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Abstract

Objective: We leveraged decomposition analysis, commonly used in labor economics, to
understand determinants of cost differences related to location of admission in children
undergoing neonatal congenital heart surgery.

Design: A retrospective cohort study
Setting: Pediatric Health Information Systems database

Patients: Neonates (<30 days old) undergoing their index congenital heart surgery between
2004-2013

Measurements: A decomposition analysis with bootstrapping determined characteristic
(explainable by differing covariate levels) and structural effects (if covariates are held constant)
related to cost differences. Covariates included center volume, age at admission, prematurity, sex,
race, genetic or major non-cardiac abnormality, RACHS-1 score, payor, admission year, cardiac
arrest, infection, and delayed sternal closure.

Main Results: Of 19,984 infants included [10,491 (52%) to CICU/PICU and 9,493 (48%) to
NICU], admission to the NICU had overall higher average costs ($24,959+3,260, p<0.001) vs.
CICU/PICU admission. Characteristic effects accounted for higher costs in the NICU
($28,958+2,044, p<0.001). Differing levels of prematurity, genetic syndromes, hospital volume,
age at admission and infection contributed to higher NICU costs, with infection rate providing the
most significant contribution ($13,581, p<0.001). Aggregate structural effects were not associated
with cost differences for those admitted to the NICU vs. CICU/PICU (p=0.1). Individually,
prematurity and age at admission were associated with higher costs due to structural effects for
infants admitted to the NICU vs. CICU/PICU.

Conclusions: The difference in cost between NICU and CICU/PICU admissions is largely
driven by differing prevalence of risk factors between these units. Infection rate was a modifiable
factor that accounted for the largest difference in costs between admitting units.

Keywords
Intensive care unit; neonate; congenital heart surgery; cost; admission

Introduction

Caring for children with congenital heart disease (CHD) is costly with congenital heart
defects accounting for the highest resource use of all birth defects. (1) Annual admissions in
the United States for CHD cost an estimated $5.6 billion, which comprises 15% of the costs
for all pediatric care even though it accounts for only 3.7% of pediatric admissions. (2)
Neonates undergoing congenital heart surgery require highly specialized, resource-intensive
perioperative care. In the current economic climate, investigators and policy-makers are
exploring strategies targeted at providing the highest value by directing care delivery to areas
that improve outcomes and minimize cost. (3-6)
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Specialization of care is associated with improved outcomes, reduced resource use, and cost
reduction.(7-11) We have shown that neonates requiring congenital heart surgery admitted to
a dedicated cardiac intensive care unit (CICU) have lower resource use and lower total
hospital costs compared to those admitted to a neonatal intensive care unit (NICU).(12)
However, the factors that contribute to these differences in cost remain unclear.

Decomposition analysis, a classic economics approach, recently has been widely adopted in
the health disparities literature (13-16), including understanding inequities by
socioeconomic status. (17) This statistical approach quantifies the extent whereby
differences in an outcome between two groups are explained by differences in covariate
levels (characteristic effects) or differences in covariate effects (structural effects). (18, 19)
The classic example of a decomposition analysis identified determinants of wage gaps
between men and women in the 1950’s. (18) In this analysis, characteristic effects described
the difference in wages explained by differing education levels (or other relevant covariates)
between men and women. Structural effects described the difference in wages if education
levels (or other relevant covariates) between men and women were the same. In other words,
the structural effects quantify the effect of “discrimination”, the differences unexplained by
differing covariate levels. (18, 19) While typically used in labor market and discrimination
literature, the technique can be used to study group differences for any continuous outcome
variable. (20) In this case, it allows us to identify factors contributing to costs in each type of
intensive care setting. The aim of this study is to identify potential determinants of the
difference in cost by location of admission in neonates undergoing congenital heart surgery
using decomposition analysis.

Materials and Methods

The Pediatric Health Information Systems (PHIS) database is an administrative database that
includes inpatient admissions from 52 pediatric hospitals affiliated with the Children’s
Hospital Association (Lenexa, KS). Data quality and reliability are assured through a joint
effort between the Children’s Hospital Association and participating hospitals. The dataset
includes demographics, dates of admission and discharge, vital status at discharge and
billing data for medications, laboratory tests, surgical procedures, imaging procedures,
clinical services and supplies. Data are de-identified at the time of collection and reviewed
for reliability and validity prior to inclusion in the database.(21) For this study, data from all
44 hospitals with data submitted during our study time frame were included. Given the de-
identified nature of the data in the PHIS database, the need for Institutional Review Board
approval was waived as has been described in prior publications. (12, 22)

Study Population:

