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Abstract

Background—Previous studies on the impact of race and sex on outcome in children
undergoing cardiac operations were based on analyses of administrative claims data. This study
uses clinical registry data to examine potential associations of sex and race with outcomes in
congenital cardiac operations, including in-hospital mortality, postoperative length of stay (LOS),
and complications.

Methods—The Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-CHSD)
was queried for patients younger than 18 years undergoing cardiac operations from 2007 to 2009.
Preoperative, operative, and outcome data were collected on 20,399 patients from 49 centers. In
multivariable analysis, the association of race and sex with outcome was examined, adjusting for
patient characteristics, operative risk (Society of Thoracic Surgeons—European Association for
Cardiothoracic Surgery [STAT] mortality category), and operating center.

Results—Median age at operation was 0.4 years (inter-quartile range 0.1-3.4 years), and 54.4%
of patients were boys. Race/ethnicity included 54.9% white, 17.1% black, 16.4% Hispanic, and
11.7% “other.” In adjusted analysis, black patients had significantly higher in-hospital mortality
(odds ratio [OR], 1.67; 95% confidence interval [CI], 1.37-2.04; p < 0.001) and complication rate
(OR, 1.15; 95% Cl, 1.04-1.26; p < 0.01) in comparison with white patients. There was no
significant difference in mortality or complications by sex. Girls had a shorter LOS than boys
(-0.8 days; p < 0.001), whereas black (+2.4 days; p< 0.001) and Hispanic patients (0.9 days; p <
0.01) had longer a LOS compared with white patients.

Conclusions—These data suggest that black children have higher mortality, a longer LOS, and
an increased complication rate. Girls had outcomes similar to those of boys but with a shorter LOS
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of almost a day. Further study of potential causes underlying these race and sex differences is
warranted.

Knowledge concerning the potential associations of sex and race with outcomes after
congenital cardiac operations is limited. In the domain of adult cardiac operations for
acquired heart disease, associations of sex and race with outcomes have been studied more
extensively, and many of these studies have used data from the Society of Thoracic
Surgeons (STS) Adult Cardiac Surgery Database [1-4]. For pediatric patients undergoing
cardiac operations, several recent studies have examined potential associations between in-
hospital mortality and patient sex and race/ethnicity [5-16]. The majority of these studies
have based their inferences on analyses of statewide or nationwide administrative claims
databases, which collect data from hospital billing records regarding International
Classification of Diseases, 9th revision (ICD-9) diagnostic and procedural codes to identify
cases of interest. Other studies have used birth defect registries, which also use the ICD-9
coding system [17]. Previous analyses have suggested important limitations of
administrative databases and the ICD-9 coding system in regard to pediatric cardiac case
ascertainment [18-20]. To our knowledge, the association of patient race and sex with
outcome has not been previously studied in a clinical registry specific to congenital heart
disease. A better understanding of potential disparities in outcomes across race and sex is a
necessary first step toward further study of the mechanisms underlying these differences.
Thus the purpose of the present study was to use a large national multiinstitutional clinical
database to investigate the potential associations of sex and race/ethnicity with outcomes
after congenital cardiac operations, including operative mortality, postoperative length of
stay (LOS), and occurrence of complications.

Patients and Methods

Data Source

The STS Congenital Heart Surgery Database (STS-CHSD) was used for this study. The
STS-CHSD contains preoperative, operative, and outcomes data on all children undergoing
cardiac operations at participating centers and currently represents more than 80% of all US
centers performing pediatric cardiac operations [21]. Diagnoses and procedures are coded by
clinicians and affiliated personnel using the International Pediatric and Congenital Cardiac
Code, which was developed through a collaborative effort of an international group of
pediatric cardiologists and congenital heart surgeons [22]. Data quality and reliability are
evaluated through intrinsic verification of data (eg, identification and correction of missing/
out of range values and inconsistencies in values across fields), and a formal process of site
visits and data audits conducted by a panel of independent data quality personnel and
pediatric cardiac surgeons at 6 randomly chosen institutions annually [23, 24]. The Duke
Clinical Research Institute serves as the data warehouse and analytic center for all of the
STS National Databases. This study was approved by the Duke University Medical Center
Institutional Review Board with waiver of informed consent and by the Access and
Publications Committee of the STS Workforce for National Databases.

Study Population

Ninety-eight centers submitted data from January 1, 2007 to December 31, 2009 from
patients less than 18 years of age undergoing any cardiovascular operation classified in the
Society of Thoracic Surgeons—European Association for Cardiothoracic Surgery (STAT)
mortality categories (category 1 = lowest mortality risk, category 5 = highest mortality risk)
[25]. This risk stratification system was recently developed based on empirical data from
nearly 80,000 patients and is able to classify greater numbers of operations compared with
other risk stratification systems. We have previously described the individual operations that
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compose each of the STAT mortality categories [25]. For the present study, centers with
more than 15% missing data for the study variables (n = 26), and centers (n = 4) with very
small sample size (<5 operations during the entire study period) were excluded. Although
the STS-CHSD contains nearly complete data for the standard core data fields required to
calculate in-hospital mortality, not all centers submit complete data for the other variables,
such as patient preoperative factors and complications. Therefore it is standard practice to
exclude centers with more than 15% missing data for key study variables to maximize data
integrity and minimize missing data. From the 49 remaining centers, patients with missing
data for any study variable were excluded. Of note, in-hospital mortality in patients in our
study was similar to the overall cohort of patients undergoing congenital cardiac operations
during the study period (4.3% versus 4.0%).

