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Abstract Little research attention has been paid to the

occurrence of heart failure (HF) in children with complex

congenital heart diseases (CHDs). Herein, we describe the

prevalence, risk factors, and costs associated with HF in

complex CHD. Patients aged B17 years and diagnosed

with a complex CHD on multiple service visits over a

15-year period in the SC Medicaid dataset (1996–2010)

were tracked and analyzed. The cohort included 2999

unduplicated patients; 51.0% were male; 34.4% were

African American. HF was diagnosed in 7.6%. Single

ventricle lesions, genetic syndromes, and ventricular

arrhythmia were significantly associated with an increased

likelihood of being diagnosed with HF, controlling for

development of comorbid pulmonary hypertension.

Patients with HF received significantly more subspecialty

care, more surgeries, more hospitalizations, more total days

of inpatient care, and more emergency department care

than those without HF. Patients with significantly higher

total care costs paid by Medicaid had HF, more cardiac

surgeries, and more specialized mechanical or other sup-

port procedures, controlling for diagnosed single ventricle

CHD, a genetic syndrome, and number of non-cardiac

surgeries. Complex CHD patients with HF incur signifi-

cantly higher care costs but require multifaceted, intensive

supports for management of incident complications and

comorbid conditions.

Keywords Complicated congenital heart disease � Heart

failure � Prevalence rate � Risk factors

Introduction

Survival rates for children with complex congenital heart

disease (CHD) have increased in the past 15 years and

services to these children have expanded dramatically

[1–4]. At the same time, there has been an increasing

recognition of heart failure (HF) in the pediatric population

over the last 2 decades. Regardless of its underlying eti-

ology, HF is commonly defined as a clinical and patho-

physiological syndrome characterized by impairment of

ventricular dysfunction (volume and pressure overload

alone or in combination), the underlying structural mal-

formation, age, and other precipitating factors, leading to

inadequate end-organ perfusion [5, 6]. In children, HF can

present as respiratory distress, easy fatigability, poor tol-

erance to exercise, or arrested growth and development,

and is ultimately associated with substantial morbidity

[7–11]. Some CHDs are also directly associated with

ventricular dysfunction, so HF might be more frequent

among pediatric patients with these structural abnormali-

ties [5]. However, the prevalence and burden of pediatric

HF are largely unknown, especially in the United States

and in relation to specific underlying etiologies, such as

complex CHD (i.e., hypoplastic left heart syndrome,

Tetralogy of Fallot, etc.) [12]. In one extant study of HF in
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a pediatric CHD cohort treated in a tertiary care hospital,

the rate of HF was 6.2% [13]. Cases of simple and complex

CHD lesions are often combined in clinical epidemiologic

and outcome studies, so that differences in their occur-

rence, natural history, and prognosis leading to HF are

often obscured.

Furthermore, limited data exist regarding the costs of

pediatric HF and are predominantly based on inpatient

care, with no data available on non-hospital service costs.

Previous studies examined separate episodes of care rather

than the costs of care over multiple episodes for individual

patients. Complications and prolonged lengths of stay

(LOS) after congenital heart surgery are associated with

significant costs [14]. The greatest charges are typically

incurred in patients requiring specialized procedures such

as extracorporeal membrane oxygenation (ECMO) or

ventricular assist devices (VAD) [9, 15, 16]. Graft survival

after pediatric heart transplantation is generally\20 years,

but the costs of transplantation and subsequent care are also

substantial [7]. Complications, including tracheostomy,

mechanical circulatory support, sepsis, stroke and respira-

tory failure, renal failure, and unplanned reoperation or re-

intervention, have also been associated with higher costs

[9, 14]. Moreover, patients with single ventricle CHD not

only incur high hospital costs during staged surgical pal-

liation, but also those with comorbid non-cardiac diagnoses

have higher health care resource utilization [17]. Further

study is needed to understand potential factors driving

these higher costs over time [14].

Based on prior investigations, then, it is important to

further describe the costs associated with HF in patients

with complex CHDs as well as to expand the scope of

investigation beyond hospital-based tertiary care facilities

for population-based estimates of pediatric HF. Herein, we

identify the prevalence of HF in a large, community-based

service system cohort of children diagnosed with complex

CHDs and investigate the clinical factors most significantly

associated with an increased likelihood of a HF diagnosis

and its higher total costs of care compared to those without

HF.