Infants undergoing congenital heart surgery at <30 days of age with a RACHS-1 (23) score
of 2-6 and discharged from a PHIS hospital between January 2004 and December 2013 were
included. Cardiac surgeries in infants <30 days by definition must be classified with a
RACHS-1 score of =2. Infants initially admitted to any unit other than an ICU were
excluded (5%).
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Data Collection:

Study variables were gathered from PHIS using available demographic information and
International Classification of Diseases, Ninth-Revision (ICD-9) and billing codes.
Demographic data included gender, race and ethnicity. Patient characteristics included
admission age, admission year, prematurity, and the presence of genetic or major non-
cardiac abnormality. Complications (delayed sternal closure, cardiac arrest, medical
complications, surgical complications and infections) were collected using a combination of
flags defined in the PHIS system and ICD-9 codes. A complete list of the findings flagged as
medical complications, surgical complications or infections are in Appendix 1.

Center data included hospital census region and the volume of cardiac cases per year.
Volume of cardiac cases was calculated using the total number of neonatal cases reported per
hospital divided by the number of years reporting to PHIS. Hospital volume was divided into
tertiles for the analyses.

The primary exposure of interest was the initial admission location. As described in our
prior publication (12), admission location was classified as CICU, pediatric intensive care
unit (PICU) or NICU based on the charges documented on the first day of admission to the
pediatric hospital. Given that some specialization of cardiac care occurs in some PICUs, the
PICU group was analyzed with the CICU group. As the exposure of initial admission
location and resulting care decisions will influence downstream outcomes and resource use,
the location of initial admission was treated similar to an “intention to treat” variable in a
randomized control trial by assigning patients to their initial admission ICU exposure cohort,
as described in our prior publication (12).

The primary outcomes for this study were the characteristic and structural effects, both
overall and by individual covariate of interest, attributing to differences in total hospital cost
between infants initially admitted to a CICU/PICU versus those admitted to a NICU. Costs
were only collected for the index hospitalization. Total and category specific charge data
were collected. Data from hospitals missing charge-to-cost ratios (3/44, 7%) were excluded.
Total cost was calculated by multiplying total hospital charges per patient by department-
specific charge-to-cost ratios. Costs were then adjusted for geographic area and for inflation
to 2013 dollars using the Health Care Finance Administration wage/price index and the All
Urban Consumers Consumer Price Index. (6, 24)

Covariates were chosen a prioribased on hypothesized clinical significance and potential for
contributing to a cost difference between the CICU/PICU and NICU. Covariates considered
included center volume, age at admission, prematurity, sex, race, genetic or major non-
cardiac abnormality, RACHS-1 score, payor, admission year, cardiac arrest, infection, and
delayed sternal closure. These covariates were decomposed to explain the contributions of
each of these covariates to the difference in cost between the CICU/PICU and NICU.
Infection and genetic or major non-cardiac abnormality were defined using flags defined in
the PHIS database as described previously (12).
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Statistical Analysis:

Results

Descriptive statistics were reported as mean (standard deviation) for continuous variables
and as frequency (percentage) for categorical variables. We compared variables between
NICU and CICU/PICU by using t-tests and Chi-square tests or Fisher exact test, as
appropriate. Decomposition analyses are usually conducted using linear models. (18, 19)
However, an alternative approach is necessary when the data of interest are not normally
distributed, as is typically the case with healthcare costs. Therefore, we used a recently
developed approach for detailed decomposition with non-linear models (25) that explicitly
takes into account non-linearity by using a generalized linear model (GLM). Specifically, we
applied a GLM with a log link and gamma distribution, similar to previous studies modeling
healthcare costs. (26) Standard errors were estimated by bootstrapping with 200 iterations.

Of 19,984 infants who met study criteria, 10,491 (52%) were admitted to the CICU/PICU
and 9,493 (48%) were admitted to the NICU. Patients admitted to the NICU (Table 1) were
more likely younger in age, admitted at a lower volume hospital, and have a genetic
syndrome. They were less likely to have a RACHS-1 score of 6.

The overall differential in average total hospital cost of those admitted to the CICU/PICU
was $24,551 less than those admitted to the NICU (p<0.001). When this difference was
decomposed (Figure 1), the aggregate characteristic effect was responsible for a difference
of =$30,306 in infants who were admitted to the CICU/PICU compared to those admitted to
the NICU (p<0.001). The covariates with differing levels between the CICU/PICU and
NICU that contributed to the characteristic difference included prematurity, genetic
syndromes, hospital volume, age at admission and rate of infection (Table 2). Differing rates
of infection in those admitted to the NICU vs. the CICU/PICU were the largest contributor
to differences in characteristic effects.

