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Abstract
Management of hypoplastic left heart syndrome (HLHS) is resource intensive. Heath care systems are pressured to provide 
value to patients by improving outcomes while decreasing costs. A single-center retrospective cohort of infants with HLHS 
who underwent Norwood procedure or hybrid Norwood from 2004 to 2014 and survived to first outpatient follow up were 
studied. The primary outcome was total cost through 12 months with a sub-analysis of patients with 60 months of data. 
Costs were calculated using internal cost accounting system and reported by cost center. Of the 152 HLHS patients identi-
fied, 69 met inclusion criteria. Stage I hospitalization (n = 69), with a median length of stay 34 days [interquartile range 
(IQR) 24–58 days], resulted in a median cost of $203,817 (IQR $136,236–272,453). Of survivors at 12 months (n = 55), the 
median cost was $369,393 (IQR $216,289–594,038) generated in part by a median of 67 (40–126 days) hospitalized days 
during that year. A subgroup analysis of patients who reached 60 months of age (n = 29) demonstrated a median total cost 
of $391,812 (IQR $293,801–577,443) and a median of 74 lifetime hospitalized days (IQR 58–116 days). High cost centers 
included intensive care (41%), non-ICU hospital (17%), operative services (11%), catheterization lab (9%), and pharmacy 
(9%). Using multiple regression analysis, significant drivers of cost included reoperation, length of hospitalization, low 
birthweight, and use of ECMO. Costs related to HLHS management are driven both by care-related complications such as 
surgical re-intervention and patient factors such as low birth weight.
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Introduction

Congenital heart defects (CHD) occur in approximately 1 
out of 100 live births [1] and represent the most common 
cause of infant death related to birth defects. CHD accounts 
for 28% of deaths due to birth defects in the first month of 
life and approximately 50% of the deaths due to birth defects 
during the first 2–12 months [2]. Fortunately, from 1999 
to 2014, death rates attributable to CHD decreased from 
1.6 to 0.9 per 100,000 children. Mortality for children who 
undergo cardiac surgery has decreased to 3.3% [2]. All the 

while, hospital costs for pediatric patients with CHD have 
grown, exceeding $6.6 billion in 2012, accounting for 23% 
of the total cost for all hospitalizations in children and ado-
lescents aged 0–20 years [2].

Prior studies have focused on various aspects of the cost 
of care for children born with significant heart defects that 
require surgery in the first year of life [3–7]. The majority 
of these studies have used administrative databases to track 
increasing resource utilization trends [7], wide variation in 
costs [5], and associations between cost, quality, and medi-
cal center volume [4]. The results of these studies have been 
limited by the structure of the data sets making it difficult 
to link separate episodes of care for one patient over time. 
This in turn restricts a longer-term view of the total costs of 
care. Meaningful studies looking at total cost of care over 
the first 5 years of life, inclusive of all care episodes both 
ambulatory and hospital based, have not been published to 
this date. This concept of understanding costs contributing 
to longitudinal care is particularly important as we move 
toward providing value-based care. As outlined by Porter, 
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real value in healthcare must be considered over the course 
of time, rather than relying wholly on episode-based analy-
sis, both in determining costs and outcomes [8]. Previously 
published work has not addressed all three tiers of Porter’s 
health outcomes hierarchy that may provide further insight 
into the relative value of care provided [8].

This study aims to more fully define the cost of caring for 
infants with hypoplastic left heart syndrome (HLHS) surviv-
ing the first year of life and to begin examining the cost of 
care up to the fifth year of life.

Materials and Methods

Design

This is a single-center retrospective cohort study of all 
infants undergoing single-ventricle palliation at Cincinnati 
Children’s Hospital Medical Center from January 2004 to 
January 2014. Patients were identified using the Society for 
Thoracic Surgeons data registry to select infants who under-
went initial surgical palliation with a Norwood procedure 
or hybrid Norwood procedure. Inclusion criteria required 
planned transition to Glenn and/or Fontan physiology and 
survival to the first outpatient visit. Patients who did not 
survive the initial hospitalization were excluded from analy-
sis. Infants who had ambulatory care at an outside center 
were excluded from analysis to isolate those patients with 
complete financial records. The primary clinical outcome is 
transplant-free survival, and the primary financial outcome 
is total cost incurred during the first year of life with a sub-
group analysis of total cost of care for the group who had 
reached their fifth birthday at the time of analysis. Second-
ary financial analysis included the clinical cost centers that 
contributed most to the cost of care for these infants during 
their first year of life.