Data Collection

Outcomes

Analysis

Data collected included patient age, sex, weight, race, presence of any noncardiac
abnormality/genetic syndrome or other preoperative risk factor (including cardiovascular,
respiratory, neurologic, renal, hematologic, and infectious conditions) as defined in the STS-
CHSD [26]. The index cardiac operation performed during a given hospitalization was
classified by the STAT mortality category [25]. Center characteristics were also collected,
including average annual center surgical volume of STAT-classified cases during the study
period.

The primary outcome was in-hospital mortality. Secondary outcomes included postoperative
LOS and the occurrence of any STS-defined postoperative complication [26].

Study variables were described overall and across race and sex groups using standard
summary statistics. The STS-CHSD contains the following fields regarding race/ethnicity:
white, black, Hispanic, Asian, Native American, and other. For the purposes of this analysis,
race/ethnicity was categorized as white, black, Hispanic, and other (with “other”
representing the aggregate of Asian, Native American, and other in the data specifications).
Unadjusted outcomes were compared across race and sex groups using the x? and Kruskal-
Wallis tests. Multivariable analysis was then performed to evaluate the association of race
and sex with outcome. For dichotomous outcome variables, conditional logistic regression
stratified by center was used. Odds ratio (OR) and 95% confidence interval (Cls) are
reported. For postoperative LOS, linear regression with center modeled as a main effect was
used. Postoperative LOS was not normally distributed and was therefore log transformed for
analysis. Results are reported as parameter estimates and 95% Cls. Importantly, these
models, which condition on center, were chosen because they measure the association
between the variables of interest (race and sex) and outcome within each center and then
combine these results across centers, thus mitigating potential center effects. Models that
instead provide averaged estimates across centers do not exclude the possibility that any
difference found related to race or sex may be related to other unaccounted for differences in
treatment or outcomes between centers. All models were adjusted for age, weight, any
noncardiac/genetic abnormality, any other STS preoperative risk factor (as already
described), and STAT mortality category. All analyses were performed using STATA,
version 11.2 (StataCorp, College Station, TX). A pvalue less than 0.05 was considered
statistically significant.
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Study Population

Initial query of the STS-CHSD for the 3-year time interval of 2007 through 2009, inclusive,
revealed 46,490 patients at 98 centers undergoing operations classified in the STAT
mortality categories. Applying the aforementioned inclusion and exclusion criteria, the final
study population included 20,399 patients from 49 centers. Table 1 describes study
population characteristics overall and by race and sex subgroups. Overall there were 11,100
boys (54.4%) and 9,299 girls (45.6%). Patient race/ethnicity included 11,198 (54.9%) white,
3,479 (17.1%) black, 3,345 (16.4%) Hispanic, and 2,377 (11.6%) “other” patients. Median
age of the cohort was 0.4 years (interquartile range, 0.1-3.4 years). Age and weight at
operation were similar across groups, with the exception that black patients tended to be
slightly younger and weigh less. The proportion of patients with any noncardiac/genetic
abnormality and any preoperative risk factor was similar across groups, as was the
distribution of STAT mortality categories (Table 1).

Unadjusted Outcomes

Unadjusted outcomes in the race and sex categories are displayed in Table 2. In unadjusted
analysis by sex, girls had a shorter postoperative LOS and fewer postoperative
complications. There was no difference in mortality when comparing boys and girls. In
unadjusted analysis by race/ethnicity, white patients had the lowest mortality rate, shortest
postoperative LOS, and lowest postoperative complication rate (Table 2).

Adjusted Outcomes

Comment

Results from multivariable analysis are displayed in Table 3. Sex analysis showed that girls
had a shorter postoperative LOS than did boys (-0.8 days; p < 0.001). There was no
significant difference in mortality or postoperative complications in adjusted analysis by
sex.

In adjusted analysis by race/ethnicity, black patients had significantly higher in-hospital
mortality (OR, 1.67; 95% ClI, 1.37-2.04; p < 0.001) in comparison with white patients.
There were no other significant mortality differences. Black patients (+2.4 days; p < 0.001)
and Hispanic (0.9 days; p < 0.01) patients also had a significantly longer postoperative LOS
when compared with white patients. Finally, black patients had a significantly higher rate of
postoperative complications (OR, 1.15; 95% ClI, 1.04-1.26; p < 0.01) in comparison with
white patients.

