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ABSTRACT

Objective: Prior studies demonstrate an association between nonwhite race/
ethnicity, insurance status, and mortality after pediatric congenital heart surgery.
The influence of severity of illness on that association is unknown. We examined
the relationship between race/ethnicity, severity of illness, and mortality in congen-
ital cardiac surgery, and whether severity of illness is a mechanism by which
nonwhite patients experience increased surgical mortality.

Methods: We performed a retrospective cohort study of children younger than
age 18 years old undergoing cardiac surgery admitted to the intensive care unit
(n = 40,545) between 2009 and 2016 from the Virtual Pediatric Systems (VPS,
LLC, Los Angeles, Calif) database. Multivariate regression models were constructed
to examine the role of severity of illness as a mediator between race/ethnicity and
mortality in children undergoing cardiac surgery.

Results: In multivariate models examining severity of illness scores, African-
American patients had statistically significant higher severity of illness scores
when compared with their white counterparts. In multivariate models of intensive
care unit mortality after adjustment for covariates, African-American patients had a
higher odds of postoperative mortality (odds ratio, 1.40, 95% confidence interval,
1.04-1.89) when compared with white children. This increased odds of mortality was
mediated through higher severity of illness, because adjustment for severity of
illness removed this survival disadvantage for black patients.

Conclusions: Although African-American children undergoing cardiac surgery had
higher postoperative mortality, this survival difference appears to be mediated via
severity of illness. Preoperative and intraoperative factors may be drivers for this
survival disparity. (J Thorac Cardiovasc Surg 2020;160:1570-9)
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African-American patients have 40% higher odds
of death, mediated by illness severity.

CENTRAL MESSAGE

African American race is associ-
ated with higher odds of death
after congenital heart surgery,
mediated by severity of illness.
Improving pre- and intraopera-
tive factors may improve this
disparity.

PERSPECTIVE

African-American children admitted after con-
genital heart surgery have 40% higher odds of
mortality than white children. However, after
adjustment for illness severity, this difference is
no longer significant, suggesting that pre- and in-
traoperative factors may be drivers for this racial
disparity. Efforts to improve preoperative access
may decrease postsurgical survival disparities.

Previous studies demonstrate an association between
minority race/ethnicity and higher mortality after cardiac
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surgery in both adult and pediatric populations.'™
Referral  patterns, management differences after
post-operative complications, and differences in use of
rescue therapies are contributing etiologies.™ However,
the influence of illness severity on racial/ethnic disparities
in congenital cardiac surgical outcomes has not been fully
examined. Differences in severity of illness may occur
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Abbreviations and Acronyms

CCC = complex chronic conditions
ICD = International Classification of Diseases
ICU = intensive care unit

PICSIM = Pediatric Index of Cardiac Surgical
Intensive Care Mortality

PIM 2 = Pediatric Index of Mortality 2

PRISM 3 = Pediatric Risk of Mortality 3

STAT = Society of Thoracic Surgeons-European
Association of Cardio-Thoracic Surgery
VPS = Virtual Pediatric Systems, LLC

from differential access to primary and subspecialty health
services, variations in intraoperative care, and underlying
patient complexity. We hypothesized that limited access
to subspecialty services leads to greater severity of illness
scores at presentation and poorer outcomes for nonwhite
children. Delineating the association between race/
ethnicity, severity of illness, and cardiac surgical outcomes
is vital, enabling health care systems to appropriately
allocate resources to reduce identified disparities. If
increased severity of illness is a driver of surgical
disparities, efforts to address etiologies behind these
variations in severity of illness should be the focus of
improvement efforts.

We examined the association between race/ethnicity and
severity of illness in children undergoing congenital heart
surgery in a multi-institutional registry of critically ill
children. Furthermore, we evaluated the influence of
severity of illness and race/ethnicity on surgical survival.

MATERIALS AND METHODS

We performed a retrospective cohort study using the Virtual Pediatric
Systems, LLC (VPS) (Los Angeles, Calif) database, a clinical registry of
154 pediatric intensive care units (ICU) in North America. Hospitals report
demographic characteristics, ICU specific data, diagnoses, and procedures.
All data were de-identified, qualifying for exemption from human subjects
review by the Seattle Children’s Hospital Institutional Review Board.

‘We included patients younger than age 18 years who underwent cardiac
surgery during or immediately before admission to the intensive care unit
between 2009 and 2016. We included centers that reported race/ethnicity
for at least 85% of their entries and limited the population to the United
States. All patients with a Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery (STAT) category were included
in the analysis (n = 40,545), which included 72 institutions.

Race/ethnicity was the independent variable of interest in our analysis
and categorized into white, African American, Hispanic ethnicity, Asian
(included Asian, Indian, and Pacific Islander), American Indian, other, or
missing. Other, mixed, and unspecified race/ethnicities were combined
into one “other” category.

We analyzed additional variables that may impact surgical survival.
Weight in kilograms was coded as a continuous variable. Age at time of
ICU admission was categorized into <1 month, 1 month to <12 months,
1 to 9 years, and 10 to 17 years old. Using International Classification of
Diseases, Ninth Revision (ICD-9) diagnostic codes, patients born
<37 weeks’ gestation were identified as premature. Due to the high
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proportion of patients with missing insurance information, insurance status
was not included in the analysis.

