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Abstract

Objective: Different feeding strategies have been suggested to improve growth and survival of

infants with hypoplastic left heart syndrome following stage 1 palliation. The study objective was

to assess hospital mortality following stage 1 palliation among infants with hypoplastic left heart

syndrome who had two feeding modalities, gastrostomy tube vs no gastrostomy tube.

Design: Retrospective study design.

Setting: Multicenter pediatric heath information system database.

Patient: About 4287 patients with hypoplastic left heart syndrome who underwent stage 1 Nor-

wood procedure from 2004 through 2013. Infants who had gastrostomy tube with or without

fundoplication procedure were identified and their clinical characteristics were compared.

Intervention: None.

Outcomes Measures: The primary outcome was discharge hospital mortality following stage 1

palliation.

Results: About 1214 patients who underwent stage 1 palliation had gastrostomy tube placement

prior to hospital discharge. About 881 only had this procedure, while 333 patients also underwent

fundoplication. Infants who had a gastrostomy tube placement vs no gastrostomy procedure had

longer hospital stay, but significantly lower hospital mortality (5% vs 19%, P< .001). Hospital mor-

tality was lower in infants who had only gastrostomy vs gastrostomy with fundoplication

procedure (4% vs 8%, P5 .004). In the multivariable analysis, gastrostomy procedure was associ-

ated with a higher likelihood of survival to hospital discharge (HR: 0.06, CI [0.04, 0.1]), whereas

additional fundoplication procedure increased the risk of mortality (HR: 2.77, CI [1.52, 5.04]).

Conclusions: The gastrostomy procedure did not place infants with hypoplastic left heart syn-

drome at higher risk of mortality. These infants should be considered for gastrostomy tube

placement if they had persistent difficulty in oral feeding following stage 1 palliation.
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1 | INTRODUCTION

The survival of infants with hypoplastic left heart syndrome (HLHS)

post–stage 1 Norwood procedure has drastically improved over the

last decade.1,2 Despite improved survival, these patients remain at sig-

nificant risk for various morbidities.2,3 Appropriate nutrition and growth

are critical elements for improved outcomes post–stage 1 palliation

and are linked with better neurodevelopment and decreased late mor-

tality.4,5 Thus, varied approaches for dietary intervention to optimize

growth have been adopted.6 Some centers reported good results with

preemptive gastrostomy tube placement (GT),7 while others described

increased morbidities in infants who had a GT with/without Nissen

fundoplication procedure (GT6FP).6

A study from the National Pediatric Cardiology Quality Improve-

ment Collaborative data registry examined the effect of feeding modal-

ity on inter-stage growth and found that appropriate growth can be

reached regardless of feeding modality, concluding that complication

risks are the most critical factors for deciding on specific feeding prac-

tices.8 Although the literature generally indicates increased risk of hos-

pital morbidities and inter-stage mortality in infants who underwent

GT6FP procedure, none of these studies specifically evaluated dis-

charge hospital mortality following stage 1 palliation.6,9

We utilized a multicenter validated database, the Pediatric Health

Information System (PHIS), to examine variation over time and across

hospitals in post–stage 1 Norwood procedure feeding modalities. We

evaluated mortality among infants with two different feeding modal-

ities (GT6FP vs No GT). We hypothesized a priori that while infants in

the GT6FP group might have longer hospital stay, the incidence of

mortality is lower in this high-risk population.

2 | METHODS

This study received The University of Arkansas for Medical Sciences

Institutional Board Review approval.

2.1 | Data source

We conducted a retrospective cohort study of infants with HLHS using

PHIS, an administrative database that contains inpatient data from 43

US not-for-profit, tertiary care children’s hospitals in North America.10

Institutions are affiliated with the Child Health Corporation (CHCA,

Shawnee Mission, KS) and account for 20% of all tertiary care child-

ren’s hospitals. Institutions are labeled within the database but cannot

be identified in public reporting. Participating hospitals provide dis-

charge data and diagnoses coded with the International Classification

of Diseases, Ninth Revision (ICD-9). Billing data are available and are

coded under the Clinical Transaction Classification (CTC) system. Other

codes reported include Correct Procedures Terminology (CPT) for pro-

cedures and V codes used to describe encounters with circumstances

other than disease. Data are de-identified at the time of submission

and are subjected to a number of reliability and validity checks before

being processed into quality reports. The diagnoses, procedures, and

corresponding codes applied in this study are summarized in Support-

ing Information Table S1.

