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BACKGROUND In the SVR (Single Ventricle Reconstruction) Trial, 1-year survival in recipients of right ventricle to

pulmonary artery shunts (RVPAS) was superior to that in those receiving modified Blalock-Taussig-Thomas shunts

(MBTTS), but not in subsequent follow-up. Cost analysis is an expedient means of evaluating value and morbidity.

OBJECTIVES The purpose of this study was to evaluate differences in cumulative hospital costs between RVPAS and

MBTTS.

METHODS Clinical data from SVR and costs from Pediatric Health Information Systems database were combined.

Cumulative hospital costs and cost-per-day-alive were compared serially at 1, 3, and 5 years between RVPAS and MBTTS.

Potential associations between patient-level factors and cost were explored with multivariable models.

RESULTS In total, 303 participants (55% of the SVR cohort) from 9 of 15 sites were studied (48% MBTTS). Observed

total costs at 1 year were lower for MBTTS ($701,260 � 442,081) than those for RVPAS ($804,062 � 615,068), a

difference that was not statistically significant (P ¼ 0.10). Total costs were also not significantly different at 3 and 5 years

(P ¼ 0.21 and 0.32). Similarly, cost-per-day-alive did not differ significantly for either group at 1, 3, and 5 years (all

P > 0.05). In analyses of transplant-free survivors, total costs and cost-per-day-alive were higher for RVPAS at 1 year

(P ¼ 0.05 for both) but not at 3 and 5 years (P > 0.05 for all). In multivariable models, aortic atresia and prematurity

were associated with increased cost-per-day-alive across follow-up (P < 0.05).

CONCLUSIONS Total costs do not differ significantly between MBTTS and RVPAS. The magnitude of longitudinal costs

underscores the importance of efforts to improve outcomes in this vulnerable population. (JACC Adv 2022;1:100029)

© 2022 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AE = adverse event

CI = confidence intervals

HLHS = hypoplastic left heart

syndrome

MBTTS = modified Blalock-

Taussig-Thomas shunt

PHIS = Pediatric Health

Information Systems Database

PHN = Pediatric Heart Network

RVPAS = right ventricle to

pulmonary artery shunt

SVR = Single Ventricle

Reconstruction Trial
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D espite concerted efforts to improve
outcomes, children with hypoplas-
tic left heart syndrome (HLHS)

and other single ventricle lesions are at risk
for early mortality and morbidity.1-3 The
SVR (Pediatric Heart Network Single
Ventricle Reconstruction Trial) sought to
determine whether the use of a right
ventricle to pulmonary artery
shunt (RVPAS) instead of a modified
Blalock-Taussig-Thomas shunt (MBTTS)
(Central Illustration) would improve clinical
outcomes after Norwood reconstruction. In
SVR, randomization to RVPAS conferred a
10% absolute reduction in mortality relative
to MBTTS at 12 months.2 However, in longer follow-
up, the differences in transplant-free survival are no
longer statistically significant.5,6 RVPAS has been
associated with increased morbidity, specifically,
reduced pulmonary artery growth2 and more frequent
reinterventions.1,7 Moreover, concern has been raised
that RVPAS may increase the likelihood of ventricular
dysfunction5,8 and/or ventricular arrhythmias.9

The optimal shunt type at Norwood remains un-
settled. An obstacle to comparing longer term out-
comes in this population is the range of adverse
events (AEs) that can occur, which vary in both their
frequency and severity. Counts of these events are
both underpowered and complicated by the variety of
AEs. Composite outcomes are expedient but conflate
AEs of different severities (eg, uncomplicated rein-
tervention and death), potentially implying a false
equivalency. Attrition, which inevitably reduces sta-
tistical power, is another significant obstacle. Costs
can serve a complementary outcome measure, not
only of value but also as an integrated measure of
morbidity (since sicker patients tend to accrue more
costs).10-13
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To study whether RVPAS or MBTTS conferred a
cost advantage, we combined clinical data from the
SVR trial and hospital cost data from the Pediatric
Health Information Systems (PHIS) database,
leveraging the strengths of the clinical trial
(randomization and prospective data collection) and
the administrative database (expedient multicenter
cost data). We hypothesized: 1) that the initial mor-
tality benefit for RVPAS would result in short-term
cost savings; and 2) that late morbidity would be
associated with diminution of the initial cost benefit
and ultimately higher costs for RVPAS than for
MBTTS.