As ameasure of underlying medical complexity, using ICD-9 diagnostic
codes, complex chronic conditions (CCC) were assessed® and the total
number of noncardiac organ systems were grouped as 0, 1, 2, or >3
noncardiac organ systems. Diagnostic codes used to categorize noncardiac
CCCs are all ICD-9 codes because the transition to ICD-10 did not occur in
the VPS database until April 2019.

Surgical complexity was ascertained using the STAT categories, which
classify congenital heart surgical procedures from 1 to 5, with 5 being the
most complex and associated with the highest risk of mortality.” In the VPS
dataset, STAT categories are assigned by reviewing the medical record for
qualifying cardiac surgical procedures and are coded independently of
diagnostic codes.” STAT categories were further grouped into low
complexity (STAT 1 or 2), moderate complexity (STAT 3 or 4), and high
complexity categories (STAT 5). Patients who had multiple surgeries
during their admission were categorized into the STAT category of their
most complex surgery to capture the highest surgical risk that each patient
experienced. Operating room status was categorized as an admission to the
ICU directly from the operating room (postoperative admission patients) or
from other locations before cardiac surgery (preoperative admission
patients). For children admitted directly from the operating room, severity
of illness scores reflect both preoperative status, and intraoperative course,
whereas severity of illness scores in preoperative admission patients would
reflect preoperative status only. We elected to include analysis for both pre-
and postoperative admission patients because eliminating patients who
were not admitted directly from the operating room would exclude a
majority of STAT 5 category operations as well as more than half of the ne-
onates in our patient population.

The dependent outcomes of interest include pediatric critical care
measures of severity of illness and ICU mortality, defined as mortality
during admission to the ICU after a cardiac surgery. Measures of severity
of illness, Pediatric Index of Mortality 2 (PIM 2), Pediatric Risk of
Mortality (PRISM 3), and Pediatric Index of Cardiac Surgical Intensive
Care Mortality (PICSIM), were analyzed as continuous variables. All 3
scores are computed within the first 4 hours of admission to the ICU and
are well validated.®'” The PIM 2 score utilizes 10 variables to estimate a
probability of death.® The more negative a PIM 2 score, the lower the prob-
ability of death. PRISM 3 scores are derived from 14 variables, with a
higher score indicating a higher risk of mortality.” A higher PICSIM score
is associated with a higher probability of death and includes 13 variables,
including STAT category and a variable for pre- versus postoperative sta-
tus.'” Although all 3 severity of illness scores have a right-skewed
distribution, linear regression has been effectively used to estimate
differences and trends in large, nonnormally distributed datasets."’

Previous studies comparing the PICSIM score to PRISM 3 and PIM 2
among cardiac surgical patients demonstrated superiority of PICSIM
over these other scores. However, we hypothesized that PICSIM performs
better due to the inclusion of surgical complexity adjustment and operating
room status data. Additionally, we hypothesized that inclusion of surgical
complexity and operating room status into a predictive model that includes
PIM 2 or PRISM 3 would be comparable to PICSIM. For this reason, we
constructed logistic regression models that predicted mortality using
PRISM 3 or PIM 2, STAT category, and operating room status (for PRISM
3) in a training portion of the dataset. We then compared the predicted and
observed mortality rates for each STAT category in a testing portion of the
dataset.

A univariate analysis was conducted on all potential covariates to assess
predictors of illness severity and mortality. The x* test was used for
categorical variables. The Mann-Whitney rank sum test and the
Kruskal-Wallis test were used for nonnormally distributed continuous
and ordinal variables.

Analysis for the association between race/ethnicity, illness severity, and
mortality was performed in 2 parts, with white race serving as the reference
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TABLE 1. Preoperative admission patient characteristics (N = 9440)
Characteristic White African American Hispanic Asian American Indian Other Missing

n 4507 (48) 1123 (12) 1558 (17) 300 (3) 77 (1) 1195 (13) 680 (7)
Gender

Female 1910 (42) 511 (46) 674 (43) 126 (42) 30 (39) 537 (45) 296 (44)
Age group

<1 mo 2423 (54) 492 (44) 701 (45) 129 (43) 48 (62) 717 (60) 532 (78)

1 to <12 mo 1173 (26) 337 (30) 513 (33) 90 (30) 21 (27) 315 (26) 94 (14)

1to <10y 486 (11) 159 (14) 210 (13) 57 (19) 7 (9) 96 (8) 31 (5)

10to <18y 425 (9) 135 (12) 134 (9) 24 (8) 1(1) 67 (6) 23 (3)
Weight (kg) 99 £ 164 12.0 £+ 18.8 10.1 £ 16.3 9.6 £13.1 59+7.6 79 £ 142 5.8 £10.7
Premature (wk)

<37 190 (4) 39 (3) 61 (4) 13 (4) 5(6) 48 (4) 10 (1)
Complex chronic conditions

None 3452 (77) 847 (75) 1161 (75) 230 (77) 57 (74) 954 (80) 604 (89)