Methods and Materials

Data for this clinical epidemiologic study were obtained

retrospectively from the South Carolina (SC) Medicaid

database during a 15-year period from January 1, 1996

through December 31, 2010. Annually, about 375,000

children are covered by Medicaid; over the 15-year period

examined in this study, about 500,000 were included in the

Medicaid dataset. Access to healthcare in SC is funded

predominantly by public (for low-income families) or pri-

vate insurance payers, which cover about 90 and 10%,

respectively, of the children and adolescents residing in the

state. In SC, private insurance or self-pay patients initially

diagnosed with a disabling CHD may apply for Medicaid

coverage of his/her special medical needs regardless of

income level, as long as Medicaid eligibility is maintained.

There are three subspecialty clinics in each major region of

SC and these pediatric cardiologists work closely with

primary care centers throughout the state. When intensive,

medical intervention is warranted, the patient is referred to

tertiary care hospitals such as the Medical University of

South Carolina or to Duke University Medical Center for

care.

Medical claims were used to identify each patient’s

service visits, date of service, and the International Clas-

sification of Diseases, 9th Clinical Modification diagnosis

codes (ICD-9) related to each visit. Pharmacy claims were

also coded for the outpatient medications prescribed to

these patients. Inclusion criteria for the unduplicated

patients were age B 17 years, continuous enrollment in

Medicaid for a minimum of nine months in each calendar

year, and one or more service encounters with a complex

CHD diagnosis (see Table 1 for the diagnoses and ICD-9

codes used). Simple CHDs, including isolated septal

defects, patent ductus arteriosus, isolated coarctation, or

partial anomalous pulmonary veins, were excluded.

Diagnostic codes were assigned by the licensed treating

physician when the service contact/visit was billed to

Medicaid. Once the unduplicated patients met the inclusion

criteria, his/her service records were included in this lon-

gitudinal analysis for all the years he/she remained Medi-

caid-eligible within the 15-year period. These Medicaid

data files are routinely cleaned to eliminate duplicate visit

records and frequently updated before being made avail-

able for this research analysis. The methods involved in

this study were approved by the University of South Car-

olina Institutional Review Board as exempt from human

subject research guidelines (45 Code of Federal Regula-

tions part 46) because existing medical database records for

each patient meeting the criteria were de-identified and

used for secondary analysis.

The primary outcome variable of interest was HF (see

Table 1 for ICD-9 coding). Since previous research has

demonstrated an association between HF and single ven-

tricle lesions, these lesions were separated into one cate-

gory. Other conotruncal/non-single ventricle complex

lesions were grouped to include truncus arteriosus, any

form of transposition of the great arteries, double outlet

right ventricle, Tetralogy of Fallot, pulmonary atresia or

stenosis, Ebstein’s anomaly, total anomalous pulmonary

venous connections, and endocardial cushion defects. The

remaining lesions were grouped as ‘‘other lesions.’’ Other

conditions/exposures (comorbidities or complications)

which might be associated with HF severity in this cohort
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were also coded as follows: prematurity, genetic syndrome,

ECMO, VAD, transplant surgery, sepsis, renal failure,

pulmonary hypertension, ventricular arrhythmia, stroke/

cerebrovascular event/hemorrhage, respiratory failure,

gastrostomy tube placement, and tracheostomy.

A common econometric approach to investigating the

effect of a clinical practice or policy on a health care

system is to model its effect on the average cost per patient

over time [18, 19]. Applying this approach herein, the cost

of each patient’s outpatient visits, emergency department

visits, inpatient days, pharmacy claims for cardiac care

medications, and total costs of care in Medicaid were

calculated. Since the Medicaid reimbursement rate chan-

ged only once for a subset of outpatient psychiatric services

during the study period and we are primarily interested in

the relative per-patient service costs over time between the

HF and non-HF groups over the same time period, the

calculated costs were not adjusted for inflation using

Table 1 Definition of complex CHDs using ICD-9 DM codes

Conditions investigated ICD-9 diagnosis code

Complex CHD lesions

Truncus arteriosus 745.0

Transposition of the great arteries 745.0

Double outlet right ventricle 745.11

Tetralogy of fallot 745.2

Single ventricle 745.3

Endocardial cushion defect 745.60

Pulmonary atresia or stenosis 747.31; 424.3

Tricuspid atresia or stenosis 746.1

Ebstein’s anomaly 746.2

Aortic valve stenosis; mitral stenosis

or insufficiency

396.2

Hypoplastic left valve syndrome 746.7

Subaortic stenosis 746.81

Subvalvular pulmonic stenosis 746.83

Coronary artery anomaly 746.85

Congenital heart blocks 746.86

Aortic anomalies 747.21

Pulmonary anomalies 746.09

Great vein anomalies 747.49

Primary outcome

Heart failure 428.xx; 402.01, 402.11, 402.91

Associated conditions

Prematurity 765.21–765.28

Genetic abnormality or syndrome 756.83, 758.0, 758.1, 758.2, 758.32, 758.6, 759.82

