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Abstract: Health disparities are “differences in the quality of
health and health care across different populations.” Potential
disparities associated with race, ethnicity, gender, and socio-
economic status should be considered when attempting to develop
models for survival and neurodevelopmental outcomes in neo-
nates undergoing congenital heart surgery. Each of the afore-
mentioned sociodemographic factors is related to postsurgical
mortality because they are frequently linked to measures of access
to care in addition to location of care (geographically) and the
type of institution (teaching vs. nonteaching) where patients

receive care. Traditionally these factors have not been considered
in models of surgical treatment outcomes in conditions such as
hypoplastic left heart syndrome. However, we believe these fac-
tors should at least be included in risk analysis models to help
explain their impact on outcomes and in predicting outcomes.
Therefore, the purpose of this article is to highlight some of the
nonsurgical influences that affect survival after neonatal heart
surgery such as race, ethnicity, gender, and socioeconomic status.
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The 2008 National Healthcare Disparities Report defines
“health disparities” as “differences in the quality of health
and health care across different populations.” These
include “differences in the presence of disease, health out-
comes, or access to health care across racial, ethnic, sexual
orientation and socioeconomic groups” (1). The report
concluded that health disparities are common and that
the lack of health insurance is an important contributor
to disparities. According to the Agency for Healthcare
Research and Quality, disparities in health exist among a
number of “special” or “priority” populations such as low-
income groups, women, children, older adults >65 years
of age, residents of rural areas, and individuals with spe-
cial health needs (disabilities or end-of-life care). Unfor-
tunately, health disparities are increasing, and some
areas need the most attention: cancer, heart failure, and
pneumonia. More importantly, health disparities can
exist even when access to care is equalized as depicted
in Figure 1 (2).

To fully understand sociodemographic contributors to
disparities in surgical outcomes, it will be helpful to give
consideration to the contribution and reporting of race,
ethnicity, gender, and socioeconomic factors to general
health outcomes. The American Psychological Associa-
tion Publication Manual suggests that researchers should
“report major demographic variables such as sex, age,
and race/ethnicity and where possible and appropriate,
characteristics such as socioeconomic status (SES), dis-
ability status and sexual orientation” (3). These reporting
standards were established because the aforementioned
sociodemographic factors are believed influence health-
related outcomes. For example, “SES is one variable that
encompasses a complex interaction of a wide range of
associated variables such as income, education, insurance
status, access to care and health related beliefs that have
the potential to influence an individual’s quality of care”
(4). Therefore, we believe the relationship between these
sociodemographic factors and surgical outcomes has not
been adequately considered in studies of postsurgical out-
comes. The mechanism by which these sociodemographic
factors influence postsurgical outcomes is depicted in our
conceptual model (Figure 2). The proposed model out-
lines the manner by which disparities in outcomes emerge
as a result of nonsurgical factors that are associated with
surgical survival.

Received for publication April 18, 2011; accepted November 18, 2011.
Address correspondence to: Joseph J. Sistino, MS, MPA, CCP, Medical
University of South Carolina, 151B Rutledge Avenue, Charleston, SC
29425. E-mail: sistinoj@musc.edu
The senior author has stated that authors have reported no material,
financial, or other relationship with any health care-related business or
other entity whose products or services are discussed in this article.

232

JECT. 2011;43:232–235
The Journal of ExtraCorporeal Technology



Therefore, the purpose of this article is to briefly exam-
ine the contribution of sociodemographic factors, i.e., race/
ethnicity, gender, low income, or SES to survival after
neonatal heart surgery. Traditionally, risk adjustment
models (Aristotle Complexity Score [ARISTOTLE], Risk
Assessment for Congenital Heart Surgery [RACHES-1],
and Society of Thoracic Surgeons [STS]) used to develop
survival projections are based on the either individual or
combined medical procedures have not incorporated
these other demographic factors. In this article, we provide
evidence that these sociodemographics are integrally
associated with outcomes and should be included in the
risk analysis.

