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Abstract

Objectives: To assess the overall burden and outcomes of acute respiratory infections in
paediatric inpatients with congenital heart disease (CHD). Methods: This is a retrospective
cross-sectional study of non-neonates <1 year with CHD in the Kid’s Inpatient Database from
2012. We compared demographics, clinical characteristics, cost, length of stay, and mortality
rate for those with and without respiratory infections. We also compared those with respiratory
infections who had critical CHD versus non-critical CHD. Multi-variable regression analyses
were done to look for associations between respiratory infections and mortality, length of stay,
and cost. Results: Of the 28,696 infants with CHD in our sample, 26% had respiratory infections.
Respiratory infection-associated hospitalisations accounted for $440 million in costs (32%) for
all CHD patients. After adjusting for confounders including severity, mortality was higher for
those with respiratory infections (OR 1.5, p = 0.003), estimated mean length of stay was longer
(14.7 versus 12.2 days, p < 0.001), and estimated mean costs were higher ($53,760 versus
$46,526, p < 0.001). Compared to infants with respiratory infections and non-critical CHD,
infants with respiratory infections and critical CHD had higher mortality (4.5 versus 2.3%,
p < 0.001), longer mean length of stay (20.1 versus 15.5 days, p < 0.001), and higher mean costs
(894,284 versus $52,585, p < 0.001). Conclusion: Acute respiratory infections are a significant
burden on infant inpatients with CHD and are associated with higher mortality, costs, and
longer length of stay; particularly in those with critical CHD. Future interventions should focus
on reducing the burden of respiratory infections in this population.

Acute respiratory infections such as pneumonia and bronchiolitis are common for both healthy
infants and those with congenital heart disease (CHD). Previous studies showed children with
CHD and viral bronchiolitis stay hospitalised 3 times longer,! have up to 37 times the mortality
rate,"? and have hospitalisations that cost 3 times more' when compared to children with bron-
chiolitis without CHD. While most research on respiratory infections hospitalisations in infants
with CHD focuses on viral bronchiolitis, studies that examine non-bronchiolitis respiratory
infections in children with CHD suggest high incidence rates and poor outcomes. A multi-
centre study in Italy showed that non-bronchiolitis respiratory infections accounted for two-
thirds of respiratory infections-related hospitalisations in children under 2 years of age with
CHD.? A population study in Sweden showed higher relative risks for hospitalisation for chil-
dren with CHD who have non-Respiratory Syncytial Virus (RSV) infections including non-RSV
pneumonia (8.87-10.26), compared to those with RSV infection (5.99-7.23).* Despite the high
prevalence of non-bronchiolitis respiratory infections in children with CHD, to our knowledge
no studies in the United States have published on this broader population. Due to global
differences in demographics, models of care, and practice standards, the findings in
European studies are unlikely to be generalisable to a United States cohort.

The objectives of this study are (1) to quantify the burden of all acute respiratory infections in
paediatric inpatients with CHD in the United States, and (2) to compare length of stay, cost, and
mortality for those with acute respiratory infections versus those without.

We conducted a multi-centre, retrospective cross-sectional study using data from Kids’
Inpatient Database from 2012, a national administrative dataset of inpatients from age 0 to
20 discharged in 2012 from all non-rehabilitation hospitals in 44 participating states in the
United States.” Our sample included patients under the age of 1year with International
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Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes consistent with CHD (745-747.49). We
excluded neonates <28 days old to exclude birth hospitalisations.

Acute respiratory infection was defined as having a qualifying
Clinical Classifications Software category as defined by the Kids’
Inpatient Database for Respiratory Infections,” which includes
ICD-9-CM codes for pneumonia, influenza, bronchitis/bronchio-
litis, and other upper respiratory infections (e.g., tonsillitis, croup),
in any of the patient’s 25 discharge diagnoses.

Using ICD-9-CM codes, we stratified our sample into those with
critical CHD, defined as conditions that require surgical or cardiac
catheterisation intervention within the first year of life® (e.g., hypo-
plastic left heart syndrome) and those without critical CHD (e.g.,
ventricular septal defects; supplementary Table 1).

