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Abstract

Background—Geographic variations associated with surgical intervention for congenital heart 

disease are ill defined. This study uses a large clinical registry to assess frequency of surgical 

intervention for various infant congenital heart diseases overall and across US geographic regions.

Methods—Patients younger than 1 year of age in the Society of Thoracic Surgeons Congenital 

Heart Surgery Database (January 2010 through June 2012) were included. Index operations were 

classified on the basis of seven major diagnostic groups and 10 specific diagnoses and were 

compared across geographic regions using a χ2 test. Region was defined by patient residence.

Results—The study included 23,379 patients (94 centers). Septal defects (26.2%) were the most 

frequently reported diagnostic group, and tetralogy of Fallot (10.6%) was the most frequent 

specific diagnosis. Significant geographic variation was noted for all seven major diagnostic 

groups. The proportion of patients undergoing surgery for septal defects varied from 23.9% to 

30.2% (p = 0.001); pulmonary venous anomalies, 2.8% to 4.5% (p = 0.03); right heart lesions, 

15.7% to 21.4% (p < 0.0001); left heart lesions, 22.7% to 30.4% (p = 0.0002); single-ventricle 

lesions, 7.3% to 11.4% (p < 0.0001); transposition of the great arteries and double-outlet right 

ventricle, 9.0% to 15.3% (p < 0.0001); and coronary artery anomalies, 0.4% to 1.4% (p = 0.04). 

Significant regional variation was also observed for 7 of the 10 specific diagnoses examined.

Conclusions—These data demonstrate significant variation in congenital heart disease 

diagnostic groups requiring surgery before 1 year of age across US geographic regions.

Congenital heart disease (CHD) is the most common birth defect, and hospital costs for 

infants with CHD exceed those of all other birth defects combined [1]. Therefore it is critical 

to understand, on both a national and regional level, the prevalence of various CHD 
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diagnoses. Such estimates guide programmatic planning, resource allocation, and other 

strategic initiatives.

Inherent difficulties exist in estimating overall prevalence of any condition. These 

difficulties become more pronounced when evaluating regional variation. Probability 

analyses rely on incomplete datasets using nonstandardized methodologies of analysis and 

report from either individual centers or specific geographic areas [2, 3]. In the United States, 

regional studies have based their analysis on either birth defect registries or regional 

administrative databases [4, 5]. Recent studies have noted the limitations of such data 

sources [6, 7]. It is possible to overcome many of these limitations by evaluating treatment 

stratified according to diagnostic cohorts. From a resource allocation perspective, 

assessment of treatment cohorts provides an equally important assessment of disease burden.

Surgical treatment for infant CHD is likely the most important driver of CHD resource 

utilization. Defining overall frequency of surgical operations for various CHD diagnostic 

groups, on both a national and regional level, can be used to guide strategic and other 

resource allocation initiatives. Therefore, the purpose of this study was to use a large clinical 

registry to evaluate the frequency of surgical operations and the relative proportions of 

various diagnostic groups undergoing surgery among infants (<1 year) in the United States. 

We also sought to determine whether regional differences exist in frequency of surgical 

operations for various diagnoses and whether these differences might be substantial enough 

to impact programmatic planning.

Patients and Methods

Data Source

The Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-CHSD), a 

voluntary registry that contains preoperative, operative, and outcomes data for all patients 

undergoing congenital and pediatric cardiovascular operations at participating centers, was 

used for this study. As of January 2014, the STS-CHSD contains data on more than 292,000 

surgeries conducted since 2000 at 120 hospitals in North America, representing 

approximately 95% of all US centers performing congenital heart surgery [8]. Database 

coding is accomplished by clinicians and support staff using the International Pediatric and 

Congenital Cardiac Code [9, 10] and is entered into the STS-CHSD data collection form 

(version 3.0) [11]. Evaluation of data quality includes the intrinsic verification of data, along 

with a formal process of site visits and data audits at approximately 10% of participating 

centers each year [12]. The Duke Clinical Research Institute serves as the analytic center for 

all STS National Databases. This study was approved by the STS-CHSD Access and 

Publications Committee and was not considered human subjects research by the Duke 

University Institutional Review Board (45 CFR 46.102(f)).