METHODS

DATA SOURCES. The Pediatric Heart Network (PHN),
funded by the National Heart, Lung, and Blood
Institute, conducted the SVR I and SVR II trials, the
designs of which have been described.14 In summary,
555 neonates undergoing Norwood operation at 15
centers in North America from 2005 to 2008 were
randomized to either MBTTS or RVPAS to provide
pulmonary blood flow, with data collected about
preoperative condition and longitudinal follow-up
through 6 years.5,6

PHIS is an administrative database that contains
data from inpatient, emergency department, ambu-
latory surgery, and observation encounters from 52
not-for-profit, tertiary care pediatric hospitals in
North America affiliated with the Children’s Hospital
Association (Overland Park, Kansas). No Canadian
SVR sites contributed data to PHIS during the study
period. Data quality and reliability are assured
through a joint effort between Children’s Hospital
Association and participating hospitals. Participating
hospitals provide discharge/encounter data including
demographics, diagnoses, and procedures, as well as
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CENTRAL ILLUSTRATION Association of Shunt Type and Cumulative In-Hospital Costs After
Norwood Procedure

O’Byrne ML, et al. JACC Adv. 2022;1(2):100029.

(A) Norwood procedure with right ventricle to pulmonary artery shunt (Top) and modified Blalock-Taussig-Thomas shunt (Bottom). Image from

Menon et al.4 (B) Total costs and cost-per-day alive. Box-and-whiskers plot depicting the accumulation of total cumulative costs (Top) and cost-per-day-

alive (Bottom) for Blalock-Taussig-Thomas Shunt (MBTTS) (blue) and right ventricle to pulmonary artery shunt (RVPAS) (red). The solid line in the box

depicts the median cost, the open circle depicts the mean cost, the box depicts the range between the 25th and 75th percentiles, and the whiskers depict

1.5 times the interquartile range. SVR ¼ single ventricle reconstruction.
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resource utilization data (eg, pharmacy products,
radiologic studies, and laboratory studies). Data are
deidentified at the time of data submission and are
subjected to a number of reliability and validity
checks.

The proposed study was reviewed as an ancillary
study by the PHN Ancillary Studies and SVR Trial
Committees. Data use agreements with both Chil-
dren’s Hospital Association and HealthCore (the data-
coordinating center for PHN) were obtained. The
institutional review board of The Children’s Hospital
of Philadelphia reviewed the project and determined
that it was exempt from review, as it did not consti-
tute research with human participants in accordance
with the Common Rule (45 CFR 46.102(f)). Because of
the terms of data-use agreements with Children’s
Hospital Association, the combined data set will not
be made available. Data from SVR are available from
PHN after a review, or as a deidentified public-use
data set. Statistical code and methods will be made
available upon request.

Prospectively collected data from the SVR I trial
and SVR II follow-up study were combined with data
from PHIS by linking these 2 data sets using a previ-
ously validated method15 of probabilistic matching,
which utilized indirect identifiers for the incident
hospitalization, specifically hospital, sex, date of
admission (�1 day), date of discharge (�1 day), and
date of birth (�1 day) as described previously.16,17

Ninety-eight percent of trial subjects from PHIS cen-
ters were matched.17 A comparison of measurable
participant level factors was performed, demon-
strating that the proportion of participants of His-
panic ethnicity was higher at trial centers
contributing data to PHIS than at centers not
contributing data to PHIS (P ¼ 0.03), whereas the
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prevalence of associated anatomic diagnosis was
higher in the nonmatched cohort (P ¼ 0.003). There
were otherwise no significant differences (data not
shown).