Extracorporeal membrane

oxygenation

V15.97, and 33960, 33961, 36822 surgery AMA current procedure terminology codes

Ventricular assist device 33975, 33976, 33979, 33981, 33982 CPT codes

Transplant surgery 37.5; 33945, 33935

Sepsis 995.91, 995.92

Renal failure 584x, 585

Pulmonary hypertension 415.0, 416.0, 416.8, 415.9

Arrhythmia 426.0, 427xx

Stroke/cerebrovascular event/

hemorrhage

430xx, 431xx, 432xx, 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.00, 434.01, 434.10, 434.11,

434.90, 434.91, 437.1, 438.9, 997.02

Respiratory failure 518.81, 518.83, 518.84, 799.1

Gastrostomy tube placement 97.02, 97.03, 43246

Tracheostomy 31.1, 31.2
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medical care components of the consumer price index. For

this cost analysis, the amount paid for each outpatient

service visit, emergency department visit, or inpatient

hospitalization day billed to Medicaid was tallied, as were

the length of stay for each episode of hospitalization and

total number of hospitalizations and days of

hospitalization.

Statistical Analysis

Descriptive statistical analyses were performed first;

unadjusted likelihood ratio Chi-square statistics are repor-

ted to distinguish the HF and non-HF groups. To address

research questions regarding clinical factors differentiating

cases with and without HF, one multiple logistic regression

equation was constructed. The measure of association

reported is the adjusted odds ratio (aOR) with a corre-

sponding 95% confidence interval. P values of less than

0.05 (two-sided tests) were considered statistically signifi-

cant. Ordinary least squares regression was then used to

model the clinical factors most highly associated with total

costs paid for the care of these cases by Medicaid. Because

the studentized residuals using the raw total cost variable

were skewed/not normally distributed (i.e., varied widely

from year to year so that annual aggregations were not

reliable estimates), but those using the log of this variable

were normally distributed, a log-transformation of the total

cost aggregated across all years the patient was in the

Medicaid dataset was used as the dependent variable.

T-statistics are presented to demonstrate the significance

level of each predictor. All statistical analyses were per-

formed in SAS software, version 9.3 (SAS Institute, Cary,

North Carolina).

Results

After applying the inclusion criteria, the final Medicaid

cohort included 2999 unduplicated pediatric patients with

complex CHD. HF was diagnosed in 229 (7.6%) of these

children. Fifty-one percent of the cohort was male; African

Americans constituted 34.4% of the cohort, 43.5% were

White, and those remaining were small percentages of

Hispanics, Asians, Native Americans, or 16.7% mixed/

unknown descent. The modal age at complex CHD diag-

nosis was 0 months (i.e., at birth). These complex CHD

patients were followed in the Medicaid dataset for a

median of 66 months (IQR = 30–116 months), as long as

Medicaid eligibility was maintained. Age at first hospital-

ization was a median of 0 months (at birth)

(IQR = 0–12 months), but 673 children (22.4%) in the

cohort were not hospitalized at all during the follow-up

period.

Single ventricle lesions were present in 306 (10.2%) of

the cohort, conotruncal/non-single ventricle complex

lesions in 1410 (47.0%), and other complex lesions in 1283

(42.8%). Related morbidity factors were diagnosed in the

CHD cohort as follows: prematurity (0.3%), genetic syn-

dromes (9.5%), kidney failure (0.8%), pulmonary hyper-

tension (2.8%), ventricular arrhythmia (12.7%), stroke/

cerebrovascular attack/hemorrhage (1.1%), respiratory

failure (1.6%), or sepsis (0.2%). Specialized surgical pro-

cedures possibly related to HF were documented as fol-

lows: ECMO or VAD (0.1%), heart transplant (0.6%),

gastrostomy tube placement (2.8%), or tracheostomy

(4.5%).