1 732 (16) 181 (16) 267 (17) 47 (16) 15 (19) 169 (14) 57 (8)

2 238 (5) 74 (7) 90 (6) 18 (6) 3 4) 46 (4) 16 (2)

3 or more 85 (2) 21 (2) 40 (3) 5(2) 2(3) 26 (2) 3 (0)
Max STAT category

lor2 1594 (35) 429 (38) 596 (38) 124 (41) 23 (30) 382 (32) 149 (22)

3or4 2333 (52) 548 (49) 808 (52) 154 (51) 41 (53) 662 (55) 411 (60)

5 580 (13) 146 (13) 154 (10) 22 (7) 13 (17) 151 (13) 120 (18)
PIM 2 score —-3.6+£1.6 —-37+1.6 —37+£19 —39+14 —40+£1.1 —36+14 -32+13
PRISM 3 score* 58+59 6.1 +6.2 62+59 58+5.7 55+54 6.7 £6.1 7.8 +£538
PICSIM score X 100* 5.6 £ 8.6 5.6+9.2 47+£17.0 45+£6.6 43+42 6.3 £9.0 109 £ 12.4

Values are presented as n (%) or mean + standard deviation. Max STAT category, Highest Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery
category for admission; PIM, Pediatric Index of Mortality; PRISM, Pediatric Risk of Mortality; PICSIM, Pediatric Index of Cardiac Surgical Intensive Care Mortality.
*PRISM 3 score: 658 missing values; PICSIM score: 1341 missing values. No additional missing data unless listed separately above.

group. First, we examined the relationship between race/ethnicity and each
severity of illness score using iterative linear regression modeling for
preoperative and postoperative admission patients separately. Baseline
characteristics were included in our model, including age, weight, gender,

Among institutions included in the analysis, 53 (75%) of
the ICUs were academic affiliated whereas 65% of
excluded units performing congenital cardiac surgery

and prematurity status. Adjustment for number of CCC groups and STAT
category were added to the baseline model. Although some patients were
admitted to the ICU preoperatively, STAT category was included in the
models to account for anatomical complexity.

We then constructed multivariate logistic regression models to evaluate
the association between race/ethnicity and mortality, separating the anal-
ysis by preoperative and postoperative admission status, and using the
same covariates from the previously constructed severity of illness models.
We then added PIM 2 and PRISM 3 scores to examine the role of severity of
illness as a mediator between race/ethnicity and mortality. Because the
PICSIM score includes the STAT category and operating room status in
its calculation, surgical complexity was not included when adjusting for
PICSIM score. All regression models adjusted for clustering of outcomes
by hospital.

RESULTS

A total of 40,545 patients underwent a STAT category
cardiac surgery between January 1, 2009, and December
31, 2016. Of the 154 units reporting to VPS, 111 reported
race/ethnicity for >85% of the respective patient
population and, of these, 72 units admitted cardiac surgical
patients. Of the 43 excluded units that did not report
race/ethnicity, 16 units admitted cardiac surgical patients.
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were affiliated with an academic center (P = .48). To
maintain de-identification of ICUs, VPS reports the cardiac
surgical volume quartiles for the entire study period and the
volume quartile for each institution. There was no
difference in cardiac surgical volume quartile distribution
between centers that did and did not report race/ethnicity
(P = .13). The mean STAT category in both included and
excluded institutions was also similar (included mean
STAT category = 2.51, excluded mean STAT
category = 2.19).

Patient characteristics by race/ethnicity and preoperative
versus postoperative admission status are described in
Tables 1 and 2. More than 75% of patients were admitted
to the ICU directly from the operating room (postoperative
admission patients). For preoperative admission patients,
48% of patients identified as white, with the next most
represented group being Hispanic (17%), other (13%),
and African American (12%). There was a similar
racial/ethnic composition of the postoperative patients.
The majority were male patients and younger than age
1 year in both groups. There was significant variation across
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TABLE 2. Postoperative admission patient characteristics (N = 31,105)

Characteristic White African American Hispanic Asian American Indian Other Missing

n 16,335 (53) 3745 (12) 4906 (16) 1294 (4) 266 (1) 2887 (9) 1672 (5)
Gender

Female 7265 (44) 1761 (47) 2277 (46) 594 (46) 120 (45) 1317 (46) 769 (46)
Age group

<1 mo 1975 (12) 353 (9) 548 (11) 91 (7) 23 (9) 417 (14) 59 (4)

1 to <12 mo 6109 (37) 1527 (41) 1852 (38) 462 (36) 123 (46) 1211 (42) 710 (42)

1to <10y 5843 (36) 1369 (37) 1956 (40) 550 (43) 91 (34) 1002 (35) 662 (40)

10to <18y 2408 (15) 496 (13) 550 (11) 191 (15) 29 (11) 257 (9) 241 (14)
Weight (kg) 16.5 (18.7) 16.2 (18.4) 15.3 (16.8) 15.9 (16.8) 15.3 (17.3) 13.0 (15.3) 16.2 (17.4)
Premature (wk)

<37 462 (3) 116 (3) 161 (3) 27 (2) 24 (9) 97 (3) 16 (1)
Complex chronic condition