Study Population

One hundred four centers submitted data for 55,415 cardiovascular operations performed on 

patients younger than 18 years of age from January 1, 2010, to June 29, 2012, using STS-

CHSD version 3.0. Those undergoing operation at greater than 1 year of age were excluded, 
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leaving 30,102 operations. Patients undergoing isolated surgical closure of a patent ductus 

arteriosus (n = 3,534), operations performed on patients whose region was documented as 

being outside the United States (defined in the STS-CHSD as region “other”; n = 2,808 at 9 

centers), and operations on patients with missing data for region of residence (n = 381 at 1 

center) were also excluded. The final study population therefore included 23,379 operations 

performed at 94 centers.

Data Collection

Data collected included patient age and patient region (based on location of patient residence 

before surgery), as well as fundamental diagnosis and primary diagnoses at the time of 

operation. The fundamental diagnosis is defined by the STS-CHSD as the most complex 

cardiac anomaly (congenital or acquired) or condition of the patient at the time of the 

patient’s birth or initial presentation for cardiac care; the fundamental diagnosis is a 

diagnosis that is associated with the patient throughout the life of the patient, through all 

operations and hospitalizations. The primary diagnosis is defined as the diagnosis that is the 

principal diagnostic reason for performing the operation. The primary diagnosis may or may 

not be the same as the fundamental diagnosis. Isolated ductal ligations were thus excluded to 

ensure data analysis focused on the seven major diagnostic groups and 10 primary 

diagnoses. Patient regions were categorized into 10 health care regions as defined by the US 

Department of Health and Human Services (USDHHS). By convention, each of the 10 

USDHHS regions is identified with the name of a major city within that region (Fig 1).

Data Analysis

All eligible operations were categorized into groups on the basis of the patient’s STS-CHSD 

fundamental diagnosis (or primary diagnosis in instances when the fundamental diagnosis 

was missing). Cases were assigned to one of seven major diagnostic groups (Table 1). In 

addition, a subset of cases, made up of those that could be assigned to 1 of 10 more specific 

diagnoses of interest, were considered (Table 2). After stratification of cases according to 

these diagnostic criteria and assignment of each case to 1 of the 10 standard USDHHS 

health care regions used in government reporting, the frequency of each diagnostic group 

across the 10 regions was estimated (along with 95% confidence intervals). The proportion 

of patients in each diagnostic category (of all patients <1 year of age undergoing cardiac 

surgery in the region) was compared across regions using a χ2 test. The USDHHS regional 

classification system assigns a number and a major city to each region. The city names, 

which correspond to USDHHS contact sites within each region, are retained in this report 

only to facilitate recognition of regions. It should not, however, be inferred that cases 

correspond to that particular city any more than any others within that region. All analyses 

were performed using SAS version 9.3 (SAS Institute, Inc, Cary, NC). A probability value 

of less than 0.05 was considered statistically significant.

Results

Overall Frequency of Surgical Intervention

Evaluation of the overall frequency of surgical intervention within the first year of life with 

regard to major diagnostic groups demonstrated septal defects (26.2%) and left heart lesions 
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(24.7%) as being the most common (Table 3). In terms of specific diagnoses, tetralogy of 

Fallot (10.6%) and hypoplastic left heart syndrome (10.4%) were the most frequently 

reported (Table 4).

