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Abstract

Background: Given increased survival for adults with CHD, we aim to determine outcome
differences of infective endocarditis compared to patients with structurally normal hearts in the
general population. Methods: We conducted a retrospective cross-sectional study identifying
infective endocarditis hospitalisations in patients 18 years and older from the National
Inpatient Sample database between 2001 and 2016 using International Classification of Disease
diagnosis and procedure codes.Weighting was used to create national annual estimates indexed
to the United States population, and multivariable logistic regression analysis determined
variable associations. Outcome variables were mortality and surgery. The primary predictor
variable was the presence or absence of CHD. Results: We identified 1,096,858 estimated
infective endocarditis hospitalisations, of which 17,729 (1.6%) were adults with CHD. A 125%
increase in infective endocarditis hospitalisations occurred for adult CHD patients during the
studied time period (p< 0.001). Adults with CHD were significantly less likely to experience
mortality (5.4% vs. 9.5%, OR 0.54, CI 0.47–0.63, p< 0.001) and more likely to undergo in-
hospital surgery (31.6% vs. 6.7%, OR 6.49, CI 6.03–6.98, p< 0.001) compared to the general
population. CHD severity was not associated with increasedmortality (p= 0.53). Microbiologic
aetiology of infective endocarditis varied between groups (p< 0.001) with Streptococcus
identified more commonly in adults with CHD compared to patients with structurally normal
hearts (36.2% vs. 14.4%). Conclusions: Adults with CHD hospitalised for infective endocarditis
are less likely to experience mortality and more likely to undergo surgery than the general
population.

Introduction

The prevalence of patients with adult CHD continues to rise.1 Increased life expectancy for
patients living with complex cardiac anatomy has resulted in new and unique challenges,
including management of complications such as infective endocarditis. Incidence of infective
endocarditis in adults with CHD exceeds that of the general population2,3 and can lead to multi-
organ disease and death. In regional population-based and single-centre studies of infective
endocarditis in adults with CHD, mortality rates ranged from 6% to 15%, and between one third
and one half of such patients required surgical intervention.4–6 Compared to other admission
indications, hospitalisations due to infective endocarditis portend high acuity of illness for
patients with adult CHD. In a study examining adults with tetralogy of Fallot, infective
endocarditis-related admissions had higher in-hospital mortality, complications, and healthcare
resource utilisation compared to admissions without infective endocarditis.7

Early mortality for infective endocarditis in the general population (patients with structurally
normal hearts) is reported in the literature to be higher, ranging from 14.8% to 20.6%. 8–10

Management of infective endocarditis in adults varies institutionally, and the role and timing of
a surgical approach are still debated.11–13 The most recent American Heart Association/
American College of Cardiology guidelines for the management of valvular heart disease
recommend early surgery for those at greatest risk,14 but notably, recommendations regarding
surgery for infective endocarditis in adults with CHD are not addressed in these guidelines.
Among patients with infective endocarditis in the general population, sex-related infective
endocarditis outcome disparity has been commonly described 15,16; however, associations
between sociodemographics and infective endocarditis have not been evaluated in the adult
CHD population.

In light of the rapidly growing adult CHD population in the United States, our study aims to
determine outcome differences in infective endocarditis compared to patients with structurally
normal hearts in the general population, including identifying factors that might contribute to
dissimilarities. We will additionally explore associations of infective endocarditis with CHD
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severity and patient sociodemographics within the adult CHD
population to determine if there are any disparities in outcomes for
this high-risk group.