Measurement

Demographic data including gestational age at birth, birth 
weight, sex, and residency geographic location at the level 
of census tract and census tract data including distance from 
hospital, median household income, and percent below pov-
erty level were collected for each patient. Due to the hetero-
geneous population of patients undergoing Norwood proce-
dure, we collected clinical information including anatomic 
diagnosis and presence or absence of the following clinical 
factors: any genetic syndrome, coronary anomalies, multiple 
gestation pregnancy, post-operative complication(s) requir-
ing unplanned surgical intervention, ECMO use at any time, 
and ECMO use categorized by surgical stage. Aggregated 
total hospitalization days and number of outpatient clinic 
visits were calculated from dates of services provided in 

billing records. Costs within the first year are reported by 
surgical stages with Stage 1 including data from transfer 
from the birth hospital to discharge after the Norwood sur-
gery. Cost data from birth hospitals are not included as our 
center is not a birth hospital.

Total costs were calculated from Cincinnati Children’s 
Hospital cost accounting reports using the detail trial bal-
ance of gross patient revenue and expenses after elimination 
of cross charges and internally purchased services. Direct 
costs are allocated by the salary expense of each cost center. 
Indirect costs are calculated on the cost center’s building 
square footage, equipment deprecation, and number of 
annual nursing hours. Total costs were calculated by sum-
ming the direct and indirect costs. Costs are allocated inside 
each cost center to the charge code level for both hospital 
and professional fees using relative value units (RVUs). Pro-
fessional fee RVU schedules are updated annually using the 
Center for Medicare and Medicaid Services RVU update. 
Hospital fee RVU schedules are updated biennially after 
internal cost studies are completed. Cost centers analyzed 
in our study include pharmacy, radiology, echocardiography, 
cardiac catheterization laboratory, intensive care unit, oper-
ating room, laboratory, outpatient cardiology, and ambula-
tory care excluding cardiology. Total reimbursement at 1 
and 5 years were determined based on payment dates of ser-
vice from accounts receivable records that included public 
insurer, private insurer, and out of pocket payments for both 
hospital and professional fees. All monetary values were 
inflation adjusted to 2015 dollars using the Bureau of Labor 
Statistics Consumer Price Index.

Statistics

All study participants were analyzed through 12 months of 
life or death/transplant. A subgroup analysis was completed 
for all patients with 60 months of transplant-free survival to 
evaluate longer-term cost trends. Descriptive statistics were 
calculated and reported as median values with interquartile 
range included. Clinical predictors of increased costs were 
identified with single-variable Wilcoxon rank-sum test. We 
attempted to eliminate covariation of clinical predictors for 
increased cost through multivariate analysis. All statistical 
analysis was performed in SPSS and JMP 13.1.0.

Institutional Review

The authors assert that all procedures contributing to this 
work comply with the ethical standards of United States 
Code of Federal Regulations 45 CFR 46 on the protection of 
human subjects and with the Helsinki Declaration of 1975, 
as revised in 2008. This study has been approved by the 
institutional review board at Cincinnati Children’s Hospital 
Medical Center.
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Results

Of 152 HLHS patients identified, 71 met inclusion crite-
ria. Two subjects were excluded due to incomplete finan-
cial record availability leaving 69 patients for analysis. 
See Fig. 1 for cohort size analysis. Cohort demographics 
at each analysis point can be found in Table 1. Cost and 

length of stay, listed in Table 2, includes all care through 
discharge for each surgical stage.

The median length of stay for the stage 1 hospitalization 
was 34 days with an interquartile range (IQR) of 24–58 days. 
The median cost of stage 1 hospitalization was $203,817 
with an IQR of $136,236–272,453. By 12 months of life, 
4 patients had received heart transplants and 9 patients 
had died leaving 55 patients for analysis. The median days 
spent hospitalized in the first year of life was 67 with an 
IQR of 40–126 days including a median of 33 ICU days. 
The median cost of all care at 12 months was $329,308 
with an IQR of $216,289–594,038. Patients who did not 
require ECMO (n = 60) incurred a median cost per hospi-
tal day of $5411 with an IQR of $4593–6136. For those 
who did require ECMO (n = 9), median cost per hospital 
day was $6204 with an interquartile range of $6003–7208 
(p = 0.002). Insurance coverage was as follows: 60% had 
some form of private insurance, 52% received some form 
of public insurance, including 12% of patients that had both 
private and public insurance. Private payers were responsi-
ble for 74% of total payments.