None 12,667 (78) 2926 (78) 3801 (78) 1063 (82) 208 (78) 2287 (79) 1488 (89)

1 2675 (16) 587 (16) 813 (17) 166 (13) 49 (18) 432 (15) 156 (9)

2 787 (5) 177 (5) 214 (4) 47 (4) 6(2) 131 (5) 25 (2)

3 or more 206 (1) 55 (1) 76 (2) 18 (1) 3(1) 37 (1) 3 (0)
Max STAT category

lor2 10,206 (62) 2337 (62) 3109 (63) 868 (67) 166 (62) 1738 (60) 1070 (64)

3or4 5703 (35) 1336 (36) 1691 (34) 413 (32) 97 (36) 1085 (38) 590 (35)

5 426 (3) 72 (2) 106 (2) 13 (1) 3(1) 64 (2) 12 (1)
PIM 2 score —41+12 —4.0+ 1.3 —4.0+12 —41+1.1 —41+12 —39+12 —44+12
PRISM 3 score* 70+£5.0 7052 7.0 £49 6.6 £4.6 62+£52 7.1 £5.1 6.3 £45
PICSIM score X 100* 1.8 £6.0 1.9+63 1.6 £54 1.3 £43 1.7 £5.1 20£62 1.3 £2.7

Values are presented as n (%) or mean + standard deviation. Max STAT category, Highest Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery
category for admission; PIM, Pediatric Index of Mortality; PRISM, Pediatric Risk of Mortality; PICSIM, Pediatric Index of Cardiac Surgical Intensive Care Mortality.
*PRISM 3 score: 1466 missing values; PICSIM score: 3012 missing values. No additional missing data unless listed separately above.

all race/ethnicity groups for gender, age, prematurity,
number of CCCs, STAT category, and severity of illness
scores. Between the 2 groups, preoperative admission
patients were more likely to be aged younger than 1 month,
have a lower median weight, and a higher proportion of
STAT 5 category operations than postoperative patients.
Postoperative admission patients had higher PRISM 3
scores, but lower PICSIM risk of mortality scores compared
with preoperative admission patients.

There was a statistically significant difference in
unadjusted PIM 2, PRISM 3, and PICSIM scores across
race/ethnicities (Tables 1 and 2). However, there was no
consistent trend for higher severity of illness among any
particular racial/ethnic group. Predictors of severity of
illness scores are presented in Table 3. Younger age,
prematurity, increasing number of CCCs, increasing
surgical complexity, and postoperative admission status
were associated with greater severity of illness for all or
most of the 3 measures (ie, PIM 2, PRISM 3, and PICSIM).

A univariate analysis examining predictors of mortality
was also performed (Table 4). African American race,
younger age, prematurity, preoperative admission status,
increasing severity of illness scores, and increasing surgical
complexity were associated with increased mortality.

White, American Indian, and Asian patients had the lowest
mortality at 2.4%, 1.9%, and 1.8%, respectively. African
American and other race/ethnicity had the highest mortality
at 3.1% and 3.2%, respectively.

Multivariable linear regression models were analyzed
separately by pre- and post-operative admission status
(Figure 1 and Table 5). Comparison of predicted and
observed mortality rates for each STAT -category
demonstrated that after adjustment for STAT category,
PIM 2 and PRISM 3 predicted mortality as accurately as,
if not better than, PICSIM (Figure El). For this reason,
both PIM 2 and PRISM 3 were included as markers of
severity of illness. In the preoperative admission group,
African American patients had a significantly higher
PRISM 3 and PICSIM scores compared with white patients
(PRISM 3: B, 0.61; 95% confidence interval [CI],
0.14-1.09; PICSIM g, 0.77; 95% CI, 0.19-1.36). Missing
race/ethnicity also had significantly higher PIM 2 and
PICSIM scores compared with white race. Other race/
ethnicity had higher PRISM 3 scores and American Indian
patients had lower PICSIM scores, but only reached
significance in 1 of the measures for illness severity. Among
postoperative admissions, African-American patients had a
significantly higher PIM 2 and PICSIM severity of illness