Demographics include sex, race (categorised as non-Hispanic
White, non-Hispanic Black, Hispanic, and other), and payer (cat-
egorised as Medicaid/Medicare, private insurance/Health mainte-
nance organisation, and other). Clinical characteristics include
complex chronic conditions using Feudtner et al’s classification
system,® severity of illness defined by Hospitalisation Resource
Intensity Score for Kids (calculated using cost and All Patient
Refined Diagnosis Related Group Severity of Illness score),’
whether the admission was for cardiac surgery (defined as cardiac
surgery occurring on day 0 or 1 of hospitalisation, identified by
using Clinical Classification Software procedure category for
“Operations on the Cardiovascular System” as well as a database
defined variable for number of days from admission to procedure.

Primary outcomes of interest studied include in-hospital mortality
rate, length of stay (in days), and estimated cost (in dollars). Cost
was estimated from charge data provided for each discharge, using
hospital specific cost-to-charge ratios provided by the database.!

All analyses reflected the Kids’ Inpatient Database complex sam-
pling design; the stratification, hospital-level clustering, and sam-
pling weight variables from the database, as well as definition of the
specified study group (infants with CHD) as a study subpopula-
tion, were used to obtain national estimates as well as standard
errors and 95% confidence intervals. We conducted one set of
bivariate analyses to assess the relationships between respiratory
infections and all other variables for all infants with CHD, and
another set to assess the relationships between non-critical and
critical CHD for all infants with respiratory infections (specifying
the survey subpopulation as infants with CHD and respiratory
infections). Descriptive statistics generated national estimates of
numbers and proportions (with 95% confidence interval) of
patients by patient demographics and patient clinical characteris-
tics. Differences in proportions on each characteristic between
respiratory infections and no respiratory infections, followed by
non-critical and critical CHD were statistically tested with a
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Pearson’s chi-square test statistic that was corrected for the survey
design effects and reported as an F-statistic.

A multi-variable logistic regression model was used to estimate
the association between presence of respiratory infections and
mortality, and generalised linear models were used to estimate
the association between presence of respiratory infections and
the dependent outcome variables of length of stay and cost.
Length of stay used a negative binomial regression (negative bino-
mial random variable, log link function); cost used a gamma
regression (gamma random variable, log link function). The strati-
fication, clustering, and sampling weight variables were incorpo-
rated into the analysis to provide appropriate estimates of
standard errors. Associations for the generalised linear models
are presented as exponentiated regression estimates, with 95% con-
fidence intervals; exponentiated regression coefficients for these
models represent the fold-difference (i.e., ratio) in the covariate-
adjusted mean length of stay (or cost) in discharges from respira-
tory infections compared to non-respiratory infections discharges.
Covariates used in the adjusted mortality, length of stay, and cost
models included sex, race, payer, critical CHD, admitted for
cardiac surgery, Hospitalization Resource Intensity score (in quar-
tiles), presence of complex chronic condition, and type of complex
chronic condition.

All analyses used two-tailed tests with a significance level of
0.05. Statistical analysis was carried out using Stata (Version 15,
StataCorp, College Station TX) software for survey data analysis.

There were 28,696 discharges (including deaths) that met inclusion
criteria (Fig 1). Of these, 73% had non-critical CHD and 26% had

Age <] year and

CHD
n =103,788

Neonate < 28 days

n= 83,701
Final n = 20,087
Weighted n' =
28,696
1 1
No ARI ARI
n=21,240 n="7456

Critical CHD
n= 1337

|| Non-critical CHD
n=6117

Figure 1. Flow-chart depicting sample selection, inclusion and exclusion criteria, and
subgroups for children with congenital heart disease (CHD) admitted with and without
acute respiratory infection (ARI). IThe sample was weighted using a weighting variable
provided in the KID 2012 database, to obtain national estimates from the raw data.
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Table 1. Patient characteristics and outcomes for infant inpatients with congenital heart disease (CHD) with acute respiratory infection versus without acute

respiratory infection.

