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Background-—In shunt-dependent, single-ventricle patients, mortality remains high in the interstage period between discharge
after neonatal surgery and stage 2 operation. We sought to evaluate the impact of our infant single-ventricle management and
monitoring program (ISVMP) on interstage mortality and stage 2 outcomes.

Methods and Results-—This retrospective single-center cohort study compared patients enrolled in ISVMP at hospital discharge
with historical controls. The relationship of ISVMP to interstage mortality was determined with a bivariate probit model for the joint
modeling of both groups, using an instrumental variables approach. We included 166 ISVMP participants (December 1, 2010, to
June 30, 2015) and 168 controls (January 1, 2007, to November 30, 2010). The groups did not differ by anatomy, gender, race, or
genetic syndrome. Mortality was lower in the ISVMP group (5.4%) versus controls (13%). An ISVMP infant compared with a
historical control had an average 29% lower predicted probability of interstage death (adjusted probability: �0.29; 95% CI, �0.52
to �0.057; P=0.015). On stratified analysis, mortality was lower in the hypoplastic left heart syndrome subgroup undergoing
Norwood operation (4/84 [4.8%] versus 12/90 [14%], P=0.03) but not in those with initial palliation of shunt only (P=0.90). ISVMP
participants were younger at the time of the stage 2 operation (138 versus 160 days, P<0.001), with no difference in
postoperative mortality or length of stay.

Conclusions-—In this single-center study, we report significantly lower interstage mortality for participants with hypoplastic left
heart syndrome enrolled in ISVMP. Younger age at stage 2 operation was not associated with postoperative mortality or longer
length of stay. ( J Am Heart Assoc. 2019;8:e010783. DOI: 10.1161/JAHA.118.010783.)
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I nfants with hypoplastic left heart syndrome (HLHS) and
other shunt-dependent, single-ventricle (SV) heart defects

are tenuous in the interstage period between discharge after
neonatal surgery and stage 2 operation (or superior cavopul-
monary connection). Despite advances in prenatal diagnosis
and operative and postoperative care, interstage mortality in
patients with HLHS has been reported to be �10%.1–4 In an
attempt to reduce mortality during this vulnerable period in
this patient population, the concept of a home monitoring
program (HMP) was first introduced by Ghanayem et al, with

successful reduction in interstage mortality at a single
center.5,6 With implementation of the National Pediatric
Cardiology Quality Improvement Collaborative (NPCQIC), this
concept of intensive home monitoring of infants with HLHS
has been adopted by a majority of centers in the United
States as standard of care.7 In addition, many HMPs now
include all infants with shunt-dependent SV heart defects. The
infant SV management and monitoring program (ISVMP) was
implemented in our center in December 2010 with the goal of
standardizing care and improving the survival of patients with
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shunt-dependent SV defects in the interstage period. The
primary objective of this study was to evaluate the impact of
ISVMP on interstage survival in infants with shunt-dependent
SV defects. In addition, we describe postoperative outcomes
after stage 2 operation and 1-year transplant-free survival.

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Patient Population
The study protocol was approved by the Institutional Review
Board for the Protection of Human Subjects at the Children’s

Hospital of Philadelphia (CHOP). We conducted a retrospec-
tive cohort study of patients with shunt-dependent SV defects
who were enrolled in the ISVMP from December 1, 2010, to
June 30, 2015. Informed consent was waived for this study.
For the historical control group, we searched our institution’s
surgical database for all neonates with shunt-dependent SV
defects who were discharged after neonatal palliation
between January 1, 2007, and November 30, 2010 (last date
before the introduction of the ISVMP). All infants with shunt-
dependent SV defects were eligible for enrollment in the
ISVMP. For this analysis, patients who received an aortopul-
monary shunt in anticipation of a biventricular repair and
those who remained inpatient during the interstage period or
who died during the neonatal hospitalization were excluded
(Figure 1).