Materials and methods

Study design and data source

We performed a retrospective cross-sectional study using the
National Inpatient Sample database. This database is developed
andmaintained by the Healthcare Cost and Utilization Project and
is sponsored by the Agency for Healthcare Research and Quality.
The National Inpatient Sample database approximates a 20%
stratified sample of discharges from community hospitals in over
45 participating states and, as was done in our study, can be
weighted to provide national estimates. The dataset includes
deidentified clinical and non-clinical elements such as
International Classification of Diseases, Ninth and Tenth
Revisions diagnosis and procedure codes, demographic character-
istics, and expected payment source. The National Inpatient
Sample, as well as other large United States databases in the
paediatric population such as the Kids’ Inpatient Database and
Pediatric Health Information Systems database have been
previously utilised to evaluate trends in infective endocarditis
hospitalisations in various populations.8,17–21 Given its public
availability and the deidentified nature of the data, the Baylor
College of Medicine Institutional Review Board deemed that this
was not human subjects research.

Population selection and stratification

We identified hospitalisation discharges from 2001 to 2016 within
the National Inpatient Sample that included diagnoses of infective
endocarditis in patients 18 years or older using International
Classification of Diseases codes. Associated CHD diagnosis, surgical
procedure, microbiologic aetiology, and sociodemographic
diagnosis codes were also identified. Details of diagnosis and
procedural codes used are available in the supplemental material.
Weighting was used to create national annual estimates, and
these estimates were indexed to the United States population
using census data.22 Age groups were categorised as 18–44 years,
45–64 years, and 65þ years to facilitate comparisons due to large
differences in age between adults with and without CHD. Due to
non-linearity of age within our population, we elected to create
age groups rather than utilise age as a continuous variable. The
microbiologic aetiology of each infective endocarditis hospital-
isation was identified when possible. Consistent with previous
literature,17 six groups of infective endocarditis microbiologic
aetiologies were constructed: Streptococcus, Staphylococcus,
Gram-negative bacteria, fungal, multiple organisms (more than
one of the previous groups), and unknown organism. Due to its
potential impact on outcome, a comparison of left-sided versus
right-sided infective endocarditis was performed. International
Classification of Diseases procedure codes, rather than diagnosis
codes, were used to identify sidedness given diagnosis codes do
not carry valve specificity. As such, sidedness analysis was limited
to patients undergoing valve surgery. Left-sided lesions were
defined as surgical intervention to the mitral or aortic valve.
Right-sided lesions were defined as surgical intervention to the
tricuspid valve, pulmonary valve, or to a right ventricle to
pulmonary artery conduit. We additionally sought to investigate
the comparative impact of drug abuse in adults with and without
CHD given the opioid epidemic in the United States had a

significant bearing on infective endocarditis during the study
period. International Classification of Diseases Ninth and Tenth
Revisions diagnosis codes for drugs of abuse were selected as has
been previously identified in the literature.23 Outcome measures
were defined as in-hospital mortality and surgery for infective
endocarditis.

Data analysis

National estimates of the number of infective endocarditis
discharges related to adult CHD were created, accounting for
the complex weighting and stratification utilised in the National
Inpatient Sample. Categorical variables were compared using a
survey-weighted chi-square test. Continuous variables were
compared using survey-weighted linear regression. Multivariable
models for infective endocarditis mortality and surgery related to
CHD status were created. Sociodemographic covariables included
age group, sex (as defined in the National Inpatient Sample
database), race/ethnicity, insurance type, and year. The statistical
level for all comparisons was p< 0.05. Statistical analysis was
performed using Stata/SE 15.0 and R version 3.6.1.

Adult CHD sub-analysis

Univariate and multivariable analyses within the adult CHD
population were also performed to evaluate outcomes of mortality
and surgery by disease complexity and patient sociodemographic
predictor variables. CHD complexity was stratified by simple,
complex, and unclassified as has been previously categorised in the
literature.24 Anatomic classification as delineated by the 2018 adult
CHD guidelines 25 was not possible due to limitations of the
International Classification of Diseases coding descriptions. The
code for atrial septal defect/patent foramen ovale was excluded as
an adult CHD diagnosis as it has been found to be highly non-
specific and may not represent true CHD.26 The organisation of
disease complexity can be found in the supplemental material.
Adult CHD subgroup analysis was performed within the studied
time period of 2001 to 2014 using only International Classification
of Diseases, Ninth Revision codes, as the transition to Tenth
Revision codes did not allow for consistent disease severity
categorisation. The adult CHD sociodemographic sub-analysis
covariates included age group, sex, race/ethnicity, and insur-
ance type.