STUDY DESIGN/STUDY MEASURES. The study was a
secondary analysis of a clinical trial with prospective
longitudinal data collection2,14 in which additional
hospital cost data were added to a subset of the
original study population by merging trial data with
administrative data. The primary exposure was the
randomization-assigned shunt type (MBTTS vs
RVPAS). The primary outcome was total measured
hospital costs associated with inpatient and obser-
vation admissions at 1, 3, and 5 years of age (costs
accrued from date of birth through first, third, and
fifth birthdays). A complementary primary outcome
was cost-per-day-alive (to mitigate the bias intro-
duced by early mortality).13 Total medical costs from
recorded inpatient and observation admissions were
measured. Outpatient costs, nonmedical costs, and
lost productivity were not evaluated. Two additional
limitations of PHIS as a data source are: 1) hospital
encounters were only captured if they occurred at the
hospital at which the initial Norwood operation was
performed; and 2) data about observation (ie, short-
stay encounters) were not recorded uniformly at all
PHIS hospitals during the study period. Although
these limitations made overall estimates of longitu-
dinal cost less accurate, randomization at center level
mitigated the bias introduced, since the primary
comparison is in costs between shunt types.

Costs in PHIS were calculated from proprietary
hospital-specific cost-to-charge ratios and adjusted
for regional wage-price indices. We acknowledge that
there are several methods for deriving costs of med-
ical care (goods and services).18 Cost-to-charge ratios
are a standard factor for generating relative costs
between subjects. Other methods such as standard-
ized costing (estimation of the costs of individual
goods and services) may also provide accurate esti-
mates of total cost, but a recent analysis demon-
strated that cost-to-charge ratios and standardized
costing achieve consistent similar estimates of
costs.19 All costs were adjusted for inflation to 2019
United States dollars using the consumer price index
for medical care.

An important obstacle to accurate depiction of
costs is the high rate of death and/or heart trans-
plantation, especially in early follow-up. Differences
in the rate of early deaths/transplant (which are well
established in this cohort2) create the potential for
bias. Generally, sicker patients accumulate higher
costs, and costs preceding an in-hospital death are
likely large. However, after death, costs no longer
accrue. The effect on analysis would be small in the
short term and increases as survivor follow-up time
accrues. A similar pattern could occur with heart
transplantation, with very high costs leading up to
transplant. Since heart transplant recipients are
qualitatively different from patients undergoing
staged palliation, we also chose to censor costs after
date of transplantation in our primary analysis.
Finally, withdrawal from the study (or transfer of
care to a different hospital where costs could not be
counted) would have a similar effect. To mitigate
bias from attrition, 2 steps were taken in terms of
defining the outcomes. First, costs were measured at
3 time points (1, 3, and 5 years). These intervals were
chosen pre hoc, under the expectation that the rate
of cost accumulation would decrease as patients
aged. For total costs, individuals who died, under-
went transplant, or were lost to follow-up in 1 time
period were excluded from analysis in subsequent
time periods.

STUDY ANALYSIS. Participant demographics and
clinical data are summarized using conventional
descriptive statistics. Continuous variables are sum-
marized as median (interquartile range) or mean �
SD, while categorical variables are summarized as
percentages and counts. Comparison of baseline
characteristics has been presented previously.2

However, the cohorts included are restricted to par-
ticipants receiving care at hospitals contributing data
to PHIS during the study period. To demonstrate that
initial block randomization remained effective in the
study population, their baseline characteristics
stratified by shunt assignment at the outset of the
study are compared. To ensure that attrition did not
result in disproportionate distribution of patient-
level factors between shunt type cohorts, the distri-
bution of these covariates is re-evaluated for partici-
pants who survived without a transplant through
1 year of follow-up and through Fontan completion.