This study represents the first investigation of potential associations between sex and race
and the outcome of pediatric cardiac operations using a national multiinstitutional disease-
specific clinical registry. Our study revealed several associations between race and sex and
outcome after pediatric cardiac operations, including shorter hospital stays for girls than for
boys but no difference in mortality rates by sex. In-hospital mortality and the rate of
postoperative complications were higher for black than for white patients, and black and
Hispanic patients had a longer postoperative LOS.

These results are best considered in the context of previous studies [5-16]. Although the
findings of previous studies have been somewhat inconsistent, several have suggested an
association between sex and mortality rate, with girls having a greater mortality risk [6, 7].
In the present study, multivariable analysis with adjustment for patient factors,
comorbidities, and STAT mortality category revealed a shorter postoperative LOS in girls
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but no difference in in-hospital mortality or rate of the occurrence of postoperative
complications. The reasons for the differences between the findings of our study compared
with others are unclear. It is possible that the use of clinical registry data allows better
adjustment for other patient risk factors and surgical risk; however we also did not find any
significant difference in mortality in unadjusted analysis in our dataset. Further investigation
into the longer postoperative LOS found in our study in boys is warranted. It has been
shown previously that LOS, or room and board charges, is 1 of the most significant factors
associated with increased hospital charges in patients undergoing congenital cardiac
operations [27].

In regard to race, multiple previous studies have found significant associations between race
and outcome [5-16]. The present study confirms some of these findings in a large clinical
registry. Inconsistencies across geographic regions with respect to associations between race
and outcome have been demonstrated in at least 1 previous study [9], whereas others have
suggested that racial and ethnic disparities in outcome do not appear to be related to
differences in access to care or insurance type [11, 13, 28]. In an effort to minimize
confounding by location of care, we used multivariable models that condition on center and
measure the association between the variables of interest and outcome within each center,
thus mitigating potential center effects. Our models exclude the possibility that our results
are due to differences between centers; therefore our results cannot be explained by the
possibility that patients of certain races might be disproportionally treated at centers with
poorer outcomes in general. Accounting for surgical risk (through adjustment for STAT
mortality category) also excludes the possibility that an association of certain race/ethnicities
with “riskier” operations explain the results.

The relative strengths of this analysis are related to the use of clinical data from the STS-
CHSD, the inclusion of a large number of centers and patients, and evaluation of data from
only centers with a high degree completeness of data. The use of the multivariable analysis
conditioned on center is also important, in addition to adjustment for other patient factors
and STAT mortality category. Limitations of the study include the lack of socioeconomic
and insurance data in the analysis. Thus we are not able to determine the extent to which our
findings may be related to differences in insurance type, socioeconomic factors, education,
or access to care. Other limitations are related to the nature of the STS-CHSD. Despite the
large size of the database, there is the possibility that patients and data in the STS-CHSD are
not entirely representative of other populations, particularly since not all hospitals
submitting data to the database submit race data on all patients. The similarity in mortality
rates between the included cohort and the overall population of patients included in the STS-
CHSD undergoing cardiac operations during the study period supports the generalizability
of our findings. Finally, end points used for this analysis pertain only to events during the
surgical hospital admission, so deaths or complications after discharge from the hospital are
not included in the analysis.

In conclusion, analysis of demographic and clinical data pertaining to 20,399 patients in the
STS-CHSD revealed important associations between sex, race, and outcome after pediatric
cardiac operations. Evaluation of complex relationships between clinical variables and
socioeconomic and other factors that may affect access to care remains a significant
challenge. Since much of the pertinent socioeconomic data are not collected in the STS-
CHSD, an analysis of a linked dataset that capitalizes on the strengths of both the STS-
CHSD and those of administrative claims datasets may be a logical next step.
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Table 3
Adjusted Outcomes
A. In-Hospital Mortality
Variable OddsRatio  95% CI p Value
Sex
Female 1.07 0.92,1.23 0.39
Male Reference
Race/ethnicity
Black 1.67 1.37,2.04 <0.001
Hispanic 112 0.90, 1.39 0.31
Other 1.24 0.98, 1.57 0.07
White Reference
B. Postoperative LOS
Variable Estimate (log days)@ 95% ClI p Value
Sex
Female -0.046 -0.071,-0.021  <0.001
Male Reference
Race/ethnicity
Black 0.148 0.112,0.184 <0.001
Hispanic 0.053 0.015, 0.091
Other race 0.016 —0.025, 0.058
White Reference
C. Postoper ative Complications
Variable OddsRatio  95% CI p Value
Sex
Female 0.94 0.88,1.01 0.08
Male Reference
Race/ethnicity
Black 1.15 1.04,1.26 <0.01
Hispanic 1.07 0.97,1.18 0.18
Other race 1.11 0.99,1.24 0.06
White Reference

Page 10

aEstimated difference in days was also calculated from the models: female versus male: (=0.8 days); race/ethnicity: black (+2.4 days), Hispanic
(+0.9 days), and other (+0.3 days)—all versus white.

CI = confidence interval; LOS = length of stay.
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