Results

Patient demographics

We identified a total of 1,096,858 estimated hospital discharges in
patients 18 years and older that included a diagnosis of infective
endocarditis from 2001 to 2016. Patient demographics stratified by
CHD status are summarised in Table 1. The number of estimated
adult CHD infective endocarditis hospitalisations was 17,729
(1.6%). Over the studied time period, annual adult CHD infective
endocarditis hospitalisations increased from 683 (1.3%) in 2001 to
1,805 (1.9%) in 2016 with a 125% increase in indexed hospital-
isations from 0.32/100,000 adults to 0.72/100,000 adults (p< 0.001
for trend) Figure 1. No change in slope was detected pre- or post-
2007 with the introduction of the American Heart Association
guideline change regarding spontaneous bacterial endocarditis
recommendations (p= 0.33). The number of hospitalisations for
infective endocarditis in patients with structurally normal hearts
increased from 53,549 in 2001 to 91,135 in 2016, corresponding to
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a 45% increase in the number of indexed hospitalisations from
25.22/100,000 adults to 36.56/100,000 adults. Despite this increase
in absolute number of non-adult CHD infective endocarditis
hospitalisations, due to the relatively higher rise in adult CHD
infective endocarditis hospitalisations, the proportion of infective
endocarditis hospitalisations in the general population decreased
from 98.7% to 98.1% over the studied time period. Adult CHD
patients with infective endocarditis were younger than those with
infective endocarditis in the general population (mean age 45.2
years vs. 64.5 years, p< 0.001). Race/ethnicity and insurance type
were also significantly different between the groups (p< 0.001)

with non-adult CHD patients more likely to be non-Hispanic
Black (12.7% vs. 7.0%) and have governmental insurance (74.3%
vs. 40.4%). Adults with CHD were more likely to have private
insurance (45.9% vs. 18.1%).

Infective endocarditis mortality and valve surgery

In-hospital infective endocarditis mortality was lower in adults
with CHD compared to the general population (5.4% vs. 9.5%,
respectively, p< 0.001) Figure 2. Over the studied time period, the
mortality rate decreased significantly in patients with structurally

Figure 1. Percentage of infective endocarditis hos-
pitalisations in patients with ACHD from 2001 to
2016. ACHD infective endocarditis hospitalisations in
the United States increased from 683 (1.3%) in 2001
to 1,805 (1.9%) in 2016. Coincident with rising ACHD
IE hospitalisations, the proportion of IE hospital-
isations in non-ACHD patients decreased from 98.7%
to 98.1%. ACHD = adult congenital heart disease; IE
= infective endocarditits.

Table 1. Baseline characteristics

Overall Non-ACHD ACHD P

N= 1,096,858 N= 1,079,129 (98.4%) N= 17,729 (1.6%)

Female 527,681 (48.1%) 522,607 (48.4%) 5,074 (28.6%) <0.001

Age (years)

Mean age (SEM) 64.2 (0.09) 64.5 (0.09) 45.2 (0.31) <0.001

18–44 183,534 (16.7%) 174,221 (16.2%) 9,313 (52.5%) <0.001

45–64 317,960 (29.0%) 312,153 (28.9%) 5,807 (32.8%)

≥65 595,364 (54.3%) 592,755 (54.9%) 2,609 (14.7%)

Race

Non-Hispanic White 675,519 (61.6%) 664,286 (61.5%) 11,233 (63.3%) <0.001

Non-Hispanic Black 137,945 (12.6%) 136,712 (12.7%) 1,233 (7.0%)

Hispanic 71,420 (6.5%) 69,885 (6.5%) 1,535 (8.7%)