Demographics and related medical diagnoses are com-

pared across those with and without HF in Table 2. African

Americans with complex CHD were less likely to be

diagnosed with HF, while children with single ventricle

lesions, ventricular arrhythmia, and genetic syndromes

were more likely to be diagnosed with HF. Moreover,

receipt of transplant surgery, a catheter procedure, or an

electrophysiology procedure, and complications such as

pulmonary hypertension were more likely to occur in those

diagnosed with HF. Few non-cardiac complications such as

sepsis, renal failure, stroke/cerebrovascular events, or res-

piratory failure occurred, but there was greater incidence of

renal failure and respiratory failure in those complex CHD

patients with HF compared to those without HF.

Clinical factors representing significant differences were

then used as independent predictors in the logistic regres-

sion analysis. Multivariable logistic regression results

indicated that children with these clinical factors were

significantly more likely to be diagnosed with HF, con-

trolling for all other clinical factors present (Table 3):

single ventricle lesions (adjusted Odds Ratio

[aOR] = 2.14), genetic syndromes (aOR = 2.07), pul-

monary hypertension (aOR = 3.62), and ventricular

arrhythmia (aOR = 3.44).

In the analyses describing services and costs of care as

indicated by the amount paid by Medicaid presented in

Table 4, complex CHD patients with HF received signifi-

cantly more subspecialty care, more surgeries, more hos-

pitalizations, more total days of inpatient care, and more

emergency department care than those without HF. Mean

total costs paid by Medicaid were 3.2-fold higher for

complex CHD patients with HF ($105,141) compared to

complex CHD patients without HF ($32,899). The mean

amounts paid by Medicaid for medical services to these

children also differed significantly for inpatient service

(2.8-fold higher for the HF group), emergency care (3.0-

fold higher for the HF group), outpatient services (2.4-fold

higher for the HF group), and outpatient medication ser-

vices (3.8-fold higher for the HF group) (Table 4). Fur-

thermore, the pattern of service costs differed somewhat
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between the two groups, with inpatient service costs

accounting for 73.7% of the total costs in the HF group

versus 71.6% in the non-HF group, whereas outpatient

service costs accounted for 18.6% of the total costs in the

HF group versus 21.5% in the non-HF group.

The clinical factors most highly associated with log-

transformed total costs paid for care of these cases were

then modeled in a regression equation. Because the pro-

vision of specialized surgical procedures was a low-fre-

quency event, we tallied the total number provided across

ECMO, VAD, transplant surgery, gastrostomy tube

placement, or tracheostomy to model this variable in the

regression, consistent with extant studies. Non-cardiac

complications were too infrequently diagnosed to use in the

multivariate model. While all the clinical factors modeled

represent statistically significant associations with higher

total costs paid, three are especially compelling: diagnosed

HF (t-statistic = 11.48;\0.0001), number of cardiac

surgeries (t-statistic = 29.24;\0.0001), and number of

specialized procedures needed (t-statistic = 30.19;

\0.0001), controlling for diagnosed single ventricle CHD

(t-statistic = 9.05;\0.0001), genetic abnormality/syn-

drome (t-statistic = 8.61;\0.0001), and number of non-

cardiac surgeries (t-statistic = 6.30;\0.0001).

Discussion

Heart failure is a complex clinical syndrome resulting from

multiple, diverse underlying structural causes such as type

of CHD, increasing age, and other precipitating factors [5].

The prevalence of pediatric HF has been largely unre-

ported, especially in relation to specific underlying etiolo-

gies, such as complex CHDs [5, 12]. Herein, we have

Table 2 Comparison of complex CHD patients with and without heart failure

Factor With heart failure Without heart failure Unadjusted odds ratio

(N = 229) N (%) (N = 2770) N (%) v2 p

Sex (male) 123 (53.7) 1402 (50.6) 0.81 0.37

African American 64 (28.0) 967 (34.9) 4.54 0.03

Mean months in medicaid dataset (mon) 86.7 (SD = 52.3) 73.6 (SD = 51.0) 3.74* 0.0002