2.2 | Study population

We evaluated all patients who were discharged from a PHIS participat-

ing hospital between January 1, 2004 and December 31, 2013 and had

a diagnosis code of HLHS. All patients underwent stage 1 Norwood

operation during that hospitalization and were then discharged from

the hospital or died during the hospitalization. Determination of stage

1 Norwood surgery was based on identifying patients with HLHS who

had extracorporeal circulation auxiliary to open heart surgery and

either creation of a conduit between the right ventricle and pulmonary

artery [Sano] or systemic to pulmonary artery shunt [Shunt]. Infants

who had a hybrid procedure or heart transplant were excluded.

Infants who had open or percutaneous GT placement were then

identified. Some patients also underwent open or laparoscopic FP. FP

is typically completed concurrently with GT placement when there is

an additional diagnosis risk of gastroesophageal reflux disease (GERD).

We thus excluded patients (n523) who had only a code for FP with-

out a supplementary code for GT placement or had unclear diagnosis

of GERD with corresponding codes indicative of placement of GT with

or without FP. Our final study population included 4287 infants with

HLHS (Supporting Information Figure S1).

The study population was divided in two groups: HLHS patients

who underwent stage 1 Norwood procedure and had GT placement

with or without FP (GT6FP) and those who did not undergo a GT (No

GT) procedure during the same hospitalization. Infants in the GT6FP

group were further allocated in two separate subgroups: Only GT and

GT1FP.

2.3 | Variables queried (Supporting Information

Table S1)

Demographics and clinical characteristics were collected. We gathered

data on various diagnoses and different procedures (pre– and post–

stage 1 palliation). Pharmacological data were also abstracted and

included antiarrhythmic and inotropic medications use as well as nitric

oxide administration.

2.4 | Outcomes measures

The primary outcome measure was discharge hospital mortality. Dis-

charge hospital mortality following stage 1 Norwood procedure was

evaluated over time among the study groups and subgroups. The count

of Norwood cases and the number of GT and FP procedures were

assessed across centers. Discharge hospital mortality per study groups

were then calculated across centers. Since gastrostomy procedure was

typically offered later than the first month of life (>30 days), we also

evaluated mortality among infants who survived or remained hospital-

ized beyond thirty days of life to exclude potentially confounding effect

of early discharges or deaths. In addition, we assessed length of hospi-

tal stay as a secondary outcome among the different study groups and

subgroups.
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2.5 | Gastrostomy tube group

We tabulated the incidence of various diagnoses, procedures, and use

of pharmacological agents among infants in in the GT6FP group.

These variables were considered comorbidities as they can possibly be

associated with a more complex and prolonged hospital stay. Clinical

data and hospital mortality were compared between infants in the

GT6FP group who had any comorbidity vs no comorbidities.

2.6 | Statistical analysis

All statistical analyses were generated using SAS/STAT software, ver-

sion 9.4 of the SAS System for Windows 7 (SAS Institute, Inc., Cary,

NC). Plots were generated using the ggplot2 package in R (R Core

Team, Vienna, Austria). All tests were 2-sided assuming a P value of

.05. Descriptive statistics were reported as medians and interquartile

ranges for continuous variables and percentages and frequencies for

categorical variables. Two Cox regression models were fitted to

investigate the impact of multiple risk factors on time to death for

the overall study cohort and for infants who survived or remained in

the hospital beyond the first month of life, respectively. Another Cox

regression model was also fitted to evaluate predictors for prolonged

hospital stay among the study population. A prolonged hospital stay

was defined as >52 days (>75th percentile of the hospital stay of

the overall study cohort). The clustering effect of patients from dif-

ferent centers was accounted for by including the hospital median

annual cardiopulmonary bypass cases as a variable in both the uni-

variable and multivariable models. Variables were selected for the

multivariable models, if they had a P< .2 on the univariable analysis

or were considered a priori as clinically important. Variables (birth

weight and race) with >20% missing values were excluded. The

model results were expressed in terms of hazard ratios (HR) for time

to death with corresponding 95% confidence intervals (CI) and P

values.

