardiac arrest in their study population had ventricular

outflow obstruction [11].

Perioperative instability was common and occurred in

two of three cases at some point during administration of

the anesthetic. The majority of instability occurred during

the induction and maintenance phases. Although common,

instability was transient in most cases. With the exception

of neoaortic valve insufficiency and SVOTO, no other

preoperative markers were associated with intraoperative

instability. Neoaortic valve insufficiency was negatively

associated with emergence instability, a finding of unclear

significance.

Regional anesthesia, primarily single-shot caudal, was

performed in half of cases and was associated with

increased induction instability and the need for intraoper-

ative inotropic drugs. Adequate postoperative analgesia in

this population undergoing open procedures with a midline

upper abdominal incision is clinically relevant. In our

study, at least one patient required ICU transfer due to

Pediatr Cardiol (2012) 33:697–704 701
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inadequate postoperative pain control, and poor pain con-

trol may have contributed to the decompensation of two

other patients who required unplanned ICU transfer. Most

episodes of instability, primarily hypotension, occurred

during the period between induction of anesthesia and

surgical incision, i.e., during a period of minimal stimula-

tion. This is often the time when regional blocks are per-

formed. The benefits commonly associated with use of

regional anesthesia were not found to be significant in this

case series. Regional anesthesia did not correlate with

extubation in the OR, unplanned ICU admission, decreased

postoperative escalation of care, or decreased lengths of

stay. No studies have examined the hemodynamic effects

of caudal anesthesia in patients with HLHS undergoing

noncardiac surgery. The largest series of patients with

congenital heart disease to receive caudal anesthesia found

it to be safe and effective, but only 8 of the 220 patients had

single-ventricle physiology, and the procedures performed

were cardiac operations [10].We believe that regional

anesthesia remains a viable option for this patient popula-

tion pending the knowledge that intraoperative hypotension

is common albeit transient. Because this was not a ran-

domized trial, our data do not address the question of

whether regional anesthesia should be either used or

avoided in this group of patients.

The majority of patients in this series were extubated in

the OR. Extubation in the OR was associated with

increased hospital- and ventilator-free days after surgery.

This would suggest a beneficial effect of extubation in the

OR. The impact of extubation in the OR on the immediate

postoperative course is less clear. Most postoperative

complications were respiratory in origin, and unplanned

ICU admissions and transfers were primarily for respira-

tory decompensation. During the study period, a policy

change resulted in all patients being admitted to the ICU

directly from the OR; how this impacted the decision to

extubate in the OR is unknown.

There were two episodes of intraoperative cardiac arrest,

both requiring use of ECMO. These arrests occurred during

the maintenance phase of the anesthetic during both an

open and a laparoscopic procedure. The exact etiologies of

the arrest were unclear, although decreased pulmonary

blood flow through mBTS procedure was postulated. Both

patients recovered. One patient died 7 days after an

uneventful procedure.

Optimization of perioperative care for patients with

HLHS is challenging because data comparing methods of

management are sparse. Table 5 lists the studies from the

past 20 years of HLHS patients undergoing noncardiac

surgery, which show the variability in perioperative man-

agement. In 2002, Torres et al. reported nationwide mor-

tality data from 1988 to 1997, during which period

gastrostomy was the most frequent noncardiac surgery

performed on patients with HLHS\2 years of age [15]. In

this report, noncardiac surgery carried a mortality rate

(assessed by survival to discharge) of 19%. A 2008 single

center review by Cribbs et al. [3] reported 5-year mortality

rate of 40.5% in their single-ventricle population after

fundoplication, which was no different from the mortality

in a cohort of single-ventricle patients not receiving fun-

doplication. Recent data from the POCA registry has

identified patients with single-ventricle lesions, especially

those before SIIP, as being the most common congenital

heart defects associated with cardiac arrest [11]. In their

study, the majority of cardiac arrests in patients with

congenital heart disease occurred in general ORs (54%),

and the most frequent procedures were gastrointestinal:

fundoplication, gastrostomy, esophagogastroduodeno-

scopy, and colostomy (13%). In the present study, we

contribute to this literature by presenting an approach to

gastrostomy and antireflux management consisting mostly

of open laparotomy, without invasive monitoring, with

most patients being extubated in the OR. In addition, this is

the largest series of cases of regional anesthesia in patients

with HLHS after SIP to be reported in the literature.