No acute respiratory infection

Acute respiratory infection

n=21,240 n= 7456
Percent (95% confidence Percent (95% confidence
Number interval) Number interval) p-value
Patient demographics
Gender
Male 11,310 53.3% (52.3-54.2) 4125 55.3% (54.0-56.7) 0.007
Female 9930 46.8% (45.8-47.7) 3331 44.7% (43.4-46.0)
Race/ethnicity
White 9389 49.8% (45.9-53.7) 2848 42.2% (38.6-45.9) <0.001
Black 2962 15.7% (13.9-17.7) 1304 19.3% (17.1-21.8)
Hispanic 4132 21.9% (18.7-25.5) 1872 27.7% (24.0-31.9)
Other 2379 12.6% (10.7-14.8) 728 10.8% (9.2-12.7)
Payer
Public insurance 11,903 56.2% (53.2-59.2) 4932 66.3% (63.9-68.6) <0.001
Private insurance/health maintenance organisa- 1538 36.5% (34.0-39.1) 2030 27.3% (25.6-29.1)
tion
Other 1538 7.3% (5.5-9.6) 475 6.4% (4.8-8.4)
Clinical characteristics
Has critical congenital heart disease 6449 30.4% (28.5-32.3) 1337 17.9% (16.4-19.6) <0.001
Type of acute respiratory illness
Pneumonia/influenza - - 2732 36.7% (34.6-38.8)
Bronchitis/bronchiolitis - - 3640 48.8% (46.7-50.9)
Other upper respiratory infection - - 2331 31.3% (29.3-33.3)
Admitted for cardiac surgery 5237 24.7% (22.5-26.9) 489 6.6% (5.6-7.6) <0.001
APR-DRG severity of illness score
Minor to moderate severity 7271 34.3% (32.7-35.9) 2540 34.1% (32.0-36.2) 0.85
Major to extreme severity 13,946 65.7% (64.1-67.3) 4911 65.9% (63.8-68.0)
Mean H-RISK score (95% confidence interval) 6.8 (6.5-7.2) 6.2 (5.7-6.7) 0.002
Has a complex chronic condition 18,508 87.1% (86.0-88.2) 5850 78.5% (76.6-80.2) <0.001
Type of complex chronic condition
Cardiovascular 14,338 67.5% (65.5-69.4) 4319 57.9% (56.1-59.7) <0.001
Respiratory 2200 10.4% (9.6-11.1) 1252 16.8% (15.5-18.2) <0.001
Gastrointestinal 4517 21.3% (20.1-22.5) 1465 19.7% (18.1-21.3) 0.05
Other congenital or genetic 5040 23.7% (22.7-24.7) 1961 26.3% (24.7-28.0) 0.002
Metabolic 879 4.1% (3.7-4.6) 292 3.9% (3.4-4.6) 0.49
Haematologic/immunologic/malignancy 943 4.4% (4.0-4.9) 404 5.4% (4.7-6.2) 0.008
Technology dependence 5208 24.5% (23.3-25.8) 1902 25.5% (23.7-27.4) 0.26
Neonatal 2215 10.4% (9.5-11.4) 863 11.6% (10.5-12.8) 0.09
Renal/urologic/transplant 1282 6.0% (5.5-6.6) 336 4.5% (3.9-5.2) <0.001
Mean number of complex chronic condition (95% 1.56 (1.53-1.60) 1.53 (1.47-1.59) 0.27
confidence interval)
Outcomes
Mortality 410 1.9% (1.7-2.2) 200 2.7% (2.2-3.2) 0.002
Mean length of stay in days (95% confidence inter- 12.0 (11.4-12.7) 16.3 (14.9-17.8) <0.001
val)
Mean cost in dollars (95% confidence interval) 45,906 (41,720-50,092) 60,070 (52,096-68,044) <0.001
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Table 2. Patient characteristics and outcomes for infant in patients with acute respiratory infection, with non-critical congenital heart disease (CHD) versus