The primary analysis is a comparison of the 2 pri-
mary outcomes (total cost and cost-per-day-alive) at
1, 3, and 5 years between MBTTS and RVPAS groups.
Because the study population was randomized, no
adjustments for covariates are performed. Cost data
are invariably right-skewed because of the potential
for extreme high costs, and the optimal statistical
techniques to compare costs remain unsettled.
Techniques that mitigate skew (eg, nonparametric
tests or gamma distribution in multivariable
modeling) provide a measure of central tendency
about the “most likely” costs an individual might
incur, which are useful in describing center-level



FIGURE 1 Study Population

MBTT ¼ modified Blalock-Taussig-Thomas shunt; PHIS ¼ Pediatric Health Information Systems Database; RV PA ¼ right ventricle to

pulmonary artery; SVR ¼ single ventricle reconstruction.
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variation.10,16,20-23 However, parametric statistics
(expressing central tendency and variation using
mean � SD and adjusted analyses using linear
regression) are recommended in clinical trials
because they best represent the cost per individual of
each treatment group24 and more useful for calcula-
tions of cost-effectiveness. For this reason, para-
metric tests (Student’s t-test) were used for primary
analyses. To evaluate whether the use of parametric
statistics introduced bias, nonparametric tests (Wil-
coxon rank sum) were also performed.

Several preplanned sensitivity analyses were per-
formed. First, to mitigate bias introduced by early
censoring due to mortality or heart transplantation,
total costs and cost-per-day-alive through 3 and
5 years were calculated in participants who survived
without transplant through the end of the period,
allowing the exploration of differences in cost that
arose from differences in mortality and those that
arose from differences in ongoing care of survivors.
Second, because of variability in the timing of Fontan,
total costs and cost-per-day-alive were compared
based on completion of stages of palliation (Norwood
operation, superior cavopulmonary connection oper-
ation, and Fontan completion). Finally, to determine
if rates of heart transplantation introduced a cost
difference between RVPAS and MBTTS recipients,
total costs and cost-per-day-alive were compared
including the costs accrued in participants after heart
transplantation.

Two preplanned secondary analyses were per-
formed. First, total costs and cost-per-day-alive were
compared in participants with aortic atresia. The
survival benefit of MBTTS vs RVPAS has been more
robust in this population,2,5,6 and this subanalysis
explores further the degree to which differences in
mortality influence cost. Finally, to evaluate whether
pre-Norwood patient-level factors influenced total
costs and cost-per-day-alive at 1, 3, and 5 years, a
multivariable mixed effects models was used. Fixed
effects were shunt type, aortic atresia, associated
conditions,2,14 non-HLHS anatomy, and gestational
age <38 weeks along with a random intercept for
hospital. Because the goal of these analyses was to
see what the “most likely” effect of each covariate
was on cost, a generalized linear model assuming a
gamma distribution was used to mitigate the effect of
skew in the data25 as has been done in previous
studies of similar data.10,21,26 A second model was
calculated assuming a Gaussian distribution on un-
transformed data. Although this model is more
influenced by extreme values (ie, skew), this is an
alternative strategy.24 Using both these modeling
strategies provides bracketed (least effected by skew
and most effected by skew) estimates of the effects.
Models were also calculated including age to explore



TABLE 1 Study Population

MBTTS
(n ¼ 148)

RVPAS
(n ¼ 158) P Value

Hospitals 0.69

1 3% (5) 7% (11)

2 9% (14) 12% (19)

3 9% (13) 8% (12)

4 12% (18) 11% (17)

5 9% (14) 12% (18)

6 30% (44) 27% (42)

7 15% (22) 13% (20)

8 1% (2) 0% (0)

9 11% (16) 10% (15)

Female sex 39% (57) 37% (57) 0.81

Race 0.47

White 80% (118) 81% (124)

Black 17% (25) 14% (21)

Other/missing 3% (5) 6% (9)

Hispanic ethnicity 20% (29) 28% (43) 0.10

Birth weight (kg) 3.1 � 0.6 3.0 � 0.5 0.08

Gestational age <38 wk (%) 30% (45) 31% (43) 1.00

Age at Norwood (d) 5.1 � 3.3 5.1 � 3.3 0.94

Payer 0.90

Private 41% (60) 40% (61)