The Journal of Thoracic and Cardiovascular Surgery * Volume 160, Number 6 1573



Congenital: Health Policy

Tjoeng et al

TABLE 3. Predictors of illness severity

TABLE 4. Predictors of mortality

PRISM PICSIM X
Predictor PIM 2 3* 100
Gender
Male —4.0(4.7,32) 6(3,10) 0.65(0.26,2.21)
Female —4.1(4.8,33) 6(3,9 0.62(0.25,1.93)
P value <.01 <.01 <.01
Age group
<1 mo —354.2,24) 8(4,13) 4.85(2.37,9.38)
1 to <12 mo —4.0(4.5,33) 53,9 0.72(0.35, 1.54)
1to <10y —43(54,36) 53,8 0.31(0.17,0.67)
10to <18 y —4.4(5.5,39) 5(@,8 0.22(0.12,0.43)
P value <.01 <.01 <.01
Weight (kg)t —0.20 —0.10 —0.18
P value <.01 <.01 <.01
OR status
Postoperative —4.1 (4.9, 3.4) 6(3,10) 0.47(0.22, 1.25)
admission
Preoperative —394.6,27) 5(1,9) 2.76(0.83, 7.06)
admission
P value <.01 <.01 <.01
Premature (wk)
<37 —4.0(4.8,33) 6(3,9 0.62(0.25,2.01)
>37 —3.8(44,30) 7(3,12) 1.48(0.51,4.22)
P value <.01 <.01 <.01
Complex chronic
conditions
None —4.1(4.8,33) 63,9 0.58(0.23,2.07)
1 —4.0(4.5,34) 6(3,100 0.77 (0.34, 1.92)
2 —4.0(4.5,33) 7(@3,11) 0.89(0.37,2.55)
3 or more —4.0(4.5,33) 7(@3,11) 1.07 (0.46, 3.22)
P value <.01 <.01 <.01
Max STAT category
lor2 —43(53,37) 53,8 0.31(0.17,0.64)
3ord —3.8(4.3,3.00 7@4,11) 1.76(0.75,4.32)
5 —2.4(3.4,1.6) 10(5, 15 7.69 (4.16, 13.16)
P value <.01 <.01 <.01

Values are presented as 50th (25th, 75th) percentiles. PIM, Pediatric Index of
Mortality; PRISM, Pediatric Risk of Mortality, PICSIM, Pediatric Index of Cardiac
Surgical Intensive Care Mortality; OR status, direct admission from operating
room; Max STAT category, highest Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery category for admission. *PRISM 3 score:
2124 missing values. {PICSIM score: 4353 missing values. No additional missing
data unless listed separately above. {Illness severity versus weight in kilograms
reported as Pearson correlation coefficient.

score compared with white patients (PIM 2: 8, 0.12; 95%
CL 0.00-0.24; PICSIM g, 0.26; 95% CI, 0.00-0.51). His-
panic patients and other category patients had significantly
higher PIM 2 scores compared with white patients, but did
not reach significance in other severity of illness models.
In the mediation analysis, before adjustment for severity
of illness, race/ethnicity was not significantly associated
with mortality in the preoperative admission patients. The
addition of severity of illness scores did not change this
finding. In the postoperative admission patients, before
adjustment for severity of illness, African-American
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Predictor Survived Died P value
Race/ethnicity <.01
White 20,344 (98) 498 (2)
African American 4718 (97) 150 (3)
Hispanic 6299 (97) 165 (3)
Asian 1564 (98) 30 (2)
American Indian 337 (98) 6(2)
Other 3951 (97) 131 (3)
Missing 2288 (97) 64 (3)
Gender 32
Male 21,793 (97) 560 (3)
Female 17,703 (97) 484 (3)
Age group <01
<1 mo 7900 (93) 608 (7)
1 to <12 mo 14,235 (98) 302 (2)
1to <10y 12,433 (99) 86 (1)
10to <18y 4933 (99) 48 (1)
Weight (kg) 7.2 (4.1-16.0) 3.4 (2.8-5.2) <.01
OR status <.01
Postoperative 30,608 (98) 497 (2)
admission
Preoperative 8893 (94) 547 (6)
admission
Premature (wk) <.01
<37 1057 (94) 66 (6)
>37 35,042 (98) 891 (2)
Complex chronic <.01
conditions
None 31,025 (98) 720 (2)
1 6133 (97) 213 (3)
2 1786 (95) 86 (5)
3 or more 555 (96) 25 4)
Max STAT category <.01
lor2 22,618 (99) 173 (1)
3or4 15,243 (96) 629 (4)
5 1640 (87) 242 (13)
PIM 2 score —4.1 (—4.8 —2.7 (=3.7 <.01
to —3.3) to —1.8)
PRISM 3 score* 6 (3-9) 12 (6-19) <.01

PICSIM score X 100*  0.61 (0.24-1.92) 7.82 (3.16-22.48) <.01

Values are presented as n (%) or median (interquartile range). OR status, Direct
admission from operating room; Max STAT category, highest Society of Thoracic
Surgeons-European Association for Cardio-Thoracic Surgery category for admission;
PIM, Pediatric Index of Mortality; PRISM, Pediatric Risk of Mortality; PICSIM,
Pediatric Index of Cardiac Surgical Intensive Care Mortality. *PRISM 3 score:
2124 missing values; PICSIM score: 4353 missing values. No additional missing
data unless listed separately above.

patients had a 40% higher odds of mortality compared
with white patients (odds ratio [OR], 1.40; 95% CI, 1.04-
1.89). However, after adjusting for each of the 3 severity
of illness scores, race/ethnicity was no longer associated
with increased odds of mortality (PIM 2: OR, 1.30; 95%
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Adjusted Severity of lliness by Race/Ethnicity and Operative Status on Admission to ICU
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FIGURE 1. Adjusted severity of illness by race/ethnicity and operative status on admission to intensive care unit. This figure demonstrates severity of
illness scores by race/ethnicity for 3 different measures of severity of illness: Pediatric Index of Mortality 2 (PIM 2), Pediatric Risk of Mortality 3 (PRISM 3),
and Pediatric Index of Cardiac Surgical Intensive Care Mortality (PICSIM) for both preoperative and postoperative admission groups after adjustment for
age, gender, prematurity, weight, and number of complex chronic conditions (CCC) groups. Models for PIM 2 and PRISM 3 were additionally adjusted for
Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery (STAT) category. STAT category is incorporated into the PICSIM score, so
was not included in those models to avoid redundancy. Each severity of illness score for race/ethnicity represents the mean (dot or triangle) and 95% con-
fidence intervals (minimum and maximum values for vertical line). Statistically significant (P <.05) differences in severity of illness compared with white
patients are represented with a triangle and orange coloring. In the pre- and postoperative admission populations, African-American children had a signif-
icantly higher severity of illness scores compared with white children for 2 out of the 3 measures, reflecting higher severity of illness score at admission.
Preoperative patients, Patients admitted to the intensive care unit before surgical intervention; postoperative patients, patients admitted directly from the