3 | RESULTS

3.1 | Cohort description

Supporting Information Figure S1 provides a description of the cohort.

From January 1, 2004 through December 31, 2013, a total of 5721

infants with HLHS were discharged from PHIS affiliated hospitals.

About 41 hospitals performed stage 1 Norwood procedures in the

PHIS dataset. One hospital performed only two Norwood procedures

with 100% mortality during the study period and was excluded. About

4287 patients in 40 hospitals met our inclusion criteria.

The characteristics of the study population are presented in

Table 1. About 28.3% (1214 infants) underwent a GT placement includ-

ing 333 infants who also had FP procedure. Gestational age, birth

weight and race were comparable between the two study groups.

Infants in the GT6FP vs No GT group had longer intensive care unit

stay [35 vs 18 days (d), P< .001], duration of mechanical ventilation

(13 vs 8 d, P< .001) and parenteral nutrition (12 vs 7 d, P< .001), larger

percentage of congenital anomalies, higher incidence of necrotizing

enterocolitis (NEC) (6.9% vs 4.4%, P< .001), vocal cord paralysis (19%

vs 6%, P< .001), and septicemia (10.3% vs 6.3%, P< .001), and more

frequent use of antiarrhythmic medications post–stage 1 palliation. The

majority of the study cohort (77.3%) underwent only the shunt proce-

dure. A larger percentage of patients in the GT6FP compared with

the No GT group had multiple cardiac procedures (19.6% vs 15.6%).

Age of death (134 vs 26 d, P< .001) and length of hospital stay (51 vs

25 d, P< .001) were significantly lower in the No GT group. Infants in

the GT1FP vs Only GT subgroup had longer hospital stay (62 vs 47 d,

P< .001), though they died at a younger age (101 vs 166 d, P 5 .16).

They also required longer intensive care unit stay (47 vs 28 d,

P< .001), duration of mechanical ventilation (18 vs 11 d, P< .001) and

parenteral nutrition (17 vs 10 d, P< .001), and had a higher incidence

of NEC (9.9% vs 5.8%, P5 .012), and septicemia (12.6% vs 9.4%,

P< .001).

3.2 | Mortality

3.2.1 | Mortality over time

Mortality data over the study period are summarized in Table 2 and

Supporting Information Table S2. The mortality at hospital discharge

over the 10-year study period was consistently and significantly lower

in the GT6FP compared with the No GT group (5% vs 19%, P< .001).

Hospital mortality was also significantly lower in the Only GT vs the

GT1FP subgroup (4% vs 8%, P 5 .004). The discharge hospital mortal-

ity outcomes among infants who survived or remained hospitalized at

one month of life were comparable to mortality outcomes in the overall

study cohort (Supporting Information Table S2).

3.2.2 | Norwood cases count and mortality across centers

The number of HLHS infants undergoing stage 1 Norwood procedure

was tabulated per center over the study period (Supporting Information

Figure S2). The number of stage 1 Norwood procedure varied among

centers and ranged from 2 to 386 cases (median, 94; IQR [48–128]).

The percentage of GT6FP procedures among the study population

ranged from 0% to 60% per center (median, 24%; IQR [0%-70%]. The

discharge mortality was higher in the No GT group among 38 centers.

The median mortality per center in the GT6FP and the No GT groups

was 4% [IQR: 0–7] and 19%, respectively [IQR: 11–30]. About 34 cen-

ters that placed GT also performed FP procedure. About 10 centers

performed FP in �2 patients, while 13 centers completed FP in �10

patients. The mortality per center in infants in the Only GT vs the

GT1FP subgroup was not calculated secondary to the small count of

infants having FP procedure in some centers.