Public 39% (58) 42% (64)

Other 20% (30) 19% (29)

Primary diagnosis 0.44

HLHS 87% (129) 86% (132)

Critical AS 1% (1) 0% (0)

Single RV with outflow tract obstruction 5% (8) 3% (5)

RV dominant AV canal 5% (7) 6% (10)

Other 2% (3) 5% (7)

Prenatal diagnosis 74% (110) 82% (126) 0.13

Aortic atresia 66% (97) 66% (102) 0.90

Pulmonary vein stenosis 3% (5) 4% (6) 1.00

Associated diagnosis 30% (44) 25% (38) 0.36

Values are % (n).

AS ¼ aortic stenosis; AV ¼ atrioventricular; HLHS ¼ hypoplastic left heart syndrome; MBTTS ¼ modified
Blalock-Taussig-Thomas shunts; RVPAS ¼ right ventricle to pulmonary artery shunts.
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whether there was a measurable interaction between
shunt type and the trajectory of accruing costs.

There were no missing data in terms of clinical
covariates, so no formal compensation was per-
formed. A threshold of statistical significance of
P < 0.05 was used. Primary analyses were defined pre
hoc, so no adjustments for multiple comparisons
were performed. All analyses were performed using
(SAS v9.4, SAS Institute).

RESULTS

STUDY POPULATION. Matching SVR to PHIS records
produced a study population of 303 participants (48%
MBTTS) treated at 9 hospitals (Figure 1). This study
population is 55% of the original study population
and 66% (9/15) of the original SVR trial centers. Their
characteristics are described in Table 1. There were no
significant differences in the characteristics of the
MBTTS and RVPAS cohorts. Although attrition was
seen (Figure 1), the distribution of covariates did not
change in a disproportionate fashion between MBTTS
and RVPAS cohorts in subsequent follow-up
(Supplemental Tables 1 and 2).

COST OUTCOMES. The point estimate of the
observed total cost in the first year of life for partici-
pants randomized to MBTTS ($701,260 � 442,081)
suggested an advantage over RVPAS (804,062
� 615,068), but the difference was not statistically
significant (P ¼ 0.10, Table 2, Central Illustration B).
Over time, the point estimate continued to favor
MBTTS over RVPA, but the difference at 3 and 5 years
was still not statistically significant (P ¼ 0.21 and
P ¼ 0.32). Evaluation of these differences using
nonparametric tests did not change the observed as-
sociations (data not shown). When expressing dif-
ferences in terms of different stages of palliation
(Norwood, interstage, superior cavopulmonary
connection, and Fontan completion), no difference
was seen in costs between the 2 populations
(Supplemental Table 3A).

In terms of cost-per-day-alive, the point estimate
in the first year of life suggested that costs were lower
for MBTTS ($5,613 � 8,265) than those for RVPAS
($6,596 � 10,990), but the difference was not signifi-
cant (P ¼ 0.38) (Table 2, Central Illustration B). As with
total costs, there were no significant differences in
total costs between MBTTS and RVPA over the first
3 years and 5 years of life either (P ¼ 0.43 and
P ¼ 0.45, respectively).

In sensitivity analyses excluding participants who
died or underwent heart transplantation, at 1 year,
total costs for MBTTS ($656,004 � 331,984) were
lower than those for RVPAS ($776,547 � 556,160;
P ¼ 0.05) (Table 3). This can also be expressed as cost-
per-day-alive ($1,796 � 909 for MBTTS and
$2,126 � 1,523 for RVPAS; P ¼ 0.05) (Table 3). At 3 and
5 years, no significant differences were demonstrated
for either outcome (Table 3).