Home Monitoring Program
As part of the ISVMP, all patients were discharged home with
a pulse oximeter and weighing scale. The components of the
program included (1) standardization of the neonatal dis-
charge criteria and process; (2) standardization of parental
education before neonatal discharge; (3) daily home monitor-
ing by parents, including daily oxygen saturation measure-
ment, daily weight measurement, and feeding log; (4) weekly
home nursing visits documenting oxygen saturation, weight,
mode of feeding, and formula type and amount; (5) weekly
phone calls to parents by a dedicated ISVMP nurse practi-
tioner; (6) involvement of a registered dietician; (7) biweekly
pediatrician visits; (8) biweekly (after Norwood) or monthly
(other shunt-dependent patients) cardiology visits with
focused echocardiograms; (9) weekly review of patients by a
dedicated ISVMP team; and (10) scheduling of standard stage
2 operation at 4 to 5 months of age. Even though we had a
dedicated ISVMP physician team that included 5 cardiologists,
we did not have a dedicated SV clinic. Communication and

Figure 1. Flow diagram for patient enrollment and outcomes. Flowchart to describe total neonates
undergoing surgery, including which participants were included in analysis, and outcomes. ISVMP indicates
infant single-ventricle management and monitoring program.

Clinical Perspective

What Is New?

• In this large single-center study, implementation of an infant
single-ventricle management and monitoring program was
associated with a significant reduction in interstage mor-
tality in infants with hypoplastic left heart syndrome
undergoing the Norwood operation but not in those
undergoing initial neonatal palliation of shunt only.

• It is worth noting that a reduction in interstage mortality was
achieved by standardization of care for this patient population
without the creation of a dedicated single ventricle clinic.

What Are the Clinical Implications?

• Further studies are needed to identify specific components
of the monitoring program that have the biggest impact on
interstage survival.
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comanagement was ongoing throughout the interstage period
among the ISVMP team members, particularly the dedicated
nurse practitioner and the primary cardiologists.

Data Collection
Medical records were reviewed to abstract demographic and
relevant surgical and medical variables from the neonatal and
stage 2 hospitalizations. The interstage period started on the
date of discharge from neonatal admission and ended on the
date of stage 2 or death. Any admission in the interstage
period was characterized as an interstage readmission.
Duration of interstage readmission (in days) and events
during interstage readmission, such as unplanned cardiac
catheterization and surgeries other than stage 2, were
recorded. Unplanned cardiac catheterization was defined as
a cardiac catheterization that was not scheduled as routine
before the stage 2 operation, based on review of records.
Concurrent surgery at the time of stage 2 operation included
pulmonary arterioplasty, atrioventricular valvuloplasty, and
atrial septectomy. Study covariates pertinent to the neonatal
admission included gender, presence of genetic syndrome,
Norwood operation, shunt type (Blalock–Taussig or right-
ventricle-to-pulmonary-artery shunt), cardiopulmonary bypass
times, length of mechanical ventilation, need for cardiopul-
monary resuscitation or extracorporeal membrane oxygena-
tion, and length of hospital stay. Covariates pertinent to
neonatal admission hospital discharge included weight-for-
age Z score (WAZ), number of medications, use of digoxin, and
distance of primary residence to CHOP. Echocardiographic
variables during neonatal admission were obtained by review
of reports.

Statistical Analysis
Demographic and clinical characteristics for the ISVMP and
control groups were summarized using mean�SD or median
(interquartile range [IQR]) for continuous variables and
frequency (percentage) for categorical variables. For contin-
uous variables, means or medians were compared using
Student t or Wilcoxon–Mann–Whitney U tests, as appropriate.
Categorical variables were compared using the v2 or Fisher
exact test.

Because inclusion in the ISVMP or control group was not
randomized in this observational study, we sought to account
for the presence of unmeasured factors that could be
associated with exposure (ISVMP versus control) and out-
come and thus be potential confounders of that association.
We used a simultaneous equation approach analogous to
instrumental variable (IV) analysis to account for measured
and unmeasured factors that might differ between ISVMP and
control patients.8,9 This approach relies on the availability of

an IV that fulfills the following characteristics: (1) It is strongly
correlated with ISVMP enrollment, (2) it is independent of
unmeasured confounders, and (3) it has no direct effect on
outcome except through its effect on program. The IV serves
as a surrogate for randomization used to extract variation in
the ISVMP that is free of confounding to allow us to estimate
the relationship between the ISVMP and the outcome.10

Extrapolating from other treatment effectiveness studies, we
used distance to CHOP as the IV because distance to receive
treatment is often associated with socioeconomic status and
other unmeasured characteristics that need to be con-
trolled.9,11 Distance to CHOP was strongly associated with
enrollment in the ISVMP but was not associated with mortality
except through its association with ISVMP and thus met the IV
selection criteria.