critical CHD.
Non-critical CHD and acute Critical CHD and acute
respiratory infection respiratory infection
n=6117 n=1337
Percent Percent
(95% confidence (95% confidence
Number interval) Number interval) p-value
Patient demographics
Gender
Male 3348 54.7% (53.2-56.2) 776 58.0% (54.0-61.9) 0.15
Female 2769 45.3% (43.8-46.8) 561 42.0% (38.1-46.0)
Race/ethnicity
White 2314 41.9% (38.4-45.4) 534 43.7% (37.9-49.6) 0.05
Black 1107 20.0% (17.8-22.5) 197 16.1% (12.7-20.1)
Hispanic 1498 27.1% (23.5-31.0) 375 30.6% (24.9-37.0)
Other 610 11.0% (9.4-13.0) 118 9.7% (7.3-12.7)
Payer
Medicaid/medicare 4063 66.6% (64.3-68.7) 870 65.2% (60.5-69.7) 0.59
Private insurance/health maintenance organisation 1663 27.2% (25.4-29.1) 367 27.6% (24.2-31.2)
Other 379 6.2% (4.7-8.1) 9% 7.2% (4.8-10.6)
Clinical characteristics
Type of acute respiratory illness
Pneumonia/influenza 2290 37.4% (35.3-39.6) 442 33.0% (29.5-36.8) 0.01
Bronchitis/bronchiolitis 3141 51.3% (49.2-53.4) 499 37.4% (33.9-41.0) <0.001
Other upper respiratory infection 1805 29.5% (27.6-31.5) 526 39.3% (35.4-43.4) <0.001
Admitted for cardiac surgery 260 4.3% (3.5-5.2) 229 17.1% (14.3-20.3) <0.001
APR-DRG severity of illness score
Minor to moderate severity 2330 38.1% (35.9-40.4) 210 15.7% (13.6-18.2) <0.001
Major to extreme severity 3784 61.9% (59.6-64.1) 1127 84.3% (81.8-86.5)
Mean H-RISK score (95% confidence interval) 5.5 (5.0-5.9) 9.5 (8.4-10.6) <0.001
Has a complex chronic condition 4513 73.8% (71.7-75.7) 1337 100% <0.001
Type of complex chronic condition
Cardiovascular 2981 48.7% (47.0-50.5) 1337 100% <0.001
Respiratory 1040 17.0% (15.6-18.5) 212 15.9% (13.5-18.5) 0.41
Gastrointestinal 1090 17.8% (16.3-19.5) 375 28.1% (24.8-31.6) <0.001
Other congenital or genetic 1692 27.7% (25.9-29.5) 268 20.1% (17.1-23.3) <0.001
Metabolic 247 4.1% (3.4-4.8) a4 3.3% (2.3-4.8) 0.32
Haematologic/immunologic/malignancy 273 4.5% (3.8-5.2) 131 9.8% (7.6-12.5) <0.001
Technology dependence 1464 23.9% (22.1-25.8) 439 32.8% (29.4-36.4) <0.001
Neonatal 813 13.3% (12.0-14.7) 50 3.8% (2.5-5.5) <0.001
Renal/urologic/transplant 271 4.4% (3.8-5.2) 65 4.8% (3.6-6.5) 0.59
Mean number of complex chronic condition (95% confi- 1.5 (1.4-1.5) 1.9 (1.8-2.0) <0.001
dence interval)
Outcomes
Mortality 141 2.3% (1.9-2.8) 60 4.5% (3.3-6.0) <0.001
Mean length of stay in days (95% confidence interval) 15.5 (14.0-17.0) 20.1 (17.7-22.4) <0.001
Mean cost in dollars (95% confidence interval) 52,585 (45,277-59,893) 94,284 (77,204-111,364) <0.001
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Table 3. Logistic regression model for acute respiratory infection and other demographic and clinical covariates versus mortality.

0dd ratios of mortality

Variable (95% confidence interval) p-value
Unadjusted model
Had an acute respiratory infection 1.40 (1.14-1.74) 0.002
Adjusted model
Had an acute respiratory infection 1.50 (1.15-1.95) 0.003
Race
White Ref
Black 1.47 (1.10-1.96) 0.009
Hispanic 1.43 (1.09-1.87) 0.009
Other 1.55 (1.10-2.19) 0.012
Payer
Public insurance Ref
Private insurance/health maintenance organisation 1.29 (1.02-1.63) 0.034
Other 1.30 (0.89-1.89) 0.176
Has critical congenital heart disease 1.36 (1.05-1.78) 0.02
Admitted for cardiac surgery 0.46 (0.33-0.63) <0.001
Type of complex chronic condition
Respiratory 1.52 (1.14-2.01) 0.004
Neonatal 2.07 (1.57-2.74) <0.001
Renal/urologic/transplant 2.31 (1.78-2.99) <0.001
H-risk score
First quartile (<1.4) Ref
Second quartile (1.4-3.19) 3.47 (1.24-9.72) 0.02
Third quartile (3.2-8.49) 13.49 (5.13-35.47) <0.001
Fourth quartile (>8.5) 44.30 (17.14-114.49) <0.001

Variables included in model without statistically significant odds ratios: sex, has a complex chronic condition, congenital or genetic complex chronic condition, haematologic/immunologic/

malignancy complex chronic condition

an acute respiratory infection. The most common non-critical con-
genital heart lesions were ostium secundum atrial septal defect,
ventricular septal defect, and patent ductus arteriosus. The most
common critical congenital heart lesion was Tetralogy of Fallot,
hypoplastic left heart syndrome, and coarctation of the aorta.
Acute respiratory infections accounted for 32% of the hospital days
(121, 686 days) and costs ($438 million) for all hospitalisations in
children with CHD. The overall mortality rate was 2%.