Single ventricle lesions 47 (20.5) 259 (9.4) 23.51 \0.0001

Conotruncal/non-single ventricle lesions 89 (38.9) 1321 (47.7) 6.68 0.01

Other complex lesions 93 (40.6) 1190 (43.0) 0.48 0.49

Prematurity 1 (.4) 7 (.3) 0.23 0.63

Genetic abnormality/syndrome 38 (16.6) 246 (8.9) 12.46 0.0004

Ventricular assist device or extracorporeal

membrane oxygenation

1 (.4) 1 (.04) 2.53 0.11

Transplant surgery 12 (5.2) 5 (.2) 42.48 \0..0001

Catheter procedure 150 (41.2) 1253 (45.2) 332.92 \0.0001

Electrophysiology procedure 38 (10.4) 362 (2.0) 65.99 \0.0001

Gastrostomy tube placement 10 (4.4) 74 (2.7) 1.94 0.16

Tracheostomy 9 (3.9) 125 (4.5) 0.17 0.68

Sepsis 0 (0.0) 5 (.2) 0.80 0.37

Renal failure 5 (2.2) 20 (.7) 3.93 0.05

Pulmonary hypertension 22 (9.6) 61 (2.2) 28.10 \0.0001

Ventricular arrhythmia 75 (32.8) 305 (11.0) 69.14 \0.0001

Stroke/cerebrovascular event/hemorrhage 3 (1.3) 29 (1.1) 0.13 0.71

Respiratory failure 11 (4.8) 36 (1.3) 11.43 0.0007

* t test

p value

Table 3 Significant predictors of having heart failure among children

with complex CHDs

Factor Adjusted odds ratio

(95% confidence interval)

Single ventricle lesions 2.14 (1.48–3.08)**

Genetic anomaly/syndrome 2.07 (1.40–3.06)*

Pulmonary hypertension 3.62 (2.12–6.18)**

Ventricular arrhythmia 3.44 (2.51–4.70)**

* p\ 0.05

** p\ 0.0001
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shown HF to be diagnosed in 7.6% of children with com-

plex CHDs in a population-based study, which generally

comports with the rate of 6.2% previously identified in a

tertiary care hospital [13]. Furthermore, 20.5% of those

with HF had single ventricle anomalies, compared to the

10–14% reported previously [20]. Most types of complex

CHD are diagnosed during infancy, accounting for the

higher percentage of HF admissions among chil-

dren\1 year of age, *55–60% [21]. As would be

expected, we also demonstrated that the median age of first

hospitalization (representing 50% of the cohort) was at

birth.

In the multivariate analysis, genetic abnormalities, sin-

gle ventricle lesions, and ventricular arrhythmia were sig-

nificantly associated with developing HF, along with the

comorbid complication of pulmonary hypertension.

Although genetic syndromes generally account for varying

amounts of pediatric CHD cases [5, 22, 23], we found 9.5%

in this complex CHD cohort. Moreover, genetic syndrome

cases were 2-fold more likely to be diagnosed with HF.

While there is a clear recognition that genetic syndromes

are often associated with complex CHD and extracardiac

complications, the clinical entity of HF in repaired com-

plex CHD patients with genetic abnormalities may be

widely under-recognized [22]. Furthermore, single ventri-

cle lesions represent the greatest severity of ventricular

dysfunction and association with HF [5]. The 2-fold

increase in likelihood of the onset of HF for the single

ventricle subgroup demonstrated herein would be an

expected finding for many practitioners. Conversely, ven-

tricular arrhythmia is a clinically well-documented pre-

cipitator of HF and was diagnosed in 12.5% of this cohort,

while pulmonary hypertension is a widely acknowledged

comorbid complication of HF and CHD [24, 25]. However,

our results suggested that conotruncal/non-single ventricle

lesions were not significantly associated with an increased

risk of HF as would be expected based on previous studies

[5]. Therefore, our results suggest that in a community-

based care system, practitioners should exercise a height-

ened awareness for the development of heart failure in

patients with single ventricle lesions and genetic syn-

dromes who develop ventricular arrhythmia or have evi-

dence of burgeoning elevations in pulmonary vascular

resistance.

Our results also add to the very limited existing

knowledge base regarding the costs of pediatric HF-related

hospitalizations and non-hospitalization service costs [12].

The mean amounts paid by Medicaid for medical services

to these children over time were 2- to 3-fold higher in the

HF group for inpatient service, emergency care, outpatient

services, outpatient medication services, and total service

costs. Furthermore, the patterns of service costs differed

somewhat between the two groups, with inpatient service

costs accounting for 73.7% of the total costs in the HF

group versus 71.6% in the non-HF group, whereas outpa-

tient service costs accounted for 18.6% of the total costs in

the HF group versus 21.5% in the non-HF group.