To estimate the effect of the ISVMP on interstage
mortality, we conducted simultaneous-equations bivariate
probit models because we needed 2 nonlinear models for
the dichotomous measures: program (ISVMP and controls)
and outcome (mortality). We used probit models for our
ISVMP and outcome equations and covariates associated
with the ISVMP and/or outcome This model assumed a
bivariate normal distribution for the error terms in the 2
equations. For ease of interpretation, we did not report the
raw probit coefficient but instead report the adjusted
probability of the outcome for the effect of the program
(with a 95% CI). Because the ISVMP comprised several
components and they were implemented for patient care
concurrently, single aspects of the program were not
examined individually. To examine whether the effect of
the ISVMP on interstage mortality differs according to shunt
type in the Norwood patients, we also ran an interaction
model with a program-by-shunt-type interaction and report
the P value from that model.

Analysis of Impact of Age at Stage 2 Operation on
Survival
The potential effect on outcome of younger age at stage 2 in
the ISVMP group was examined using the Aalen additive
hazards model, which was selected instead of the propor-
tional hazards model, given that the occurrence of the stage
2 operation was not a rare event.12 Time was measured
from discharge from neonatal surgery to either date of
admission for stage 2 operation (event) or date of death/
end of follow-up period (censoring). A 2-staged least squares
approach was used in which the predicted values of the
program on the IV were used as a covariate in the second-
stage regression of the multivariable additive hazards
model.13 The estimated cumulative time-varying effects of
first-stage fitted values of the IV were obtained and
presented graphically.
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All statistical analyses used 2-sided tests and were
performed using a=0.05 for the threshold of statistical
significance. SAS software (v9.4; SAS Institute) and STATA
v15 (StataCorp) were used, and the additive hazards model
was computed using standard software.

Results

Patient Characteristics and Neonatal
Hospitalization
There were 166 participants in the ISVMP group and 168
historical controls. Overall, 28 cases and 27 controls were
excluded because they either died (22 cases and 19 controls)
or were not discharged from the initial neonatal hospitaliza-
tion (6 cases and 8 controls). Baseline characteristics were
comparable between groups except that, compared with
controls, ISVMP participants had greater gestational age

(38.5�1.4 versus 38.1�1.7 weeks, P=0.04), were more
likely to have a prenatal diagnosis (97% versus 90%,
P=0.007), and were older at neonatal surgery (4 days [IQR:
3–6] versus 4 days [IQR 2–6], P=0.01; Tables 1 and 2). The
groups were comparable in terms of percentage of partici-
pants undergoing the Norwood operation; however, a greater
proportion of these participants received a right-ventricle-to-
pulmonary-artery shunt compared with a Blalock–Taussig
shunt in the ISVMP (36% and 64%, respectively, in ISVMP
versus 21% and 79%, respectively, in the control group;
P=0.006; Figure 2). Duration of cardiopulmonary bypass was
shorter in the ISVMP group compared with controls (76 ver-
sus 80 minutes, P=0.003). At the time of hospital discharge,
the groups were comparable but a higher proportion of
participants in the ISVMP group had at least moderate
atrioventricular valve regurgitation on echocardiography
(Table 3).