In the subgroup of patients with aortic atresia,
mortality at 1 year was 20% with no significant dif-
ference between shunt types (P ¼ 0.73), which was
not significantly different from the risk of mortality in
the participants without aortic atresia (P ¼ 0.11).
Mortality, risk of transplant, and composite outcomes
were not significantly different between MBTTS and
RVPAS recipients over the rest of follow-up (data not
shown). In the subgroup of patients with aortic
atresia (n ¼ 97 MBTTS and n ¼ 102 RVPAS),
total costs at 1 year again appeared to favor MBTTS

https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029


TABLE 2 Accumulated Total Costs

MBTTS
(n ¼ 148)

RVPAS
(n ¼ 154) P Value

Total costs

1 y $701,260 � 442,081 $804,062 � 615,068 0.10

3 y $864,071 � 640,518 $978,333 � 920,990 0.21

5 y $996,437 � 828,270 $1,105,594 � 1,040,145 0.32

Total daily costs

1 y $5,613 � 8,265 $6,596 � 10,990 0.38

3 y $4,967 � 85,554 $5,877 � 11,268 0.43

5 y $4,912 � 8,579 $5,784 � 11,300 0.45

Values are mean � SD in US$.

MBTTS ¼ modified Blalock-Taussig-Thomas shunts; RVPAS ¼ right ventricle to pulmonary artery shunts.
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($684,423 � 450,507) over RVPAS ($834,718
� 649,222), but the difference was again not statisti-
cally significant (P ¼ 0.06) (Supplemental Table 4).
Over the rest of the follow-up, there was no difference
in total costs at 3 and 5 years (P ¼ 0.18 and 0.12,
respectively). Cost-per-day-alive at 1 year appeared to
favor MBTTS ($5,667 � 8,127) over RVPAS
($7,437 � 12,038), but this difference was not signifi-
cant (P ¼ 0.23), and no significant difference was
demonstrated at 3 and 5 years (P ¼ 0.30 and 0.32,
respectively).

MODELS EVALUATING THE ASSOCIATION BETWEEN

PATIENT-LEVEL FACTORS AND COST. In multivari-
able models, no significant association was demon-
strated between shunt type and total costs at 1, 3, or
5 years (P ¼ 0.11, P ¼ 0.16, and P ¼ 0.22, respectively)
(Supplemental Table 5). Race, sex, associated diag-
nosis, non-HLHS cardiac anatomy, aortic atresia, and
prematurity were also not significantly associated
with total cost.

In models of cost-per-day-alive, several factors
that were associated with increased cost were iden-
tified (Supplemental Table 6). Aortic atresia was
associated with increased cost per day alive at 1 year
(cost ratio: 1.39; 95% confidence interval [CI]: 1.04-
1.86; P ¼ 0.02). This association remained significant
at 3 years (cost ratio: 1.49; 95% CI: 1.04-2.13; P ¼ 0.03)
and 5 years (cost ratio: 1.49; 95% CI: 1.03-2.15;
P ¼ 0.03). Prematurity was also associated with
increased cost at 1 (cost ratio: 1.50; 95% CI: 1.14-1.98;
P ¼ 0.005), 3 (cost ratio: 1.64; 95% CI: 1.17-2.31;
P ¼ 0.004), and 5 years (cost ratio: 1.65; 95% CI: 1.16-
2.35; P ¼ 0.005).

Alternative models for longitudinal total costs
were calculated to see if there was an interaction
between cost and shunt type (Supplemental Table 7),
but they did not demonstrate a significant association
(P ¼ 0.70). Models assuming a Gaussian distribution
for costs were also calculated (Supplemental Tables 8
and 9).

DISCUSSION

In this analysis combining clinical trial data from SVR
and cost data from PHIS, no significant differences in
total measured medical costs or cost-per-day-alive
were seen between participants randomized to
MBTTS vs those to RVPAS. However, there were dif-
ferences in the accumulation of morbidity and costs
between the 2 shunt types. RVPAS participants,
although have lower mortality in the original trial,
accrued higher costs, among survivors, that matched
the higher costs associated with early death in the
MBTTS cohort. The study also provides longitudinal
measurement of the absolute magnitude of costs of
surgical single ventricle palliation and identifies some
patient-level factors associated with higher cost.
Identifying a higher value strategy between the
MBTTS and RVPAS would require incorporation of
clinical outcomes to calculate the marginal cost-
effectiveness of the 2 strategies27,28 and, therefore,
is not possible at this time.