POSTSURGICAL OUTCOMES: HYPOPLASTIC
LEFT HEART SYNDROME

Successful surgical treatment for hypoplastic left heart
syndrome (HLHS) is considered an important quality
indicator for pediatric cardiac surgical programs. HLHS
is the eighth most common congenital heart defect and
occurs in 1.8/10,000 live births. Cardiac surgery during the
neonatal period is often very complex and is associated
with high mortality and morbidity. The 12-month survival
or freedom from cardiac transplantation after Norwood

Stage I surgical repair and the subsequent Bidirectional
Glenn procedure is between 64% and 74% (5).

RACE AND ETHNICITY

Association with Congenital Heart Defects
Population-based national estimates for selected birth

defects including ethnic/racial variation between 1999
and 2001 were reported in 2006 by Canfield. Racial and
ethnic patterns for several congenital cardiac defects
were described with truncus arteriosus, tetralogy of Fallot,
and atrioventricular canal occurring most frequently
in non-Hispanic blacks. For Transposition of the great
arteries and HLHS, the prevalence is greatest in non-
Hispanic whites.

Association with Genetic Syndromes
The prevalence of genetic syndromes differs by race

and ethnicity. Down syndrome (trisomy 210) has the
highest prevalence Hispanics followed by non-Hispanic
whites. Non-Hispanic blacks have the highest rate of
trisomy 13 and trisomy 18 (6). The annual report for birth
defects in Hawaii recorded the prevalence of Turner
syndrome for the seven racial/ethnic groups. Rates
were highest for Japanese, black, and Chinese followed

Figure 1. Differences, disparities, and dis-
crimination: Populations with equal access
to healthcare. (Reprinted with permission)

Figure 2. Conceptual model of non-
surgical factors affecting survival and
developmental outcomes in neonatal
heart surgery.
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by white and Filipino and lowest for Hawaiian and
Samoan (7).

The presence of a known chromosomal syndrome dou-
bles the risk of death after surgery for hypoplastic heart
syndrome. The most common in the HLHS population
is Turner syndrome. Mortality is increased in the
patients with a known genetic syndrome, although the
cause of death is usually not attributed to the noncardiac
defect (8).

Association with Low Birth Weight
Low birth weight significantly increases mortality and

morbidity after cardiac surgery in infancy (9). Nembhard
in 2009 (10) outlined the risks of preterm birth (PTB) in
infants with congenital heart disease by ethnic group.
“The greatest risk for PTB was for non-Hispanic black
infants with conotruncal CHD. Non-Hispanic blacks with
Truncus Arteriosus, Transposition of the Great Vessels
and Tetralogy of Fallot had an increased risk of PTB
compared to non-Hispanic whites” (odds ratio [OR] =
4.8, 3.1, and 2.0, respectively; all p < .05). Non-Hispanic
blacks with HLHS had 2.0 times the risk for PTB as
non-Hispanic whites (10). Preterm birth is associated
with low birth weight; therefore, mortality rates after
Norwood Stage I operation may be associated with racial/
ethnic factors.

Association with Mortality
A secondary analysis using data in a national study on

hospital mortality after Norwood stage (11) indicated that
the mortality rate for whites was 21.1% (n = 52) and for
nonwhites was 27.8% (n = 58). The secondary analysis
was completed by constructing a two-by-two contin-
gency table to observe the difference in mortality based
on race. Race differences approximated statistical sig-
nificance (p = .06) based on a c2 test (one-tailed Fisher’s
exact test).

GENDER

Gender has been shown to influence survival after
infant heart surgery. Males are more likely to have more
complex congenital cardiac surgery in infancy, which often
requires multiple surgical procedures. However, the mor-
tality rate after risk adjusting for females was found to be
significantly higher (OR = 1.2; 95% confidence interval
[CI] = 1.08–1.36) in the high-risk group. The authors con-
cluded that “this is the largest study to document that
the overall adjusted risk of in-hospital mortality was 21%
higher in females but this was accounted for only by
female neonates who had a RACHS-1 risk category of
4 to 6, a group that comprised less than 15% of all those
undergoing cardiac surgery but accounted for as much as
40% of all CHD surgical deaths” (12).