Geographic Variation for Seven Major Diagnostic Groups

Significant variation was observed for all seven major diagnostic groups across the 

USDHHS health care regions (Table 5). The proportion of patients undergoing surgery for 

septal defects ranged from 23.9% to 30.2% (p = 0.001); pulmonary venous anomalies, 2.8% 

to 4.5% (p = 0.03); right heart lesions, 15.7% to 21.4% (p < 0.0001); left heart lesions, 

22.7% to 30.4% (p = 0.0002); single-ventricle lesions, 7.3% to 11.4% (p < 0.0001); 

transposition of the great arteries and double-outlet right ventricle, 9.0% to 15.3% (p < 

0.0001); and coronary artery anomalies, 0.4% to 1.4% (p = 0.04). For each diagnostic group 

there were regions for which the 95% confidence intervals did not overlap. When compared 

with the region with the highest lower limit confidence interval, there was absence of 

overlap for 10% to 60% of regions, depending on the diagnostic cohort (Table 5).

Geographic Variation for Ten Specific Diagnoses

Significant regional variation was also observed among the cases assigned to 7 of the 10 

specific diagnoses selected for evaluation. More specifically, atrioventricular canal defect 

was the highest frequency in region 1 (Boston; p = 0.02), tetralogy of Fallot was the highest 

frequency in regions 2 and 3 (New York City and Washington, DC; p = 0.0006), pulmonary 

atresia and intact ventricular septum was the highest frequency in region 9 (San Francisco; p 

< 0.0001), tricuspid atresia was the highest frequency in region 1 (Boston; p = 0.009), 

unbalanced atrioventricular canal defect was the highest in region 5 (Chicago; p < 0.0001), 

hypo-plastic left heart syndrome was the highest frequency in region 7 (Kansas City; p = 

0.03), and transposition of the great arteries was the highest frequency in the region 7 

(Kansas City; p = 0.001); all displayed significance (Table 6). For all of the specific 

diagnoses with the exception of truncus arteriosus, there were regions for which the 95% 

confidence intervals did not overlap. When compared with the region with the highest lower 

limit confidence interval, there was absence of overlap for 10% to 60% of these regions 

depending on the diagnostic cohort (Table 6).

Comment

This study addresses a knowledge gap concerning the overall frequency and regional 

variability of surgery for CHD within the first year of life. Operations performed on patients 

within the first year of life account for approximately two thirds of all procedures in the 

STS-CHSD. Our analysis revealed significant regional variation in the frequency and 

relative proportions of both the seven major diagnostic groups and the 10 specific diagnoses 

across USDHHS health care regions.

The results of the present study add a new dimension in relation to previous studies, which 

described the prevalence of CHD within certain specific regions in the United States, but not 

rates of surgical intervention [13]. In these prior analyses, septal defects (including atrial 

septal defect, ventricular septal defect, and atrioventricular canal defect) are the most 
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common diagnostic group [14]. Our analysis demonstrates that they are also the most 

common lesion undergoing surgical intervention in neonates and infants. However, the 

frequency of surgery for more complex diagnostic groups is proportionately much greater 

than the overall prevalence of these complex lesions. For example, hypoplastic left heart 

syndrome, although 25 times less prevalent than septal defects in population estimates, 

accounts for almost half as many surgeries in the first year of life. Similar trends are seen for 

other complex lesions in our analysis; collectively tetralogy of Fallot and single-ventricle 

defects including hypoplastic left heart syndrome, atrioventricular canal defect, and 

transposition of the great arteries account for almost half of all index surgery cases 

performed. There are several relatively intuitive explanations for these noted discrepancies 

between overall prevalence and surgical frequency. First, less complex but more prevalent 

forms of CHD may not require any surgical intervention, or more specifically not within the 

first year of life. In contrast, more complex lesions sometimes require multiple surgical 

interventions during the first year of life. Because in our analysis every new hospital 

admission for cardiac surgery was noted as a separate database entry, a particular patient 

could be counted several times in prevalence estimates. For these reasons, our data regarding 

frequency of surgical intervention provides a useful estimate of overall lesion-related 

resource utilization and may be of particular utility for programmatic strategic planning and 

resource allocation.

Anecdotal theories regarding a higher frequency of surgical intervention for certain forms of 

CHD within specific US geographic regions are often discussed. This study provides 

objective data of significant variation across regions. Given the large sample size, it is not 

surprising that statistically significant differences were observed. Of greater overall utility is 

the quantification of these differences, which are perhaps best represented by the confidence 

intervals provided in Tables 5 and 6. There is expected overlap; however, evidence also 

demonstrates that there are differences in the relative proportions of various diagnostic 

groups among patients with CHD who undergo operative intervention.