The public health impact of surgical palliation of
HLHS and related anatomic defects is out of propor-
tion to its incidence. Despite concerted efforts, 5-year
transplant-free mortality remains <70%,5,29-34 and
survivors experience significant morbidity.32 Patients
with single ventricle heart disease consume a dispro-
portionate amount of health care resources.35-38 To our
knowledge, there are no contemporary series detailing
cumulative costs of other resource-intensive pediatric
conditions (eg, extreme prematurity or pediatric can-
cers). In a study of hospital admissions at US primary
pediatric hospitals and their associated costs, HLHS
admissions accounted for 0.15% of admissions (the
63rd most prevalent) but incurred the seventh highest
total costs.35 Although several studies have reported
the costs of initial stage I palliation,16,17,39-41 individual
operations,42 or single-center cohorts,43 this is, to our
knowledge, the first report of the longitudinal costs of
staged palliation in a multi-institutional US cohort.
Future research combining data about cost, morbidity,
and patient-centered/patient-reported outcomes (eg,
health-related quality of life) may help guide decision-
making in the care of these vulnerable patients.

The current study quantifies the resources expen-
ded to complete single ventricle palliation, totaling
approximately $1,000,000 (of in-hospital costs)
regardless of shunt type. This estimate does not
include costs of outpatient follow-up visits for this
high-risk condition, home-monitoring programs,
and parents’ lost wages and/or productivity.
Consistent with previous series,42 the current study

https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029
https://doi.org/10.1016/j.jacadv.2022.100029


TABLE 3 Accumulated Total Costs Excluding Subjects Who Died or Underwent

Heart Transplantation

MBTTS RVPAS P Value

Total costs

1 y, n ¼ 107 (72%), 114 (74%) $656,004 � 331,984 $776,547 � 556,160 0.05

3 y, n ¼ 95 (64%), 95 (62%) $875,549 � 623,776 $972,656 � 926,326 0.40

5 y, n ¼ 56 (38%), 66 (43%) $1,209,790 � 1,092,009 $1,290,784 � 1,241,318 0.71

Total daily costs

1 y, n ¼ 107 (72%), 114 (74%) $1,796 � 909 $2,126 � 1,523 0.05

3 y, n ¼ 95 (64%), 95 (62%) $799 � 569 888 � 845 0.40

5 y, n ¼ 56 (38%), 66 (43%) $662 � 598 707 � 680 0.71

Values are mean � SD in US$. For each time period, the number of participants and the percentage of the total
cohort are listed.

MBTTS ¼ modified Blalock-Taussig-Thomas shunts; RVPAS ¼ right ventricle to pulmonary artery shunts.
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demonstrates that early costs (Norwood through the
second-stage palliation) are disproportionately high,
consuming w70% of the costs accrued over the
first 5 years of life, and analysis restricted to
survivors demonstrate that subjects who die early
accrue disproportionately high costs. This, unsur-
prisingly, is also the period with the highest
likelihood of mortality, morbidity, and unplanned
reintervention.1,2,7,44,45 These findings underscore
the importance of identifying potentially modifiable
factors and care practices (underlying morbidity and
cost) during this critical period to identify how best to
care for this high-risk population.44,46-51

Although smaller in magnitude than in the first
year, costs continue to accrue even after the second-
stage operation. This is consistent with data from
the Australia and New Zealand Fontan Registry
cohort, which demonstrated that after a peak in the
first year of life, costs continued to accrue at a steady
rate through childhood and into adolescence.52 Pre-
viously, concern has been raised about the long-term
risk incurred by the ventriculotomy performed as part
of the RVPAS. In the current analysis, it appears that
in survivors, the use of RVPAS is significantly more
costly, consistent with previous studies demon-
strating that transcatheter reintervention is more
common in the RVPAS at the stage of analysis of SVR
data.5-7 Even though the rate of reintervention ap-
pears higher across 6 years of follow-up, the differ-
ence in the point estimates of cost do not appear to
diverge. This may be due to attrition and type II error,
but it does not support the hypothesis that the ven-
triculotomy or other factors are associated with
higher risk of long-term morbidity. Longer follow-up
and a larger number of participants are necessary to
sufficiently address this question.