Table 1 compares patient characteristics and outcomes for those
without respiratory infections versus with respiratory infections.
Patient demographics varied between the two groups: for those with
a respiratory infection, a higher proportion of discharges were male,
non-white, and had public insurance. Clinical characteristics also var-
ied; a higher proportion of discharges with a respiratory infection had
non-critical CHD, was not admitted for cardiac surgery, had a lower
mean Hospitalisation Resource Intensity score, and had a respiratory
complex chronic condition. Mortality rate was higher in discharges
with a respiratory infection, as was mean length of stay and cost.

Table 2 shows the differences in characteristics and outcomes
for infants with respiratory infections between those with non-
critical CHD versus critical CHD. There were no significant
differences in patient demographics between groups. The distri-
bution of types of respiratory infections differed between groups,
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with a higher proportion of those with non-critical CHD with
pneumonia and bronchiolitis. The vast majority of children in
the ‘Other upper respiratory infection’ group had non-tonsillitis
illnesses (with only 55 with tonsillitis). A higher proportion of
those with critical CHD had other upper respiratory infections,
was admitted for cardiac surgery, and had a gastrointestinal com-
plex chronic condition, technology dependence, or haematologic/
immunologic/malignancy complex chronic condition, and had
higher mean Hospitalisation Resource Intensity scores.
Proportions with respiratory complex chronic condition were
similar in both groups. Outcomes were worse in discharges with
critical CHD, with more than double the mortality, longer mean
length of stay, and higher mean cost.

Table 3 displays results of our multi-variable logistic regression
model, which shows associations between respiratory infections
and mortality, adjusting for demographic and clinical covariates
that were significantly different between those with and without
respiratory infections. Respiratory, neonatal, and renal/urologic/
transplant complex chronic condition; and increasing H-RISK
score were all independent risk factors for increased odds of mor-
tality. Non-White race (Black, Hispanic, and Other) was independ-
ently associated with increased odds of mortality. Admission for
cardiac surgery was independently associated with decreased odds
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Table 4. Unadjusted and multi-variable-adjusted negative binomial regression model of association between acute respiratory infection and length of stay.

Fold-difference in length of stay (95%

Estimated mean length of stay in days (95%

Patient characteristic confidence interval)* p-value confidence interval)
Unadjusted model
Had an acute respiratory infection
No Ref <0.001 12.03 (11.37-12.69)
Yes 1.36 (1.25-1.48) 16.33 (14.87-17.79)
Adjusted model
Had an acute respiratory infection
No Ref 12.37 (11.73-13.00)
Yes 1.19 (1.13-1.24) <0.001 14.70 (13.91-15.49)
Race
White Ref
Black 1.09 (1.02-1.17) 0.009
Hispanic 1.06 (0.99-1.13) 0.122
Other 1.12 (1.04-1.20) 0.002
Payer
Public insurance Ref
Private insurance/health mainte- 0.93 (0.88-0.97) 0.002
nance organisation
Other 1.05 (0.88-1.26) 0.588
Has critical congenital heart disease 0.90 (0.85-0.96) 0.001
Admitted for cardiac surgery 0.60 (0.56-0.64) <0.001
Type of complex chronic condition
Respiratory 1.49 (1.39-1.59) <0.001
Neonatal 1.97 (1.84-2.12) <0.001
Renal/urologic/transplant 1.29 (1.19-1.39) <0.001
Haematologic/immunologic 1.15 (1.06-1.25) 0.001
H-risk score
First quartile (<1.4) Ref
Second quartile (1.4-3.19) 1.66 (1.53-1.79) <0.001
Third quartile (3.2-8.49) 2.93 (2.68-3.20) <0.001
Fourth quartile (>8.5) 7.32 (6.59-8.12) <0.001

Variables included in model without statistically significant fold-different in length of stay: sex, has a complex chronic condition, congenital or genetic complex chronic condition
*Exponentiated Poisson regression estimates (95% confidence interval) estimating fold-difference in mean length of stay (acute respiratory infection/no acute respiratory infection)

of mortality. Discharges with a respiratory infection continued to
have higher odds of mortality (1.50 (95% CI 1.15-1.95)) despite
adjustments for covariates.