At 5  years of life, 3 patients had undergone cardiac 
transplant and 3 patients had died. 20 patients were not yet 
5 years of age leaving 29 patients for analysis. The median 
total cost was $391,812 with an IQR of $293,801–577,443. 
Insurance coverage was as follows: 55% had some form of 
private insurance, 65% received some form of public insur-
ance, including 20% patients that had both private and pub-
lic insurance. In total, 3 patients (10%) that did not qualify 
for public insurance at 1 year received some form of public 
insurance at 5 years. Private payers were responsible for 65% 
of total payments at 5 years.

Resource utilization breakdown for total cost of care by 
cost center for all 69 patients in the primary cohort is dis-
played in Table 3. High cost centers included intensive care 
(41%), non-ICU hospital care (17%), operating room (11%), 
cath lab (9%), and pharmacy (9%). Medical, anatomic, and 
socioeconomic risk factors that have been reported as signif-
icant in congenital heart disease outcomes were assessed for 
association with increased cost at 12 months of life and are 
listed in Table 4. In multivariable analysis, significant driv-
ers of cost at 12 months of age included reoperation during 
stage 1 or stage 2, length of hospitalization, low birthweight, 
and use of ECMO (all p < 0.05).

152 Norwood pa�ents iden�fied
43 died before first ambulatory visit
38 with care at other centers
2 with incomplete financial records

69 pa�ents in primary cohort

55 pa�ents analyzed at 1 year of 
life

4 transplants
9 deaths

29 pa�ents analyzed at 5 years of 
life

3 transplants
3 deaths
20 not yet 5 years old

Fig. 1   Cohort size analysis and clinical endpoints

Table 1   Cohort demographics

HLHS hypoplastic left heart syndrome, AVC atrioventricular canal, 
DILV double inlet left ventricle, DORV double outlet right ventricle

1st visit (N = 69) 1 year (N = 55) 5 year (N = 29)

Sex 44 males (64%) 35 males (64%) 19 males (65%)
Gest age 39 weeks 39 weeks 39 weeks
Birthweight 3180 g 3180 g 3170 g
Race
 Black 9 (13%) 5 (9%) 3 (10%)
 White 60 (86%) 50 (91%) 26 (90%)

Median income $51,135 $52,239 $51,187
Anatomy
 HLHS 46 (66%) 34 (62%) 17 (48%)
 AVC 8 (12%) 7 (13%) 5 (17%)
 DILV 4 (6%) 4 (7%) 3 (10%)
 DORV 5 (7%) 4 (7%) 2 (7%)
 Heterotaxy 3 (4%) 3 (5%) 2 (7%)

Table 2   Median length of stay 
and median total cost

LOS Length of stay

1st visit (N = 69) 1 year (N = 55) 5 year (N = 29)

Median LOS 34 days 67 days 74 days
 Interquartile range 24–56 days 40–126 days 58–116 days

Median cost $203,817 $369,393 $391,812
 Interquartile range $136,236–$272,453 $216,289–$594,038 $293,801–$577,443
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Discussion

This study describes the cost of care for hypoplastic left 
heart syndrome over a period of 12 to 60 months. We 
emphasize the importance of addressing the longitudi-
nal nature of health care expenditures in medically com-
plex children. Using a cohort cared for at a single center, 
we tracked patients over time and determined total cost 
of care as well as where and when their care was most 
costly. These data provide a first step in targeting longi-
tudinal value-based quality improvement projects in our 
institution.

Pasquali et al. have previously shown that cost decreases 
and quality improves as center volume increases and that 
wide variation exists in costs between referral centers 
[4–6]. Studies including data obtained from the Pediat-
ric Health Information System database have provided 
important information about variation in cost of care, but 
these examinations do not allow for understanding of cost 
of care over time. In order to begin to tackle the task of 
providing high-value, long-term care, we need to turn our 
attention to protensive outcomes as well as cost of care.

This report confirms that care of hypoplastic left heart 
syndrome is considerable and persistent over years of 
management. Despite the complicated nature of caring for 
these infants, this report does provide some potential tar-
gets for reducing cost of care. The intensive care unit and 
surgical complications that result in prolonged ICU stays 
weigh heavily in the value equation. Continued diligence 
to improve surgical technique and reduce post-operative 
complications could have a significant impact on cost of 
care. Inpatient (non-ICU) costs as well as operating room 
and cardiac catheterization costs are also important con-
tributors to total cost of care. Future work might focus on 
how multi-institutional networks like the National Pedi-
atric Cardiology Quality Improvement Collaborative, the 
Pediatric Critical Care Cardiology Consortium, and the 
Pediatric Acute Care Cardiology Collaborative can share 
externally applicable resource utilization and cost infor-
mation to help identify and implement cost-effective care 
strategies.