In the current analysis, we also attempted
to explore whether patient factors influenced longi-
tudinal costs. The fact that aortic atresia and
prematurity were associated with increased cost-per-
day-alive but not with total costs suggests that they
are associated with increased risk of morbidity, which
has been demonstrated previously.53 Since these are
not modifiable factors, increased vigilance in longi-
tudinal evaluation (including home-monitoring pro-
grams and longitudinal surveillance) in these higher
risk patients may have the potential to improve care
and/or reduce costs. In the current analysis, we
cannot identify other surgical or medical practice
variations that might underlie differences in costs
that have been observed in other series.16,20,22,23,54

Further research is necessary to evaluate which
practices could benefit these vulnerable patients.

STUDY LIMITATIONS. An important limitation to this
study is its generalizability. As a clinical trial, study
sites were large academic centers. The performance
of these sites is not necessarily generalizable. For
individual centers, implementation of these results
should be made in light of local experience and
comfort level with different strategies. The ultimate
decision about shunt type remains one based on both
patient characteristics and the experience of the
center. Data from this study also cannot shed light on
the expected costs of relatively novel approaches to
treatment of children with HLHS and other forms of
single ventricle heart disease.55-61

There are several other limitations to acknowledge.
The study was a clinical trial with power calculated
for its primary endpoint (1-year transplant-free sur-
vival).14 Although cost data usually are statistically
expedient, the current study was limited to a subset
of the initial trial and suffers from both the attrition
noted previously and the tremendous variability in
costs, which all increase the likelihood of type II er-
ror. Unmeasured confounding is always a potential
limitation, but as noted, this should have been miti-
gated by the original trial’s randomized design (which
uniformly distributed both measured and unmea-
sured confounders). As noted previously, PHIS does
not include outpatient costs. These are unlikely to be
differential between RVPAS and MBTTS shunt re-
cipients and, on a unit cost basis, relatively small in
magnitude compared to inpatient and observation
costs but, over time, may represent significant total
costs. To our knowledge, no other studies have
evaluated these costs. Finally, the optimal study
design to identify the optimal strategy is analysis of
marginal cost-effectiveness (the quotient of the dif-
ference in costs and the difference in quality-adjust
life years between 2 or more strategies), but to our
knowledge, there are no standard methods for
measuring utility in children.



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Costs (which are

reflective of morbidity) overall did not differ between partici-

pants randomized to a Blalock-Taussig-Thomas shunt and those

to a RVPAS. However, analysis of survivors suggests that the cost

of living with a RVPAS is higher, consistent with higher reinter-

vention rates, while higher mortality rates increased costs of the

Blalock-Taussig-Thomas shunt strategy. Differences in cost were

derived from differences in the first year of life where the ma-

jority of total costs were accrued. Efforts to improve care should

focus on improving outcomes in this period.

TRANSLATIONAL OUTLOOK: Although it did not reveal

significant differences in costs between shunt types, this analysis

of the SVR trial leads to a better understanding of the economic

and medical impact of operative palliation for single ventricle

heart disease.
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CONCLUSIONS

Despite these limitations, we conclude that early term
costs are influenced by shunt type with higher like-
lihood of transplant and mortality increasing the
costs of recipients of MBTTS, but with the suggestion
that reintervention and other sources of morbidity
are associated with higher costs for RVPAS. There is
no evidence that these costs diverge at 5 years of
follow-up. The study also underscores that single
ventricle palliation consumes a large magnitude of
health care resources, with the majority spent in the
first year of life.
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