operating room to the intensive care unit. /CU, Intensive care unit.

CI, 0.97-1.76; PRISM 3: OR, 1.28; 95% CI, 0.89-1.84;
PICSIM: OR, 1.31; 95% CI, 0.83-2.07) (Figure 2).

We examined several measures of in-hospital care in the
preoperative admission group. There was no significant
difference between African-American and white patients
in time to first operation, preoperative mechanical
ventilation, or use of central venous or arterial catheters.
However, overall ICU length of stay was longer among
African-American patients (13.6 vs 11.7 days; P < .01)
when compared with their white counterparts.

DISCUSSION

Racial differences in congenital heart disease outcomes
have long been noted in medical literature, but the reasons
for this inequity have not been fully elucidated.'”'” In
this cohort of children undergoing congenital heart surgery,
African-American children generally had greater severity

The Journal of Thoracic and Cardiovascular Surgery * Volume 160, Number 6

of illness scores on presentation to the ICU. Among the
preoperative admission patients, race/ethnicity was not
associated with increased odds of mortality. Among the
postoperative admission patients, African-American chil-
dren had a 40% higher odds of mortality than their white
counterparts. However, after adjustment for severity of
illness in the logistic regression models, the survival disad-
vantage among African American patients was eliminated,
suggesting that postoperative severity of illness is a medi-
ator between race/ethnicity and mortality (Figure 3). These
findings suggest that interventions that target the underlying
causes of elevated severity of illness may help improve
racial/ethnic disparities in congenital heart surgery.
Because severity of illness scores for postoperative
admissions were calculated immediately after admission
from the operating room, the scores reflect preoperative
course as well as intraoperative factors. Although we are
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TABLE 5. Multivariate linear regression models for severity of illness on admission to the intensive care unit*

African American

Hispanic Asian

American Indian Other Missing

Admission White B8 (95% CI) B8 (95% CI) B8 (95% CI) B8 (95% CI) B8 (95% CI) B8 (95% CI)
Preoperativet
PIM 2 Ref 0.02 (—0.13 t0 0.18) —0.02 (—0.24 t0 0.19) —0.15 (—0.34 t0 0.03) —0.41 (—0.70 to —0.12) 0.00 (—0.13 t0 0.13)  0.24 (0.09 to 0.40)
PRISM 3 Ref 0.61 (0.14 to 1.09) 0.65 (—0.10 to 1.39) 0.31 (—0.42t0 1.04) —0.54 (—1.85t0 0.78) 0.76 (0.29 to 1.24) 1.31 (—1.84 to 4.46)
PICSIM  Ref 0.77 (0.19 to 1.36) —0.23 (—0.67t0 0.22) —0.37 (—1.07 t0 0.33) —1.81 (—2.79 to —0.84) 0.39 (—0.11 to 0.89) 3.87 (1.91 to 5.82)
Postoperative
PIM 2 Ref 0.12 (0.00 to 0.24) 0.14 (0.01 to 0.27) 0.06 (—0.03 t0 0.15)  0.03 (—0.36 to 0.41) 0.13 (0.00 to 0.26) —0.26 (—0.81 to 0.29)
PRISM 3 Ref 0.16 (—0.16 to 0.47) 0.15(-0.21t0 0.51) —0.02 (=0.39t0 0.36) —0.59 (—1.49 to 0.30) 0.03 (—=0.34t0 0.41) —0.13 (—1.43to 1.17)
PICSIM  Ref 0.26 (0.00 to 0.51) —0.14 (-0.40t0 0.11) —0.18 (—0.44t0 0.08)  0.07 (—0.53 to 0.66) —0.02 (—-0.31t0 0.27)  0.07 (—0.09 to 0.24)

CI, Confidence interval; PIM, Pediatric Index of Mortality; Ref, reference category; PRISM, Pediatric Risk of Mortality; PICSIM, Pediatric Index of Cardiac Surgical Intensive
Care Mortality. *Final model adjusted for age, gender, prematurity, weight, and CCC group. PRISM 3 and PIM 2 model additionally adjusted for max STAT category. {PRISM 3
score: 658 missing values; PICSIM score: 1341 missing values. {PRISM 3 score: 1466 missing values; PICSIM score: 3012 missing values. No additional missing data unless

listed separately above.