Table 4 displays results of our multi-variable negative
binomial regression model which shows associations between
respiratory infections and length of stay. Respiratory, neonatal,
and renal/urologic/transplant complex chronic condition; and
increasing H-Risk score were all independent risk factors for
increased fold-difference in length of stay. Black and Other race
were independently associated with increased fold-difference in
length of stay. Private insurance and admission for cardiac surgery
were independently associated with decreased fold-difference
in length of stay. Discharges with respiratory infections continued
to have higher fold-difference in length of stay (1.19 (95%
CI 1.13—1.24)), despite adjustments for covariates.
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Table 5 displays our multi-variable gamma regression model
which shows associations between respiratory infections and cost.
Hispanic and other race; respiratory, neonatal, and renal/urologic/
transplant complex chronic condition; private insurance; and
increasing Hospitalisation Resource Intensity score were all inde-
pendent risk factors for increased fold-difference in cost.
Discharges with respiratory infections continued to have higher
fold-difference in cost (1.16 (95% CI 1.10—1.22)) despite adjust-
ments for covariates.

In this cross-sectional retrospective cohort study of over 28,000
infant discharges with CHD, acute respiratory infections
accounted for over 25% of hospitalisations, 33% hospital days,
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Table 5. Unadjusted and multi-variable-adjusted gamma regression model of association between presence of acute respiratory infection and cost.

Fold-difference in cost

Estimated Mean Cost in

Patient characteristic (95% confidence interval)* p-value dollars (95% confidence interval)
Unadjusted model
Had an acute respiratory infection
No Ref <0.001 45,906 (41,711-50,101)
Yes 1.31 (1.18-1.46) 60,070 (52,078-68,062)
Adjusted model
Had an acute respiratory infection
No Ref 46,526 (43,040-50,012)
Yes 1.16 (1.10-1.22) <0.001 53,760 (49,193-58,328)
Race
White Ref
Black 1.03 (0.96-1.11) 0.392
Hispanic 1.14 (1.04-1.24) 0.003
Other 1.17 (1.08-1.27) <0.001
Payer
Public insurance Ref
Private insurance/health maintenance organisation 1.07 (1.01-1.14) 0.024
Other 1.12 (0.97-1.29) 0.118
Has a complex chronic condition 1.06 (1.01-1.13) 0.032
Type of complex chronic condition
Respiratory 1.46 (1.36-1.57) <0.001
Neonatal 1.67 (1.54-1.82) <0.001
Renal/urologic/transplant 1.33 (1.21-1.45) <0.001
H-risk score
First quartile (<1.4) Ref
Second quartile (1.4-3.19) 1.99 (1.88-2.12) <0.001
Third quartile (3.2-8.49) 5.33 (4.98-5.70) <0.001
Fourth quartile (>8.5) 14.39 (14.07-16.83) <0.001

Variables included in model without statistically significant fold-different in cost: sex, has a critical congenital heart disease, admitted for cardiac surgery, congenital or genetic complex chronic

condition, haematologic or immunologic complex chronic condition

*Exponentiated gamma regression estimates (95% confidence interval) estimating fold-difference in mean cost (acute respiratory infection/no acute respiratory infection)

and 33% of costs for all hospitalisations in infants with CHD.
Having a respiratory infection during hospitalisation was associ-
ated with a higher mortality, longer length of stay, and higher cost
compared to those without respiratory infection, particularly in
those with critical CHD. The differences in outcomes persisted
even after accounting for demographic and clinical differences
between those with and without a respiratory infection.