Risk factors for poor CHD outcomes that have been 
reported in other studies like distance from birth hospital 
[9], socioeconomic disadvantage [10], and single-ventricle 
anatomic variants [11] were not found to be significant in 
our analysis. This discordance with previously published 
data is likely due to our moderate sample size and the 
parameters of the inclusion criteria, including selecting 
only those patients who underwent surgery, survived to 
discharge, and then remained within the Cincinnati Chil-
dren’s ambulatory cardiology clinic structure. Our study 
is also limited by the inability to externalize the absolute 

Table 3   Resource utilization by cost center

Cost center % Total cost

Intensive care 40.9
Non-ICU hospital 17.0
Operating room 11.3
Cardiac catheterization 9.0
Pharmacy 8.8
Laboratory 3.1
Echocardiography 2.8
Radiology 2.5
Non-cardiac ambulatory care 2.2
Cardiac ambulatory care 1.2
Other 1.2

Table 4   Risk factor association with total cost at 12 months

STS Society of Thoracic Surgeons, ECMO extracorporeal membrane 
oxygenation, HLHS hypoplastic left heart syndrome, DILV double 
inlet left ventricle, DORV double outlet right ventricle
a Statistically significant in univariable analysis, used in multivariable 
analysis
– Non-significant in multivariable analysis

Risk factor Univariate analy-
sis (p-value)

Multivari-
ate analysis 
(p-value)

Medical factors
 Sex 0.39 –
 Genetic syndrome 0.95 –
 Stage 1 reoperationa 0.01 < 0.001
 Stage 1 STS complications 0.61 –
 Stage 2 reoperationa < 0.001 0.003
 Stage 2 STS complicationsa < 0.001 –
 Hybrid Norwood procedurea 0.03 –
 Any ECMOa 0.001 0.010
 Birth weighta < 0.001 0.007

Anatomic factors
 Heterotaxy syndrome 0.77 –
 Atrioventricular canal defecta 0.05 –
 HLHS 0.19 –
 DILV 0.61 –
 DORV 0.87 –
 Coronary anomaly 0.57 –

Socioeconomic factors
 Non-white race 0.85 –
 Distance from hospital 0.92 –
 Median household income 0.49 –
 Percent below poverty line 0.36 –
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value of our cost numbers to other centers due to differ-
ences in cost accounting that exist across different con-
genital heart centers. It is likely though that the relative 
resource allocation is similar at other medium-to-high 
volume surgical centers.

There has been a particular focus on controlling costs 
and improving quality and safety in health care over the 
past few decades. These economic and cultural drivers of 
change in medicine have joined under the common banner 
of “value” more recently. Value has been broadly defined 
as increasing quality of care for the same financial cost, or 
decreasing costs without sacrificing quality. In pediatrics, 
CHD has been at the center of the value discussion due to 
the resource intensive nature of care required and life-long 
implications of improving treatment outcomes. This work 
will require better understanding of costs through clinically 
relevant cost accounting methods that allow institutions to 
identify and promote high-value providers, programs, and 
quality improvement initiatives.

After cost, the second part of the value equation is quality. 
Health economists have argued that patient outcomes like 
mortality, stroke, kidney failure, and health care-associated 
infections are more valuable to patients than process meas-
ures like rates of aspirin adherence, time to first antibiotic 
administration, and number of patients receiving ventilator-
associated infection prevention bundles that are commonly 
present in quality improvement work [8, 12, 13]. Our pri-
mary clinical outcome was transplant-free survival. While 
this is a strong clinical endpoint, it is unable to capture the 
significant morbidity that can be associated with the recur-
rent and prolonged hospitalizations that children with hypo-
plastic left heart experience. We are also unable to capture 
the social and emotional costs to the families, communities, 
and school districts that bear the responsibility for nurtur-
ing our medically complex children. We feel strongly that 
understanding value in medicine must attempt to include 
these factors in the development of institutional protocols, 
society guidelines, and public and private value-based reim-
bursement programs.

Conclusion

We have for the first time described the longitudinal cost 
of care for successful management of hypoplastic left heart 
through ages 12 and 60 months. In doing so, we have identi-
fied several cost centers and patient factors associated with 
higher costs of care. The aim now becomes translating this 
new knowledge into cost reduction while maintaining, or 
improving, the patient outcomes.
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