Interstage Mortality
An ISVMP participant compared with a historical control had
29% lower predicted probability of death in the interstage
period using the bivariate probit model with the IV approach
(adjusted probability: �0.29; 95% CI, �0.52 to �0.057;
P=0.015). Results from the Aalen additive hazards model
suggest that this difference in mortality does not appear to be
related solely to younger age at stage 2 in the ISVMP group.
Age at the stage 1 operation was included in the model. In

Table 1. Baseline Characteristics

ISVMP (n=166) Historical (n=168) P Value

Male sex 92 (55) 109 (65) 0.1

Birth weight, kg 3.2�0.5 3.2�0.5 0.9

Birth WAZ �0.48�0.96 �0.52�0.95 0.72

Gestational age, wk 38.5�1.4 38.1�1.7 0.04

Prematurity (<37 wk) 13 (8) 20 (12) 0.21

Prenatal diagnosis 155 (97) 149 (90) 0.007

Presence of genetic
syndrome

6 (3.6) 6 (3.6) 1

Presence of heterotaxy
syndrome

18 (11) 10 (6) 0.11

Pulmonary vein
abnormalities

20 (12) 10 (6) 0.06

Anatomy 0.76

HLHS 84 (51) 90 (54)

HLHS with aortic
atresia

30 26

Tricuspid atresia 12 10

Ebstein anomaly 3 1

Atrioventricular
canal defect

20 15

Double-outlet right
ventricle

13 15

PA/IVS 14 11

Other 20 26

Counts are expressed as n (%), and continuous variables are expressed as mean�SD.
Means were compared using Student t or Wilcoxon–Mann–Whitney U tests for
continuous variables, as appropriate. Categorical variables were compared using the v2

or Fisher exact test. HLHS indicates hypoplastic left heart syndrome; ISVMP, infant
single-ventricle management and monitoring program; PA/IVS, pulmonary atresia with
intact atrial septum; WAZ, weight-for-age Z score.

Table 2. Hospital Characteristics at Neonatal Operation

ISVMP
(n=166)

Historical
(n=168) P Value

Age at first operation, d 4 (3–6) 4 (2–6) 0.01

Norwood operation, n 116 131 0.13

BT shunt 74 (64) 104 (79) 0.006

RV-PA shunt 42 (36) 27 (21)

BT shunt only 50 37 0.28

Cardiopulmonary bypass
time, min

76 (31–90) 80 (72–106) 0.003

Mechanical ventilation, d 1 (1–3) 2 (2–4) 0.1

CPR 10 (6.3) 16 (10) 0.2

ECMO 6 (3.8) 9 (5.4) 0.5

Arrhythmias 49 (31) 59 (36) 0.29

Length of hospital stay, d 22 (16–35) 24 (17–38) 0.6

Counts are expressed as n (%), continuous variables are expressed as median
(interquartile range). Medians were compared using Student t or Wilcoxon–Mann–
Whitney U tests for continuous variables, as appropriate. Categorical variables were
compared using the v2 or Fisher exact test. BT indicates Blalock–Taussig shunt; CPR,
cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; ISVMP,
infant single-ventricle management and monitoring program; RV-PA, right ventricle to
pulmonary artery.
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addition, the lower probability of mortality in the ISVMP group
was independent of gestational age (adjusted probability:
�0.26; 95% CI, �0.5 to �0.026; P=0.03). The overall
interstage mortality was lower for ISVMP participants com-
pared with controls (5.4% versus 13%, P=0.02), and similar
rates were found in the subgroup of participants with HLHS
(4.8% versus 14%, P=0.03; Table 4). The effect of the ISVMP

on interstage mortality did not vary by type of shunt placed
during the Norwood operation (P=0.2). No relationship was
observed between the ISVMP and interstage mortality in the
shunt-only group (adjusted probability: �0.055; 95% CI,
�0.56 to 0.45; P=0.83). In the shunt-only group (n=87), the
interstage mortality in the ISVMP group was 10% (5/50)
compared with 10.8% (4/37) among the controls (P=0.90). A
majority of the shunt-only deaths occurred in participants with
pulmonary atresia with intact ventricular septum (3 each in
the ISVMP and control groups).

Unplanned Catheterizations and Readmissions in
the Interstage Period
The proportion of participants undergoing unplanned catheter-
izations during the interstage period was comparable between
groups (26% of ISVMP versus 24% of control, P=0.66). The
ISVMP group had a greater percentage of participants with at
least 1 interstage readmission compared with the historical
control group (63% versus 46%, P=0.002) and had a greater
number of interstage readmissions per participant compared
with controls (1 [IQR: 0–2] versus 0 [IQR: 0–1], P<0.001;
Table 4). Although the ISVMP group had more readmissions,
they were shorter in duration compared with those of the
control group (median: 3 days [IQR: 2–7] versus 4 days [IQR:
2–10]; P=0.02). A majority of these readmissions were
observational, requiring no to minimal intervention.