Several questions arise when analyzing these data. Are these differences meaningful from a 

public health perspective? Is there a need to better investigate the impact of environmental 

and socioeconomic factors, which may be associated with geographic regions? Could 

economic or payer mix variables impact approval for surgical intervention within certain 

regions? Although previous studies have investigated the possible associations of 

environment with CHD [15], further investigation focused on answering these questions 

may lead to a significant transformation in how we understand the mechanisms by which we 

can improve our delivery of surgical care.

Strengths of this analysis include a study cohort representing greater than 95% of the 

pediatric heart surgery centers in the United States, and use of standardized nomenclature as 

applied to clinical data from the STS-CHSD, with its high degree of data entry completeness 

for the variables being analyzed. Given the nature of the STS-CHSD, the scope of the study 

was intentionally limited to an examination of the frequency of surgical intervention for 

these lesions within the first year of life. Although it is a comprehensive analysis of the 

surgical population, there is no intent to represent these results as pertaining to prevalence of 
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all CHD. Such an evaluation would of necessity include patients who either expire without 

treatment or undergo nonsurgical intervention.

In summary, this study analyzed 23,379 operations performed within the first year of life at 

94 centers across the United States and found significant regional variation in the frequency 

of both the seven major diagnostic groups and the 10 specific diagnoses across USDHHS 

regions. A better understanding of these patterns may allow for more informed approaches 

toward regional and national programmatic planning and resource allocation. This may 

direct initiatives to better address administrative and economic challenges evolving within 

this highly resource-intensive surgical subspecialty.
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Fig 1. 
US Department of Health and Human Services Health Care Regions are referred to by the 

name of a single major city within each region:

• Boston region (CT, ME, MA, NH, RI, VT)

• New York region (NJ, NY, PR, VI)

• DC (District of Columbia) region (DE, DC, MD, PA, VA, WV)

• Atlanta region (AL, FL, GA, KY, MS, NC, SC, TN)

• Chicago region (IL, IN, MI, MN, OH, WI)

• Dallas region (AR, LA, NM, OK, TX)

• Kansas City region (IA, KS, MO, NE)

• Denver region (CO, MT, ND, SD, UT, WY)

• San Francisco region (AZ, CA, HI, NV, AS, MP, FM, GU, MH, PW)

• Seattle region (AK, ID, OR, WA)

Husain et al. Page 8

Ann Thorac Surg. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Husain et al. Page 9

Table 1

Seven Major Diagnostic Groupsa

1 Septal defects

a. Atrial septal defect (10, 20, 30, 40, 50)

b. Ventricular septal defect (71, 73, 75, 77, 79, 80)

c. Aortopulmonary window (140, 150)

d. Atrioventricular canal defect (100, 110, 120)

e. Truncus arteriosus (160, 170, 2010)

2 Pulmonary venous anomalies

a. Partial anomalous pulmonary venous connection (180, 190)

b. Total anomalous pulmonary venous connection (200, 210, 220, 230, 250)

3 Other right heart lesions

a. Tetralogy of Fallot (290, 2140, 300, 310)

b. Pulmonary atresia (320, 330, 340, 350, 360)

c. Tricuspid valve disease/Ebstein’s anomaly (370, 380, 390, 400, 410)

d. Right ventricular outflow tract obstruction and/or pulmonary stenosis (420, 430, 440, 450, 470, 490, 500)

e. Pulmonary valve disease (510, 530, 540)