3.2.3 | Gastrostomy tube group

Infants in the GT6FP group who had any comorbidity (Supporting

Information Table S3) compared with infants with no additional mor-

bidities had longer hospital stay, duration of mechanical ventilation and

parenteral nutrition, and higher discharge hospital mortality (Supporting

Information Table S4).
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3.2.4 | Risk factor analysis

Both univariable and multivariable analysis were completed to assess

risk factors for hospital mortality for the entire study cohort (Table 3).

Multivariable analysis indicated that a GT placement was associated

with a significantly higher likelihood of survival to hospital discharge

(HR, 0.06, CI [0.04-0.1]), whereas additional FP placement was associ-

ated with a higher risk of mortality (HR, 2.77; CI [1.52, 5.04]). Hospitals

with a larger median annual cardiopulmonary bypass had better sur-

vival. The presence of vocal cord paralysis, cardiopulmonary bypass

post-Norwood, and a more recent time era were linked with a better

likelihood of survival. On the other hand, patients who had chromo-

somal abnormalities, needed extracorporeal membrane oxygenation

(ECMO), or underwent the Shunt procedure were at higher risk of mor-

tality prior to hospital discharge. These results were very consistent in

the models for hospital survival at 1 month of life till hospital discharge

(Supporting Information Table S5).

In addition, GT or FP procedure, chromosomal abnormalities,

anomalies of the larynx or the urinary system, and the need for ECMO

or cardiopulmonary resuscitation prior or post–stage 1 Norwood pro-

cedure (cardiac catheterization or cardiopulmonary bypass) were identi-

fied as significant predictors for prolonged hospital stay (Supporting

Information Table S6).

4 | DISCUSSION

This study specifically investigates in-hospital mortality among infants

with HLHS who had GT6FP procedure following stage 1 palliation. In

this large multicenter retrospective cohort study, we observed that

infants in the GT6FP vs the No GT group had higher survival while

still hospitalized after the stage 1 Norwood operation. Interestingly,

this improved survival was noted consistently across the 10-year study

period and across centers even though this high-risk population had

longer hospital stay. In addition, infants in the GT1FP vs Only GT sub-

group had higher mortality. In the multivariable analysis, a GT place-

ment was associated with a higher likelihood of survival to hospital

discharge, whereas additional FP was associated with a higher risk of

mortality.

In contrast to our study endpoint of in-hospital mortality, previous

studies have mainly focused on inter-stage mortality post–hospital

discharge.9,11–13 Furthermore, unlike previous reports which included

patients with diverse heart lesions and single ventricle physiology, our

study specifically examined infants with HLHS.9,11–13 Literature on

inter-stage mortality for infants with single ventricular physiology gen-

erally indicated that infants who underwent a GT placement have

higher mortality rate. Hebson et al conducted a single center retrospec-

tive review of patients undergoing single-ventricle palliation and

reported a higher mortality in the GT group.9 Ghanayem et al com-

pleted a secondary analysis of the Single Ventricle Reconstruction Trial

cohort and also showed that the inability to feed orally at time of first

discharge was associated with higher mortality.12 In addition, Keating

et al noted higher mortality in patients with single ventricle physiology

who had a GT placement.13 In contrast, Di Maria et al concluded that a

GT procedure after the initial palliation is linked with longer hospital

stay, though is not associated with an increase in the inter-stage mor-

tality.11 The above studies speculated that infants in the GT group had

a more complicated hospital course. As such, the GT procedure was a

surrogate for a significant disease burden rather than a contributing

factor for increased mortality. Our study confirmed that infants in the

GT6FP group are the sicker cohort and had longer hospital stay. How-

ever, our analysis also revealed that these infants did not have higher

hospital mortality. In contrast to our study, previous reports have

excluded infants who died prior to their first hospital discharge. An

analysis that calculated an aggregate mortality rate (ie, discharge hospi-

tal mortality and inter-stage mortality) might have a different conclu-

sion. The limitations of the database preclude us from further

delineating the causes for the differences in mortality between the

study groups post–hospital discharge. Nevertheless, our results clearly

point to the need for a prospective study with a robust follow-up

design to further examine this question.