unable to separate preoperative from intraoperative factors,
severity of illness appears to be a mediator between race/
ethnicity and mortality in this patient group. Assuming
these measures of severity of illness accurately represent
severity of illness on admission, our findings suggest that
barriers to access to subspecialty services, timely surgical
interventions, or intraoperative factors may be contributing
to the mortality difference between African-American and
white patients. Efforts and interventions to decrease
differences in preoperative clinical status or intraoperative
practices may improve disparities in surgical outcomes.
Our study adds insight into the many potential drivers of
health outcome disparities after cardiac surgery. Adult
cardiac studies demonstrate that social and economic
disparities among minority populations create barriers to
accessing the health care system, making late presentation
more common for minority populations.'*'® In pediatrics,
1 study found that children from lower-income
neighborhoods undergoing cardiac surgery had a higher
odds of mortality.'” Although the association between
preoperative care and severity of illness has not been
documented in congenital heart disease, we hypothesized
that delays in detection of congenital heart disease and
unreliable access to subspecialty services would result in
greater severity of illness and, subsequently, poorer clinical
outcomes for nonwhite children, which may be true in our
postoperative admission population. However, in our
severity of illness models restricted to preoperative
admission patients, African-American patients and patients
with missing race/ethnicity had significantly higher severity
of illness scores for 2 out of 3 measures before surgical
intervention. Despite this finding, there was no significant
difference in mortality for this group, suggesting that
in-hospital care was able to overcome this disparity.
Previous studies have similarly demonstrated no difference
in overall pediatric ICU mortality across race/ethnicity,
although these studies did not find significant differences
in severity of illness across race/ethnicity nor did they
separately examine cardiac surgical patients.'*'”

1576

The mechanisms by which patients admitted to the ICU
before surgery do not demonstrate a survival disparity, but
those who arrive immediately postoperatively have a higher
adjusted mortality, mediated by illness severity, is unclear. Pa-
tients admitted preoperatively to the ICU were mostly
neonates undergoing higher complexity surgical procedures
than the postoperative group. Because children in the
preoperative admission group are admitted before
undergoing surgery, they likely have a higher severity of
illness before surgery than the postoperative admission group,
who may be at home or admitted to lower acuity areas of the
hospital before surgery. One possible explanation is that pre-
operative patients in the ICU may have access to diagnostics
and therapies that may allow these patients to recover from
any organ dysfunction before surgery, thus, mitigating differ-
ences in severity of illness. In contrast, patients who are post-
operatively admitted may not have equal access to
subspecialty services in the outpatient setting, resulting in a
greater degree of organ dysfunction before surgery.

In studies of adult cardiac disease, survival disparities have
been attributed to referral of minority races to lower surgical
volume centers.'’ Previous adult studies have demonstrated
racial/ethnic differences in receipt of myocardial infarction
care.’”* In a pediatric cardiac surgical population,
African-American patients were less likely to receive extra-
corporeal life support after cardiac surgery,””"”’ and
although African-American patients did not experience
higher rates of complications, they were at higher odds of
mortality after experiencing a complication.” The etiology
for these differences in in-hospital care are not clear. Our re-
sults did not demonstrate a significant difference in mortality
after adjustment for severity of illness. Instead, our study sug-
gests that efforts to understand and ameliorate congenital car-
diac surgery disparities should likely focus on preoperative
status or intraoperative factors.

We did not find variations in hospital care that would miti-
gate differences in severity of illness in the preoperative
admission group. One possible factor for overcoming preop-
erative severity of illness is surgical technical performance,
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Logistic Regression Models for Mortality Among Pre- & Post-Operative Patients
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Odds Ratio & 95% Confidence Interval for Mortality
(Referent: Non-Hispanic White Race)

Final model adjusted for age, gender, prematurity, weight, and CCC
PIM 2 and PRISM 3 models additionally adjusted for max STAT category

Significance —e— not significant —a— P <.05

FIGURE 2. Logistic regression models for mortality among pre- and postoperative patients. After adjustment for covariates, African American race was
associated with a40% higher adjusted odds of mortality compared with white patients admitted to the intensive care unit (ICU) immediately postoperatively.

Each measure of severity of illness was then added into the model. With adjustment for each measure of illness severity, African American race was no

longer associated with mortality, demonstrating that illness severity is a mediator between race/ethnicity and mortality in this patient population. Patients

admitted preoperatively did not show any significant difference in mortality across race/ethnicity. Preoperative patients, Patients admitted to the

intensive care unit before surgical intervention; Postoperative patients, patients admitted directly from the operating room to the intensive care unit.
PIM, Pediatric Index of Mortality; PRISM, Pediatric Risk of Mortality; PICSIM, Pediatric Index of Cardiac Surgical Intensive Care Mortality;
CCC, complex chronic condition; STAT, Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery.

which reflects the adequacy of the surgical repair or pallia-
tion.””*’ Previous studies demonstrate that an optimal
technical repair can attenuate preoperative physiologic
derangements.’” It is possible that technical surgical perfor-
mance mitigates the effects of illness severity in the higher
complexity preoperative group. Nonetheless, longer length
of stay among African Americans suggests that severity of
illness may still have an influence on clinical course.