4 Left heart lesions

a. Aortic valve disease (550, 560, 570, 590, 600, 610, 620)

b. Sinus of valsalva aneurysm (630)

c. Left ventricle to aortic tunnel (640)

d. Mitral valve disease (650, 660, 670, 680, 695, 700, 710, 720)

e. Shone’s syndrome (2080)

f. Coarctation (990)

g. Aortic arch hypoplasia (1000)

h. Aortic arch hypoplasia + ventricular septal defect (92)

i. Coarctation + ventricular septal defect (94)

j. Interrupted aortic arch (1070)

k. Interrupted aortic arch + ventricular septal defect (2020)

l. Interrupted aortic arch + aortopulmonary window (2000)

m. Hypoplastic left heart syndrome (730)

5 Single ventricle

a. Double-inlet left ventricle (790)

b. Double-inlet right ventricle (800)

c. Mitral atresia (810)

d. Tricuspid atresia (820)

e. Unbalanced atrioventricular canal (830)

f. Heterotaxia syndrome (840)

g. Other (850)

h. Single ventricle + total anomalous pulmonary venous connection (851)

6 Transposition of the great arteries and double-outlet ventricles

a. Congenitally corrected transposition of the great arteries (870, 872, 874, 876, 878)
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b. Transposition of the great arteries with concordant atrioventricular connections

i. Transposition of the great arteries, ventricular septal defect (880)

ii. Transposition of the great arteries, intact ventricular septum–left ventricular outflow tract obstruction (890)

iii. Transposition of the great arteries, ventricular septal defect (900)

iv. Transposition of the great arteries, ventricular septal defect–left ventricular outflow tract obstruction (910)

c. Double-outlet right ventricle (930, 940, 950, 960, 2030, 975)

d. Double-outlet left ventricle (980)

7 Coronary artery anomalies (1010, 1020, 1030, 1040, 1050)

a
The numbers within parenthesis are the individual diagnostic codes in the STS-CHSD Version 3.0 (2010–2013).
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Table 2

Ten Specific Diagnosesa

1 Atrioventricular canal defect (100, 110, 120)

2 Truncus arteriosus (160, 170, 210)

3 Total anomalous pulmonary venous connection (200, 210, 220, 230, 250)

4 Tetralogy of Fallot (290, 2140, 300, 310)

5 Pulmonary atresia with intact ventricular septum (330)

6 Tricuspid atresia (820)

7 Unbalanced atrioventricular canal (830)

8 Hypoplastic left heart syndrome (730)

9 Interrupted aortic arch (1070, 2020, 2000)

10 Transposition of the great arteries with concordant atrioventricular connections (880, 890, 900, 910)

a
The numbers within parenthesis are the individual diagnostic codes in the STS-CHSD Version 3.0 (2010–2013).
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Table 3

Frequency of Seven Major Diagnostic Groups Requiring Surgical Intervention in the First Year of Life in the 

Overall Study Cohort

Diagnostic Group Overall (n = 23,379)

Septal defects, n (%) 6,116 (26.2)

Pulmonary venous anomalies, n (%) 860 (3.7)

Other right heart lesions, n (%) 4,507 (19.3)

Left heart lesions, n (%) 5,780 (24.7)

Single ventricle, n (%) 2,285 (9.8)

Transposition of the great arteries and double-outlet ventricles, n (%) 2,760 (11.8)

Coronary artery anomalies, n (%) 139 (0.6)
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Table 4

Frequency of Ten Specific Diagnoses Requiring Surgical Intervention in the First Year of Life in the Overall 

Study Cohort

Specific Diagnosis Overall (n = 23,379)

Atrioventricular canal, n (%) 2,126 (9.1)

Truncus arteriosus, n (%) 426 (1.8)

Total anomalous pulmonary venous return, n (%) 826 (3.5)

Tetralogy of Fallot, n (%) 2,486 (10.6)

Pulmonary atresia/intact ventricular septum, n (%) 462 (2.0)

Tricuspid atresia, n (%) 633 (2.7)

Unbalanced atrioventricular canal, n (%) 248 (1.1)

Hypoplastic left heart syndrome, n (%) 2,432 (10.4)

Interrupted aortic arch, n (%) 404 (1.7)

Transposition of the great arteries, n (%) 1,657 (7.1)
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