SOCIOECONOMIC STATUS

Socioeconomic status is an important factor influenc-
ing surgical mortality in adults. In a review of more than
one million medical records for 13 complex surgical pro-
cedures and calculation of SES on median household
incomes using zip code data, univariate analyses indicated
that patient SES, race, insurance status, admission status,
hospital procedure-specific volume, and hospital SES were
all significant predictors of postoperative survival. Multi-
variate analysis after adjustment for patient and hospital
factors showed that SES was the strongest indicator for
survival. A single-level decrease is SES was associated
with a 7.1% increased operative mortality risk (13).

Association with Access to Care
The combination of geographic location and SES is

known to affect access to care. Families of patients from
SES backgrounds have limited resources for researching
surgical options. For example, only approximately one-
third of Americans have Internet access. However, Inter-
net access is very low among racial–ethnic minorities and
individuals from low SES backgrounds. Consequently,
they are often unable to compare outcomes from individ-
ual institutions and therefore cannot select those institu-
tions where the highest quality care is offered based on
published outcomes. Higher SES is associated with behav-
iors that seek a higher procedure volume and institutional
reputation for a given surgical specialty, and this could be
extremely important in high-risk neonatal cardiac surgical
procedures. It may be necessary to travel to another city
to access a higher quality of care and that may not be pos-
sible with low SES. Therefore, SES appears to be a critical
variable associated with surgical outcomes.

Geographic location and the type of institution (teaching
vs. nonteaching) significantly influences Norwood Stage I
mortality (14). Hospital mortality for Norwood Stage I was
31.3% in the South vs. 11.2% in the Northeast (11). More
than 10 years ago in 1997, the difference in mortality for
teaching vs. nonteaching hospitals was 17% and that was
reduced to only 3% by 2000. In 1997, surgical mortality
after Norwood Stage I in hospitals performing one to two
procedures/year approached 50%. Recognition of this high
mortality in nonteaching centers during this time period
caused a shift in surgical volume to teaching hospitals.

Association with Neurodevelopmental Outcomes
In a review of 2-year survival and mental development

scores after the Norwood operation, regression analysis
showed that SES as determined by the Bishen Index (15)
was an independent predictor of Mental Development
Index (MDI) scores (p = .01). Patients in this study had the
Modified Blalock-Taussig shunt in the earlier period and
then right ventricle to pulmonary artery in the later era
(starting in 2002). Regardless of the type of primary repair,
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lower SES was associated with a decreased MDI score. In
the same study, gender was found to be an independent pre-
dictor of the Psychomotor Development Index (PDI) score
and male gender was associated with lower PDI scores (p =
.03) (16).

Association with Available Resources after Surgery
Interstage mortality is greatly reduced by home surveil-

lance programs. Home surveillance includes daily oxygen
saturation monitoring and weight measurement and is
associated with a reduction in interstage mortality from
15% to 0% (17). The cost of these programs, the time
commitment, and the equipment involved may be a chal-
lenge for families with low SES. Patients with HLHS
require a tremendous amount of postoperative care to
maintain consistent weight gain and prevent infection to
successfully progress through all three operations and thus
available resources are critical to their outcome.

LACK OF RESEARCH PARTICIPATION
AMONG MINORITIES

Assessment of outcomes in minority patient populations
is especially difficult as a result of decreased enrollment in
clinical research studies. One example is the significant dif-
ference in the number enrolled patents who returned for
follow-up in a study on neurodevelopmental outcomes after
surgery for HLHS, 56% vs. 44%, white vs. nonwhite (18). A
secondary analysis of published data based on c2 analysis
indicates that this is a highly significant difference (p < .001).

CONCLUSION

Disparities in outcomes associated with race, ethnicity,
gender, and SES are present in survival after complex
surgery during infancy. Although they are traditionally
considered “associated factors,” they may be more impor-
tant to outcomes than previously thought and should be
considered in the development of risk models for survival
and neurodevelopmental outcomes in this population. We
believe these sociodemographic factors should at least be
included in the risk analysis to help explain their impact on
the outcomes in the future. Although they may be associ-
ated with other risk factors, in some models, they can
potentially play a significant role in predicting outcomes.
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