Our research has several limitations. Recent articles
suggest that PRISM 3 scores are inadequate for accurately
predicting mortality in pediatric cardiac populations.”’
However, these prior studies evaluated the performance of
the PRISM 3 score without adjusting for surgical
complexity. Additionally, we found that models using
PIM2 and PRISM3 and STAT category predicted mortality
as well as, if not better than, PICSIM. For this reason, we
have included all three severity of illness scores in our

The Journal of Thoracic and Cardiovascular Surgery * Volume 160, Number 6

analysis. Given the observational and retrospective nature
of our study, it is subject to limitations involving the
collection of data and misclassification. We requested
data only from sites reporting at least 85% of race/ethnicity,
but 2352 patients (5.8%) of our study population had
missing race/ethnicity fields. Although this is a small
percentage, we did not want to fully exclude this
population; it is important to note that missing race/
ethnicity had similar outcomes to African-American
patients. Unfortunately, due to the missing data, we cannot
make any inferences or conclusions about this group.
However, a recent study has explored advanced indirect
estimation methods in hopes of addressing this known
limitation of incomplete race/ethnicity fields.”> Other
covariates, such as insurance, also had incomplete data,
whereas household income, primary language, and parental
education were not captured in the dataset, resulting in an
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Post-operatively admitted African American patients undergoing congenital heart surgery have a
40% higher adjusted odds of mortality compared with white patients.

Mediation analysis demonstrates that severity of iliness is a mediator between race/ethnicity and mortality.
Focusing on pre- and intra-operative factors in this patient population could reduce this disparity.
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Models adjusted for age, weight, sex, prematurity, and complex chronic conditions. PIM 2 and PRISM 3 models additionally adjusted for surgical complexity.
PIM = Pediatric Index of Mortality, PRISM = Pediatric Risk of Mortality, PICSIM = Pediatric Index of Cardiac Surgical Intensive Care Mortality

Post-operatively admitted
African American race

Clinically significant difference in
severity of illness compared with
white race

40% higher adjusted odds of
mortality no longer significant after
accounting for illness severity.

FIGURE 3. African-American patients have 40% higher odds of death, mediated by illness severity.

incomplete assessment for the influence of socioeconomic
status on severity of illness or mortality. Additionally,
adjusting for PIM 2, PRISM 3, or PICSIM scores may not
completely account for the full effect of severity of illness.
Some aspects of severity of illness may not be adequately
captured in these validated scores. However, it does appear
that at least some of the differences in mortality are
mediated by severity of illness. We did not include centers
reporting race/ethnicity for <85% of their patient
population, making generalizations at the national level
difficult. However, the included ICUs, although having a
similar surgical caseload complexity and volume distribu-
tion, comprised the majority of ICUs admitting cardiac sur-
gical patients in the VPS dataset. Our estimates of adjusted
mortality from this subpopulation of patients are consistent
with previous reports in congenital surgical disparities,' "
suggesting a similar patient population to other studies.

CONCLUSIONS
African-American children admitted to an ICU immediately
postoperatively after congenital heart surgery have a higher
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severity of illness on presentation compared with white pa-
tients. Furthermore, after adjustment for multiple covariates,
African-American patients have 40% higher odds of mortality
than their white counterparts. This survival disparity is elimi-
nated after accounting for severity of illness, suggesting that
increased severity of illness may be an important driver of
health disparities for children undergoing congenital heart sur-
gery. Research focusing on disparities during the preoperative
and intraoperative period may help further elucidate the etiol-
ogies behind surgical survival disparities (Video 1).
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VIDEO 1. African-American children admitted to the intensive care unit
(ICU) immediately postoperatively after congenital heart surgery have a
higher severity of illness on presentation compared with white patients.
After adjustment for multiple covariates, African-American patients have a
40% higher odds of mortality than their white counterparts. This survival
disparity is eliminated after accounting for severity of illness, suggesting
that increased severity of illness may be an important driver of health
disparities for children undergoing congenital heart surgery. Preoperative
patients were patients admitted to the ICU before surgical intervention, Post-
operative patients were those patients admitted directly from the operating
room to the ICU. CCC, Complex chronic condition; PIM, Pediatric Index
of Mortality; PRISM, Pediatric Risk of Mortality; PICSIM, Pediatric Index
of Cardiac Surgical Intensive Care Mortality, STAT, Society of Thoracic
Surgeons-European Association for Cardio-Thoracic Surgery. Video
available at: https://www.jtcvs.org/article/S0022-5223(20)31549-X/fulltext.
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Comparison of Observed to Expected Mortality by Severity of lliness Scores

15 4
9
£ A
s A
o
©
E10-
%
I ®
<]
o
8 5-
©
E
@
w
0_
1 2 3 4 5

STAT Category
Black line represents Oberved Mortality
Vertical color lines represent 95% confidence interval

Model @ PICSIM -A- PIM2 + STAT 4 PRISM3 + STAT

FIGURE E1. Comparison of observed to expected mortality by severity of illness score. STAT, Society of Thoracic Surgeons-European Association for
Cardio-Thoracic Surgery; PICSIM, Pediatric Index of Cardiac Surgical Intensive Care Mortality; PIM, Pediatric Index of Mortality; PRISM, Pediatric
Risk of Mortality.
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