The poor outcomes of infants with CHD with respiratory infec-
tions are likely due to a combination of factors. This includes base-
line deleterious effects on the lungs by CHD such as lung injury
from over or under-perfusion, alterations in the composition of
surfactant, and differences in lower airway resistance.'!
Additionally for those with certain types of heart lesions, respira-
tory infections can precipitate pulmonary hypertensive crisis and/
or heart failure. As a result of these factors, infants with CHD and
respiratory infections may be more likely to have more severe ill-
ness with higher morbidity and mortality. In our study children
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with critical CHD and respiratory infections had longer mean
length of stay, almost double the mean cost, and almost double
the mortality rate compared to those with non-critical CHD and
respiratory infections, demonstrating that children with critical
CHD are particularly susceptible to poor sequelae from respiratory
infections. Our study also demonstrated that some co-morbidities
such as respiratory complex chronic conditions are independent
risk factors for worse outcomes. Respiratory complex chronic con-
ditions were more prevalent in those with acute respiratory infec-
tions and were associated with higher odds of mortality, longer
length of stay, and higher cost. This supports that the added insult
of acute respiratory infections in a child with both cardiac disease
and a respiratory co-morbidity can lead to significantly worse
outcomes.

The mortality rate in our study of infants with CHD and acute
respiratory infections is similar to a that of a study of infants with
Respiratory Syncytial Virus and CHD conducted outside the
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United States,'? but higher than one conducted in the United
States.! Our mean lengths of stay are longer and our costs higher
than the same United States study. These differences can be likely
explained by our broader definition for respiratory infections
which included illnesses other than bronchiolitis, as well as
differences in how we defined critical CHD versus how the
United States’ study defined high risk CHD.

Of note, our study demonstrated minority race as an indepen-
dent risk factor for differential outcomes. All non-White races
(i.e., Black, Hispanic, and Other) had significantly higher odds
of mortality. Black and “Other” children additionally had signifi-
cantly increased length of stay, even after controlling for other
co-variates, whereas Hispanic and “Other” children had signifi-
cantly increased costs. Future studies should further investigate
the reasons for these differences, including the potential role of
systemic differences in the way we care for children of different
races, leading to worse outcomes for minority children.

There are several limitations to the current study. CHD can
have varying degrees of severity based on the underlying lesion
as well as stage of repair which can affect outcomes, and these
can be challenging to classify using ICD-9-CM codes. We used
non-critical versus critical CHD for our classification system,
but there are instances where non-critical CHD such as large ven-
tricular septal defects can lead to significant sequelae from respi-
ratory infections. Due to the cross-sectional nature of the database,
we were unable to examine when a respiratory infection occurred
during a hospitalisation. Our study relied on the use of ICD-9-CM
codes to identify patients who were billed for CHD, and respiratory
infections which may not have been accurately coded by the medi-
cal coders; therefore, our study may have underestimated the true
prevalence of these conditions. These limitations are balanced by
some important strengths of our study. The large sample size in the
Kids’ Inpatient Database provided adequate power to look at our
relatively rare population of paediatric inpatients with CHD and
respiratory infections, and the rare outcome of mortality.
Additionally, Kids’ Inpatient Database 2012 represents discharges
from most states, and from both children’s and non-children’s
hospitals which makes our findings more generalisable.

There are several strategies that could potentially decrease the
burden of children with CHD with respiratory infections, includ-
ing measures to decrease the incidence of respiratory infections
prior to hospitalisation such as vaccination and measures to
decrease hospital-acquired respiratory infections. Palivizumab
prophylaxis has demonstrated great efficacy in reducing the
morbidity of respiratory syncytial viral infections in infants with
haemodynamically significant CHD,"*™'> yet studies suggest
sub-optimal rates of administration to eligible infants,'*™'? and sev-
eral studies highlight interventions to increase compliance.?’-2*
Similarly, influenza vaccination reduces mortality in children with
CHD,?* yet only about half of children with high risk conditions
such as cardiac disease receive it.>> Measures to reduce hospital-
acquired respiratory infection include hand hygiene, personal pro-
tective equipment when appropriate, patient cohorting in facilities
with shared rooms, and judicious hospital visitor restrictions.?®

New infection prevention protocols will be in effect during res-
piratory viral season this year in the United States due to the SARS-
CoV-2 (COVID-19) pandemic including universal masking of
workers in healthcare settings, as well as increased masking and
social-distancing in the general populace. Future studies should
evaluate the impact of these measures on the overall incidence
and morbidity and mortality of acute respiratory illnesses in chil-
dren with CHD this season.
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Lastly, for those paediatric inpatients with CHD who develop
respiratory infections despite preventative measures, there is little
literature to guide their clinical care. Future studies should assess
interventions and care guidelines that may improve the overall
clinical course and outcomes of this population, with a particular
focus on improving the care of children who are racial minorities
and demonstrate some of the worst outcomes.

To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951120004333.
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