When the structural effects were examined (covariate levels held constant), there was no
difference for those admitted to the CICU/PICU compared those admitted to the NICU
(Table 3). However, when the individual covariates were examined, age at admission,
prematurity, and RACHS-1 severity categories 3, 4 and 6 were associated with lower costs in
the CICU/PICU versus the NICU.

Discussion

This study is the first to identify factors associated with higher costs with admission to the
NICU vs. CICU/PICU for infants undergoing congenital heart surgery. Through our novel
application of economic analyses, we found that differing levels of covariates (e.g.
prematurity, age at admission, and hospital volume, rate of infection) between the CICU/
PICU and NICU (characteristic effect) accounted for the majority of the higher costs in the
NICU. Overall, when these factors were held constant (structural effect), costs were similar
between CICU/PICU and NICU admissions. However, when individual factors were further
examined, prematurity and age at admission were associated with higher costs due to
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structural effects in the NICU. Importantly, differing rates of infection between the units, a
modifiable target, was the largest contributor to cost differences.

Our findings are supported by prior studies of costs in children undergoing surgery for CHD.
These investigations found that complications and a prolonged length of stay were
associated with the highest hospital costs across multiple types of surgery. (27) Similar
findings were reported in a study where 28% of the difference in cost between hospitals was
explained by differences in LOS and complication rates, suggesting these two factors drive
resource use. (27) Our study is the first to identify the difference in infection rates between
CICU/PICU versus NICU admissions as the largest contributor to the cost differences seen
for neonatal CHD admissions between these units. Since infection rates in patients
undergoing congenital heart surgery are high (an estimated 28-38% in our study), targeting
strategies that lead to a reduction in the rate of infections in other neonatal populations
seems warranted to reduce costs in infants undergoing congenital heart surgery. (28-30)

We identified other covariates responsible for cost differences between the CICU/PICU and
NICU that were not easily modifiable. Specifically, prematurity and genetic syndromes were
more common in the NICU and contributed to their higher costs. This is not surprising as the
association of prematurity and genetic syndromes with higher cost and increased risk of
complications in children with CHD has been reported previously. (31-33) Age at admission,
center volume and RACHS-1 score may be driven by factors that are also difficult to modify
or they may serve as surrogates for problems within the health care system. Interestingly,
infants with higher RACHS-1 scores were more likely to be admitted to the CICU/PICU
where their care cost less than similar admissions to the NICU.

For characteristic effects, we found higher volume neonatal cardiac surgical centers were
associated with lower total hospital costs for those admitted to the CICU/PICU. This
supports our prior findings where hospital cardiac surgical volume, location of admission,
and total hospital cost were associated with a higher likelihood of being admitted to a CICU
and lower total hospital costs. (12) Other studies also reported lower costs in higher volume
cardiac centers, particularly for the most complex operations. (3, 6, 27) These investigators
suggested that the volume-cost relationship may be mediated by quality of care, with higher
volume and lower cost hospitals demonstrating a shorter length of stay, fewer complications,
a lower failure to rescue rate, and improved survival. (3, 6, 27, 34) Our findings
demonstrated an association of higher volume centers with lower cost, independent of
complications such as cardiac arrest and infection but we could not test for unmeasured
confounders that were not collected in the PHIS database.

Overall, there was no difference in cost between being admitted to the CICU/PICU vs. the
NICU when the specified risk factors were held constant. However, when age at admission
and prematurity were held constant, costs were higher in the NICU. It is possible cost
structures differ between the CICU/PICU vs. NICU or that the comprehensiveness of their
protocols for testing or treatment varied enough to account for the differences in costs. As
the ICD-9 code for prematurity does not account for the degree of prematurity, it is also
possible that more premature infants were admitted to the NICU contributing, at least in
part, to their higher costs.
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As with any retrospective study, there is a possibility of uncontrolled confounding.
Specifically, we did not have information regarding the physician decision-making process
with respect to admission unit, or other measures of quality such as accreditation by
professional centers. As birth weight in grams and gestational age in weeks are frequently
missing or inaccurate in PHIS, ICD-9-DM codes were used to allow comparisons with
previous rigorous studies using administrative data. (35) By using billing codes, we cannot
know the severity of the covariates for which we adjusted. For example, there could be a
systematic difference in the severity of infections by unit of admission that was
unrepresented in this dataset. The level of cardiac specialization within the group billed as
PICU is not completely known, and likely represents a mix of general PICUs and dedicated
CICUs. (12) We did not have information on care prior to admission or transfer to the PHIS
hospital. Since our information was limited to the hospital admission, we could not evaluate
the effects of this hospital stay on subsequent outcomes. While PHIS data quality are
rigorously confirmed through the Children’s Hospital Association and submitting hospitals,
misclassification may exist and cannot be quantified.