Stage 2 Characteristics
Participants in the ISVMP were younger at the time of the
stage 2 operation compared with the historical controls (138
versus 160 days, P<0.001), had higher median WAZ (�0.9
versus �1.4, P<0.001), and were more likely to have
concurrent surgery at stage 2 (48% versus 33%, P=0.002),
with pulmonary arterioplasty being the most common addi-
tional procedure (Table 4; Figure 3). During the stage 2
admission, the ISVMP group had more postoperative catheter-
izations in the ISVMP group (13% versus 5.5%, P=0.01), with a
trend towards more interventions (13/157 versus 5/146 in
controls, P=0.07). Despite this, there was no difference in
length of stay or mortality after stage 2 between groups.

Discussion
In this study, we investigated the impact of an ISVMP in a
high-volume center on interstage and stage 2 outcomes in
shunt-dependent SV defects. We report overall lower inter-
stage mortality, with a probability of interstage death
decreasing by nearly 30% in the ISVMP group compared with
historical controls. The interstage period was shorter in the

Figure 2. Distribution of shunt type between groups. Distribu-
tion of either BT shunt or RV-PA shunt between the ISVMP cohort
and historical controls. BT indicates Blalock–Taussig shunt;
ISVMP, infant single-ventricle management and monitoring pro-
gram; RV-PA, right ventricle to pulmonary artery.

Table 3. Hospital Characteristics at Discharge

ISVMP (n=166) Historical (n=168) P Value

Weight at discharge, kg 3.4 (3.1–3.8) 3.4 (3.1–3.7) 0.4

WAZ �1.3 (�2.0
to �0.7)

�1.4 (�2.2
to �0.8)

0.19

Prescribed digoxin 42 (27) 46 (29) 0.74

Ventricular function* 0.3

Normal 81 (50) 68 (41)

Mildly diminished 66 (40) 78 (47)

Moderately diminished 16 (10) 18 (11)

Severely diminished 0 (0) 1 (1)

Atrioventricular
valve regurgitation*

0.01

None or trivial 98 (60) 126 (77)

Mild 55 (34) 35 (21)

Moderate 8 (5) 3 (2)

Severe 1 (1) 0 (0)

Counts are expressed as n (%), continuous variables are expressed as median
(interquartile range). Medians were compared using Student t or Wilcoxon–Mann–
Whitney U tests for continuous variables, as appropriate. Categorical variables were
compared using the v2 or Fisher exact test. ISVMP indicates infant single-ventricle
management and monitoring program; WAZ, weight-for-age Z score.
*On echocardiogram.
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ISVMP group compared with the historical control group
because stage 2 was completed at a younger age in the
former. Based on our analysis, the significant reduction in risk
of mortality did not appear to be associated solely with
younger age at stage 2. Younger age at stage 2 was not
associated with higher postoperative mortality or longer
length of stay after the stage 2 operation.

Our center has previously reported interstage mortality of
10% for infants with HLHS and variants undergoing the
Norwood operation between 1998 and 2005.2 Similarly, the
SVR (Single Ventricle Reconstruction) trial reported interstage
mortality of 12% for participants with HLHS and related right
ventricular anomalies undergoing the Norwood operation
between 2005 and 2008.14 In the SVR trial, there was a
survival difference based on shunt type in participants with
less than moderate atrioventricular valve regurgitation, with
better survival among those who received a right-ventricle-to-
pulmonary-artery shunt. In this study, even though the ISVMP

group included a greater proportion of participants with a
right-ventricle-to-pulmonary-artery shunt, based on our anal-
ysis, there was no difference in interstage mortality based on
shunt type alone for participants undergoing the Norwood
operation as the initial palliation.