Our institutional approach has primarily been to use

open technique for gastrostomy and fundoplication in this

group of patients because we have been concerned about

the potentially harmful hemodynamic effects of increased

intra-abdominal pressure and increased PaCO2 on this

fragile population of infants. Nevertheless, the merits of the

laparoscopic approach, which include less postoperative

pain, decreased postoperative need for narcotics, and faster

recovery, have led other institutions to use the laparoscopic

approach with modifications to address the physiologic

consequences of the pneumoperitoneum. Three recent

studies [8, 12, 19] reported zero short-term mortality in a

total of 19 HLHS patients undergoing laparoscopic surgery

(Table 5). These investigators described protocols that

include postoperative echocardiography [12], invasive

blood pressure monitoring [8, 12, 19], limitation of insuf-

flation pressure [8, 12, 19], routine transfusion for patients

with hematocrits of 40% [8] or 45% [12], and planned

postoperative ICU admission [3, 8]. Although the physio-

logic perturbations of laparoscopy have the capacity to

decrease cardiac output and systemic-pulmonary shunt

flow, possibly resulting in thrombosis, Slater et al. [12]

reported no observations of shunt thrombosis by postop-

erative echocardiography in their series of 12 HLHS

infants undergoing laparoscopy.

Limitations

This study has limitations inherent to any retrospective

review in that it does not involve a prospective comparison

with patients managed by differing approaches. In addition,
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the subset of HLHS patients presenting for elective

abdominal operations is not necessarily representative of

the HLHS population as a whole at our institution. During

the study interval at our institution, there were 30 patients

with HLHS receiving SIP who did not undergo fundopli-

cation and/or gastrostomy; these patients were not part of

the study population. Mortality in this group was 67%, with

most of these deaths occurring within 2 weeks of surgery.

Therefore, the study population represents a subset of

HLHS patients who survived the immediate postoperative

period. Because this study reported only retrospective data,

we are not able to conclude whether early gastrostomy is

beneficial in this population. A randomized prospective

trial would be the best way to address this question. In

addition, because all patients survived the procedure with

minimal complications, our data do not allow us to identify

a subgroup of patients who may not be candidates for

gastrostomy and fundoplication.

The applicability to other institutions and practices is

also limited because of differing management techniques,

varied decision-making practices, and our small study

group. Applicability to other patients with single-ventricle

physiology, such as tricuspid atresia or complex hetero-

taxy, is also limited. Only three of our patients underwent

laparoscopic procedures, which makes it difficult to com-

pare the risks and benefits of open laparotomy versus

laparoscopy in this population. Finally, the limited sample

size makes it difficult to accrue sufficient statistical power

to provide a robust regression analysis of multiple risk

factors and their interactions.

Conclusion

In summary, we report the management of open gastros-

tomy and fundoplication in HLHS infants after SIP with

low perioperative mortality. We present one of the largest

series of this patient population to undergo regional anes-

thesia for noncardiac surgery. Based on our observations,

we can recommend an approach that involves anticipation

of perioperative instability, postoperative pain manage-

ment, and need for escalation of hemodynamic or respi-

ratory care. Invasive monitoring may be part of such

preparation. Preoperative echocardiography may be useful

in assigning perioperative risk because patients with ven-

tricular dysfunction, outflow tract obstruction, or neoaortic

valve insufficiency may be at risk for longer hospital stay

and perioperative escalation of care. The need for escala-

tion of respiratory or hemodynamic care is common, and

inadequate pain management may precipitate unplanned

ICU admission. The common occurrence of intraoperative

instability and unplanned ICU admission underscores the

need for appropriate resources and experience.
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