Conclusions:

The difference in cost between CICU/PICU and NICU admissions is largely driven by
differing prevalence of risk factors between these units. However, the rate of infections, a
modifiable factor, accounted for the largest difference in costs between admitting units.
Lowering the rate of infection in infants undergoing congenital heart surgery may thus have
the added benefit of decreasing total hospital cost in addition to decreasing their comorbidity
burden. Further study identifying the specific risk factors for infection in this cohort is
warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Figure displaying overall, characteristic and structural differences between admissions to the
NICU and CICU/PICU. (NICU admission referent)
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Table 1:

The distribution of relevant covariates between the CICU/PICU and NICU admissions

Covariates CICU/PICU n=10,491 | NICU n=9,493 | p-value
(52%) (48%)
Male 6,268 (60%) 5,669 (60%) 0.90
Hospital neonatal cardiac surgery volume per year, mean (SDa) 83.9(378) 66.2 (29.2) <0001
Age at admission (median, IQRbﬁ 1(0.5) 0(02) <0.001
RACHS-1 score <0.001
2 2,302 (22%) 1,979 (21%)
3 3,800 (36%) 3,505 (37%)
4 2,654 (25%) 2,620 (28%)
5 65 (1%) 55 (1%)
6 1,670 (16%) 1,334 (14%)
Payor <0.001
Government 4,955 (47.2%) 4,595 (48.4%)
Private 3,791 (36.1%) 3,734 (39.3%)
Other 1,745 (16.6%) 1,164 (12.3%)
Race <0.001
White 5,351 (51.0%) 4,772 (50.3%)
Black 1,071 (10.2%) 859 (9.0%)
Asian 89 (0.8%) 134 (1.4%)
American-Indian 1,594 (15.2%) 1,451 (15.3%)
Other 1,847 (17.6%) 1,852 (19.5%)
Missing 539 (5.1%) 425 (4.5%)
Admission year <0.001
2003 55 (0.5%) 85 (0.9%)
2004 899 (8.6%) 858 (9.0%)
2005 1,031 (9.8%) 934 (9.8%)
2006 1,196 (11.4%) 1,022 (10.8%)
2007 1,113 (10.6%) 1,097 (11.6%)
2008 1,006 (9.6%) 1,176 (12.4%)
2009 871 (8.3%) 1,037 (10.9%)
2010 869 (8.3%) 967 (10.2%)
2011 1,133 (10.8%) 875 (9.2%)
2012 1,162 (11.1%) 756 (8.0%)
2013 1,156 (11.0%) 686 (7.2%)
Prematurity 915 (8.7%) 1,428 (15.0%) <0.001
Genetic syndrome 1,150 (11.0%) 1,366 (14.4%) <0.001
Infection 2,973 (28.3%) 3,678 (38.7%) | <0.001
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Covariates CICU/PICU n=10,491 | NICU n=9,493 | p-value
(52%) (48%)
Delayed sternal closure 3(0.03%) 9 (0.1%) 0.06
Cardiac arrest 776 (7%) 695 (7%) 0.84

aSD: standard deviation,

bIQR = Interquartile Range
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Table 2:
Characteristic Effects.

Covariate E';;ft;g::;ecde SEM® p-value
Aggregate characteristic effect  -$28,958 $2,044  <0.001
Hospital volume per year -$10,332 $967 <0.001
Age at admission (days) -$4,222 $662 <0.001
Prematurity -$2,326 $353 <0.001
Genetic syndrome -$1,423 $297 <0.001
RACHS Score (2 referent)

3 -$220 $281 0.44

4 -$1,417 $487 0.004

5 $49 $151 0.74

6 $1,787 $509 <0.001
Infection -$13,581 $1,120 <0.001
Delayed sternal closure -$26 $24 0.28
Cardiac Arrest $145 $456 0.75

Model adjusted for race, gender, payor, and year of admission.

aSEM:standard error of the mean
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Table 3:
Structural effects.

Covariate Estimated difference  ggpm@  p-value
Aggregate structural effect  $3,999 $2,682 0.14
Hospital volume per year ~ $420 $5,116 0.94
Age at admission (days) -$4,834 $1,268 <0.001
Prematurity -$1,322 $643 0.04
Genetic syndrome $1,048 $963 0.28
RACHS score (2 referent)

3 $9,915 $2,097 <0.001

4 $5,610 $1,753  0.001

5 -$71 $247 0.77

6 $4,693 $1,399  0.001
Infection -$2,112 $2,111 0.32
Delayed sternal closure $27 $45 0.55
Cardiac arrest $276 $1136  0.81

Model adjusted for race, gender, payor, and year of admission.

aSEM=standard error of the mean
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