In the first single-center publication of the use of home
monitoring, there was a reduction in interstage mortality in
infants with HLHS from 15% to 0%.5 Since that time, multiple
institutions have created similarly modeled HMPs in efforts to
reduce interstage mortality, with varying results. Some
studies demonstrated significant reductions in interstage
mortality, including no mortality at all, whereas others
reported no change.3,15–17 The NPCQIC has reported a
decrease in cumulative mortality among its centers from
9.5% between 2008 and May 2013 to 5.4% between June
2013 and August 2014. With one of the largest single-center
cohorts of any study to date, we report a 29% reduction in
probability of interstage mortality in participants with HLHS by

Table 4. Interstage and Stage 2 Operation Characteristics

ISVMP (n=166) Historical (n=168) P Value

Overall interstage mortality 9 (5.4) 22 (13) 0.02

Interstage mortality for HLHS subset 4 (4.8) 12 (14) 0.03

Interstage mortality for the shunt-only subset 5 (3) 4 (2.4) 0.90

Age at stage 2 operation, d 138 (126–158) 160 (138–188) <0.001

Weight (kg), when measured 6.1 (5.5–6.8) 6.1 (4.1–6.7) 0.97

WAZ �0.9 (�1.6 to �0.1) �1.4 (�2 to �0.7) <0.001

At least 1 interstage admission 104 (63) 78 (46) 0.002

Interstage admissions per participant 1 (0–2) 0 (0–1) <0.001

LOS for interstage admission, d 3 (2–7) 4 (2–10) 0.02

Interstage unplanned catheterization 40 (24) 43 (26) 0.66

Stage 2 operation 0.09

Glenn operation 123 (79) 101 (69)

Hemi–Fontan operation 29 (18) 42 (29)

Kawashima operation 4 (3) 3 (2)

Concurrent cardiac surgery at stage 2 95 (48) 65 (33) 0.002

Need for ECMO 3 (2) 2 (1) 0.5

Repeat operation during stage 2 admission 1 (0.7) 2 (1.4) 0.6

Catheterization during stage 2 admission 21 (13) 8 (5.5) 0.01

Catheterization with intervention 13 (8) 5 (3) 0.07

LOS for stage 2 operation, d 7 (6–13) 7 (4–15) 0.4

Mortality during stage 2 admission 4 (3) 3 (2) 0.5

1-Year mortality after stage 2 1 (3) 4 (5) 0.7

Counts are expressed as n (%), and continuous variables are expressed as median (interquartile range). Medians were compared using Student t or Wilcoxon–Mann–Whitney U tests for
continuous variables, as appropriate. Categorical variables were compared using the v2 or Fisher exact test. The instrumental variable approach was only used to calculate the impact of
ISVMP on interstage mortality. ECMO indicates extracorporeal membrane oxygenation; HLHS, hypoplastic left heart syndrome; ISVMP, infant single-ventricle management and monitoring
program; LOS, length of hospital stay; WAZ, weight-for-age Z score.
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implementation of ISVMP. Our program was able to achieve
this reduction in mortality without a dedicated SV clinic;
rather, participants were seen in the interstage period by
primary cardiologists within and outside our center. It is
possible that the success of the program can largely be
attributed to the nurse practitioner dedicated to the ISVMP,
by virtue of close communication not only with the care teams
but with the families. Interestingly, the ISVMP did not afford a
protective effect on the subgroup of participants with a
Blalock–Taussig shunt only. A majority of deaths (6/9)
occurred in participants with pulmonary atresia with intact
ventricular septum. This high-risk group constituted nearly a
third of the shunt-only group.

We report a significant increase in the number of
interstage readmissions in the ISVMP group compared with
historical controls. Other studies have also observed
frequent readmissions with implementation of HMP. In a
multicenter report from the NPCQIC, 66% of patients
experienced at least 1 interstage readmission, a majority
of which were short admissions for observation and other
limited diagnostic testing to rule out life-threatening alter-
ations in anatomy or physiology.18,19 It is conceivable that
readmission to the hospital for careful observation, assess-
ment, and, in some cases, intervention prevented death in
this subset of patients.