The association of GERD and congenital heart disease has been

well described.14 Earlier studies evaluated surgical correction of reflux

symptoms in infants with HLHS and concluded that FP procedure can

be safely performed following stage 1 palliation.15–17 Though, this pro-

cedure is not without associated risks.16 Garey et al reviewed their sin-

gle center experience of FP during the inter-stage period and

determined that the procedure carried a high morbidity and mortality.18

TABLE 2 Discharge hospital mortality for the overall study cohort

No GT GT6FP P value
Total Only GT GT1 FP No GT vs GT6FPDischarge hospital

mortality by time era N53037 N51214 N5881 N5 333 P value

200422006 21% (206/981) 6% (18/313) 5% (11/236) 9% (7/77) .24 <.001

200722009 18% (188/1020) 5% (20/405) 3% (7/270) 10% (13/135) .005 <.001

201022013 19% (201/1072) 4% (20/496) 4% (14/375) 5% (6/121) .74 <.001

200422013 19% (595/3073) 5% (58/1214) 4% (32/881) 8% (26/333) .004 <.001

GT, gastrostomy tube; FP, Nissan fundoplication.
Mortality data were summarized as N (%).
Chi-square tests were used to compare mortality among different groups; P� .05 was considered statistical significant.
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Watkin et al also indicated that GT with FP procedure was associated

with increased intraoperative and immediate postoperative morbid-

ity.16 In addition, Berman et al evaluated 1289 pediatric patients that

who underwent GT placement in the 2012 National Surgical Quality

Improvement Program.19 The authors concluded that concomitant fun-

doplication was an independent risk factor for 30-day postoperative

morbidity.19 Our multivariable analysis showed that FP procedure

increased the risk of mortality prior to hospital discharge. Though, our

study was limited by the retrospective design. Thus, were unable to

carefully assess the preoperative workup for FP procedure, including

swallow study or reflux evaluation. Concomitant FP along with GT pro-

cedure is controversial and varies greatly across centers. Despite its

purported advantage in preventing severe GERD, FP is a more invasive

procedure compared with only GT placement and is not without

additional morbidity. This may explain the reluctance of some centers

in our study cohort to consider FP.

The overall hospital mortality of 15% following stage 1 Norwood

was comparable to earlier reports.20 In addition to the GT and FP pro-

cedures, our study evaluated multiple risk factors for mortality prior to

hospital discharge. Patients who underwent the Shunt vs the Sano pro-

cedure were at higher risk of mortality. This finding was previously

shown in a randomized multicenter trial comparing the 12-months

transplantation free survival among the shunt types in the Norwood

Procedure.21 The authors attributed their finding to a better coronary

flow with the Sano procedure.21 A trend of decreasing mortality across

the different eras was anticipated and well documented as the field of

cardiology progressed over time.20 In addition, higher center volume

was previously linked with better outcomes.22 Surprisingly, vocal cord

TABLE 3 Univariable and multivariable Cox regression for time-to-death for the overall study cohort

Univariable Univariable Multivariable Multivariable
Variable HR (95% CI) P value HR (95% CI) P value

Gastrostomy tube placement 0.11 (0.08, 0.15) <.001 0.06 (0.04, 0.1) <.001

Birth weight (kg)

0.5 kg increase 0.79 (0.74, 0.85) <.001 0.81 (0.75, 0.86) <.001

Male 0.84 (0.72, 0.98) .028 1 (0.85, 1.18) .999

Age at Norwood (days)

30 day increase 0.99 (0.98, 1.01) .266

Chromosomal abnormalities 1.36 (1.01, 1.84) .046 1.63 (1.17, 2.26) .004

Tracheoesophageal fistula/anomalies of esophagus 1.30 (0.58, 2.92) .52

Cleft lip or palate 0.86 (0.42, 1.74) .67

Anomalies of larynx 0.30 (0.18, 0.50) <.001 0.45 (0.25, 0.78) .005

Anomalies of urinary system 1.27 (0.96, 1.68) .096 1.52 (1.13, 2.03) .005

Vocal cords paralysis 0.20 (0.13, 0.32) <.001 0.45 (0.28, 0.72) <.001

Extracorporeal membrane oxygenation (ECMO) pre-Norwood 3.77 (3.17, 4.48) <.001 3.07 (2.53, 3.71) <.001