All the clinical factors examined as predictors of higher

total per-episode medical costs paid in complex CHD cases

were significantly related to our ‘‘total per-patient costs

over time’’: diagnosed HF, number of cardiac surgeries,

and number of specialized procedures needed, controlling

for diagnosed single ventricle CHD, genetic syndrome, and

number of non-cardiac surgeries. Our results from a pop-

ulation-based cohort generally comport with the findings of

other investigators conducted predominantly in tertiary

care, hospital facilities. Since (a) very few of our patients

received high-cost, specialized surgical procedures such as

Table 4 Comparison of complex CHD cases with and without heart failure

Factor Complex CHD with heart

failure

Complex CHD without

heart failure

t test value p

Mean (SD) Mean (SD)

Mean percent specialty cardiac care 27.2 (17.1) 16.1 (15.3) -11.81 \0.0001

Mean total number of surgeries 5.6 (11.6) 0.5 (2.4) -8.40 \0.0001

Mean total number of hospitalizations 5.9 (5.5) 2.6 (3.7) -11.01 \0.0001

Mean length of inpatient stays 7.8 (7.9) 9.0 (16.1) 2.62 0.0091

Mean total hospital days 47.7 (63.2) 22.6 (42.5) -7.33 \0.0001

Mean total emergency visits 10.0 (10.7) 6.4 (7.1) -6.09 \0.0001

Mean total inpatient service costs/paid $80494 (117821) 28401 (61532) -8.20 \0.0001

Mean total outpatient service costs/paid $20295 (21522) 8514 (13438) -10.40 \0.0001

Mean total emergency service costs/paid $7756 (13145) 2575 (5331) -7.51 \0.0001

Mean total outpatient medication costs/paid $607 (1194) 161 (565) -6.93 \0.0001

Mean total service costs/paid $105141 (141488) 32899 (68522) -9.72 \0.0001
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ECMO, VAD, or transplantation, (b) very few were diag-

nosed with non-cardiac complications which would pro-

long hospital stays or require additional intensive

treatment, and (c) only Medicaid-reimbursed costs for one

state were used in this analysis, these ‘‘total per-patient

costs’’ are likely to be considerably lower than those ‘‘per-

episode costs’’ reported from tertiary care facilities.

Strengths and Limitations

There are several ways in which this research cohort dif-

fered from those of previous epidemiologic investigations.

Longitudinal data were available on this cohort to examine

the more complex defects and those which present later in

childhood. Our cohort included a higher percentage of

African Americans than previous studies, except those

conducted in Atlanta, Georgia, USA [2, 26]. Also, while

the percentage of African Americans served in this state’s

Medicaid program is higher than their representation in the

general population of South Carolina, African American

patients were less likely to develop HF. Furthermore, we

are unable to separate outcomes or costs for pediatric

patients who were covered by private insurance prior to

obtaining Medicaid coverage. The pediatric CHD cohort

examined represents a large, heterogeneous group of chil-

dren representative of pediatric patients in routine care

settings in small urban/rural area states, especially the

southeastern USA states, in terms of age, sex, racial

demographics, and Medicaid eligibility [27–29], but the

results might also be informative to pediatric cardiologists

in small countries with predominantly small cities and rural

populations. However, we encourage readers to exercise

caution in generalizing these results to service settings

which differ dramatically from the target group examined

herein.

At the same time, some limitations of the study include

the following: no gold standard for the clinical diagnosis of

HF or ventricle dysfunction; no access to data on fetal

diagnosis in terminated pregnancies or stillbirths; and no

access to age calculated in days rather than months. Chil-

dren and adolescents who dropped out of treatment were

periodically ineligible for Medicaid, or those who died

before they were registered in Medicaid coverage are not

represented in this dataset; and a reliance on physician-

assigned ICD-9 codes to categorize patients may have

contributed some degree of ascertainment bias or coding

invalidity. All diagnostic codes reported to Medicaid by a

licensed physician for each patient service visit (up to 8

codes) were used in the analysis. While there was potential

for misclassification based on individual service visits, over

the 5–8 years on average each child/patient was followed

in the dataset, the chance of miscoding these severe con-

ditions decreased. The results may not be generalizable to

patients with referral limitations or other constraints on

access to care or no coverage. We report associations and,

as a result, directions of causality cannot be inferred.

Finally, although many significant covariates have been

controlled for, other unmeasured differences in patients or

their treatment, including non-pharmacological treatments,

may explain the findings.

Conclusion

Complex CHD patients with HF represent about 7.6% of

the total cohort of complex CHD patients and they require

more intensive and specialized surgical supports over time,

especially those with single ventricle lesions, genetic

abnormalities, ventricular arrhythmia, and pulmonary

hypertension. Additionally, patients with complex CHD

and HF incur significantly higher costs compared to those

without HF highlighting that further study on cost-effective

treatment strategies is needed for this challenging and

growing population.
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