Patients in the ISVMP group were younger at the stage 2
operation than those in the historical control group, similar to
previous reports including our own.20,21 This finding was
expected given that as part of the ISVMP, participants were
consistently scheduled for the stage 2 operation at
�4 months of age. Although this strategy led to younger
age at the time of the stage 2 operation, our analysis suggests
that younger age at stage 2 was not the only factor

contributing to decreased mortality in the ISVMP. A recent
multicenter report demonstrated that survival appears to be
greatest when completion of the stage 2 operation occurs
after 3 months of age for low- and intermediate-risk
patients.22 Others, however, have found that stage 2
performed before age 4 months had no impact on early or
late outcomes.23

At the time of discharge from the initial neonatal
hospitalization or the beginning of the interstage period,
participants in the ISVMP and historical control groups had
similar weight and WAZ. Despite younger age at stage 2 in
the ISVMP group, participants had the same median weight
and higher WAZ at the time of the stage 2 operation. This
improvement in growth more than likely reflects standard-
ized nutritional surveillance and management throughout
the interstage period as part of the ISVMP. In contrast,
minimal if any nutritional surveillance was available in the
interstage period for our historical control group before
implementation of the ISVMP. This finding is similar to
findings of other studies that have reported better weight
gain during the interstage period as a benefit of HMPs.19,24

It has been suggested that weight gain is an important
factor for stage 2 and long-term neurodevelopmental
outcomes.19,25 It is possible that the better WAZ of our
participants contributed favorably to stage 2 outcomes
despite younger age, but this aspect of the ISVMP was
outside the scope of this study.

We report increased incidence of cardiac catheterization
after the stage 2 operation in the ISVMP group, but no other
differences in morbidity or mortality were noted during the
stage 2 admission. Although the reason for increased
frequency in cardiac catheterizations after stage 2 is difficult
to ascertain, it may reflect a practice change in our center,
with a lower threshold for performing a cardiac catheteri-
zation when patients are not recovering as clinically
expected.

We found similar survival and length of hospital stay at
stage 2 and no difference in mortality beyond stage 2 up to
1 year of age. This finding was limited by the small number of
deaths after stage 2 and warrants further study to investigate
whether the ISVMP can exert an effect on longer term
outcome. Contrary to our finding, others have reported a
protective effect on mortality to 1 year, despite no impact on
interstage survival.17

Limitations
Our study is one of the largest single-center studies to
evaluate the impact of an HMP on interstage mortality in the
recent era. We acknowledge several limitations of the study.
Our study design is retrospective and quasi-experimental, with
a before versus after analysis plan, making it difficult to fully

Figure 3. Age at stage 2 operation by group. Box plot of age at
the stage 2 operation in days, comparing the ISVMP cohort and
historical controls. ISVMP indicates infant single-ventricle man-
agement and monitoring program.

DOI: 10.1161/JAHA.118.010783 Journal of the American Heart Association 7

HMP and Interstage and Stage 2 Outcomes Gardner et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



account for era bias or some degree of misappropriation of
benefit of instituting the ISVMP. As such, our results reflect an
association with introduction of the ISVMP, with findings not
directly attributed to causation. Assignment to the ISVMP was
not randomized; therefore, our results are not quite general-
izable to the population of patients with SV heart disease.
Although we used robust statistical methods, the effect of
younger age at stage 2 or shorter interstage period on the
beneficial effect of the program will continue to be a
challenging question to answer. We report more frequent
readmissions in the ISVMP group but acknowledge that
additional details are not included in this article. Readmis-
sions will be the focus of a future analysis. Finally, we were
unable to quantify the beneficial effects of the individual
elements of the ISVMP, particularly the role of the nurse
practitioner dedicated to the program. Future efforts should
focus on trying to identify program components that have the
most impact on outcomes. Given these results and HMPs
becoming standard of care at many institutions, a randomized
clinical trial to assess the impact of home monitoring is
improbable.

Conclusions
In this single-center study, we report a significantly lower
interstage mortality in patients with HLHS in the ISVMP group.
Younger age at stage 2 or participation in the ISVMP did not
increase mortality or length of stay after the stage 2
operation. These results validate the NPCQIC’s recommenda-
tion of standardization of patient care during the interstage
period with HMPs. Future studies will further assess read-
missions and growth in the interstage period, resource
utilization associated with the ISVMP, and the impact of the
ISVMP on long-term survival.
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