ECMO post-Norwood 4.58 (3.87, 5.43) <.001 4.09 (3.4, 4.92) <.001

Cardiopulmonary bypass post-Norwood 0.74 (0.57, 0.95) .017 0.72 (0.55, 0.94) .015

Cardiac catheterization post-Norwood 0.88 (0.73, 1.06) .19 0.82 (0.67, 1.01) .063

Cardiopulmonary resuscitation (CPR) pre-Norwood 2.85 (2.31, 3.51) <.001 1.72 (1.36, 2.17) <.001

CPR post-Norwood 3.38 (2.37, 4.82) <.001 1.35 (0.9, 2.02) .153

Cardiac procedure

Shunt only 1.69 (1.14, 2.51) .009 1.67 (1.07, 2.6) .023
Sano1 Shunt 1.38 (0.9, 2.13) .14 1.24 (0.76, 2.01) .394
Sano only Reference Reference

Nissen fundoplication 0.24 (0.16, 0.36) <.001 2.77 (1.52, 5.04) <.001

Hospital median annual cardiac bypass cases

100 unit increase 0.89 (0.85, 0.94) <.001 0.89 (0.84, 0.95) <.001
Era
2004 to 2006 1.73 (1.43, 2.09) <.001 1.6 (1.3, 1.97) <.001
2007 to 2009 1.24 (1.02, 1.50) .029 0.92 (0.74, 1.13) .417
2010 to 2013 Reference Reference

Gestational age and race variables were not included in the model since they were missing �20% of data points.
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paralysis and anomalies of the larynx variables were associated with

better survival prior to hospital discharge. We speculate that this result

is possibly due to an earlier GT placement in this group as the median

time for GT placement was earlier in infants with vocal cord paralysis

and [35.5 d; IQR 28, 49.5 d] and among those with anomalies of larynx

was [36 d; IQR 28, 67.5 d], compared with 45 d [IQR 32, 66] in the

overall study cohort. In addition, post-Norwood use of cardiopulmo-

nary bypass variable was also associated with higher survival. We can

only speculate that this variable could be a surrogate for a more diligent

postoperative care and an aggressive proactive approach to diagnosing

and treating arch obstruction or shunt malfunction.

Our study also identified significant predictors of prolonged hospi-

tal stay following stage 1 including a GT placement and congenital

anomalies. While prior studies evaluating feeding practices post–stage

1 palliation differ on mortality rates among infants who had GT place-

ment, they consistently prolonged hospitalization among these

infants.6,11

Our study has limitations since it is a retrospective evaluation of

multi-institutional pediatric administrative database. The use of admin-

istrative database in outcome research offers the advantage of a large

samples size, though is limited by the unavailability of specific data

points.23 As such, our study lacked specific anthropometric data includ-

ing weight gain and nutritional practices such as the details of specific

feeding strategies, the amount of oral, nasogastric, or GT feedings, and

the type of feeding (breast milk or formula) or its caloric content. We

could not gather for GT and/or FP procedure. We were also unable to

collect some known risk factors for mortality such as the anatomic and

operative variables24 or identify the exact etiology for reoperation or

death in our patient population. In addition, we could not follow our

study cohort post the primary hospitalization given the significant loss

of follow up of patients across multiple hospitalizations in the PHIS

database. Though, this study still provides the distinctive advantage of

national level, pediatric data from the majority of US metropolitan areas

and clearly points to the imperative need to further investigate this

question in a prospective study design or by data linkage with other

national databases.

In conclusion, GT procedure did not place infants with HLHS at

higher risk for mortality even though these infants had prolonged hos-

pital stay. Patients with HLHS who had difficulty reaching goal oral

feeding post stage 1 palliation should be considered for a GT place-

ment. Although we do not advocate preemptive GT placement in

patients with HLHS following stage 1 palliation, the findings of this

analysis emphasize the need to conduct a multicenter prospective

study evaluating the impact of GT placement following stage 1

Norwood procedure.
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