Other or missing 211,974 (19.3%) 208,246 (19.3%) 3,728 (21.0%)

Insurance type

Government insurance 808,562 (73.7%) 801,402 (74.3%) 7,160 (40.4%) <0.001

Private insurance 203,791 (18.6%) 195,656 (18.1%) 8,135 (45.9%)

Other 84,505 (7.7%) 82,071 (7.6%) 2,434 (13.7%)

ACHD= adult congenital heart disease; SEM= standard error of the mean.
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normal hearts, from 10.5% in 2001 to 8.4% in 2016 (p< 0.001), but
did not change significantly among adults with CHD (p= 0.75).
Patients with adult CHD were significantly more likely than the
general population to undergo surgery during their infective
endocarditis hospitalisation (31.6% vs. 6.7%, p< 0.001) Figure 3.
Over the studied time period, the infective endocarditis surgery
rate increased in adults with CHD, from 30.4% to 33.0%
(p< 0.001), as well as in patients with structurally normal hearts
(6.5% to 6.9%, p< 0.001). Given the age difference between the
cohorts, analyses of mortality and surgery were performed
stratified by age group Figure 4. Mortality generally increased
with older age in both groups. Compared to adults with CHD,
mortality was higher for the general population in the younger and
middle-aged groups (p= 0.003 and p< 0.001, respectively) but was
not significantly different in the oldest age group (9.6% for adults
with CHD vs. 10.1% for the general population, p= 0.68). Overall
rates of surgery were lowest in the oldest age group, with surgery
consistently performed more often among adults with CHD across
all age groups (p< 0.001 for each group).

Outcome differences persisted in multivariable analysis.
Compared to the general population, adult CHD status was
associated with a decrease in the odds of infective endocarditis in-
hospital mortality (OR 0.54, 95% CI 0.47–0.63, p< 0.001), and
adult CHD status was associated with much higher odds of
undergoing surgery for infective endocarditis (OR 6.49, 95% CI
6.03–6.98, p< 0.001).

Outcome analysis related to anatomic complexity within the
adult CHD cohort alone was subsequently performed. Table 2
demonstrates infective endocarditis mortality and surgery within
adults with CHD stratified by disease severity. Those with complex
CHD did not have increased mortality compared to patients with
simple disease (OR 1.01, 95%CI 0.68–1.49, p= 0.96). However, the
odds of a patient with complex disease undergoing valve surgery
were lower in comparison with those that had simple CHD (OR
0.68, 95% CI 0.56–0.83, p< 0.001).

Mortality for those who underwent surgery compared to those
medically managed was not statistically different within either the
adult CHD cohort (5.1% vs. 5.5%, p= 0.55) or in the general

Figure 2. Comparative in-hospital infective endo-
carditis mortality by ACHD status from 2001 to 2016.
In-hospital infective endocarditis mortality was
significantly lower for patients with ACHD compared
to non-ACHD patients from 2001 to 2016. Note that
annual mortality rates remained similar among
ACHD patients while mortality rate significantly
decreased in non-ACHD patients. ACHD = adult
congenital heart disease.

Figure 3. Comparative in-hospital infective endo-
carditis surgery by ACHD status from 2001 to 2016. In-
hospital infective endocarditis surgery was signifi-
cantly more common for patients with ACHD
compared to non-ACHD patients from 2001 to
2016. Annual surgery rates for infective endocarditis
significantly increased for both ACHD and non-ACHD
patients. ACHD = adult congenital heart disease.
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population (9.9% vs. 9.5%, p= 0.10). Interaction analysis between
adult CHD status and surgery for infective endocarditis was
negative (p= 0.36).

Infective endocarditis microbiologic aetiology

A comparison of overall incidence in microbiologic aetiology as
well as the incidence in patients who experienced mortality and

those who underwent surgery during their hospitalisation is
shown in Figure 5. A significant difference in overall infective
endocarditis microbiology between patients with and without
adult CHD was identified (p < 0.001). Streptococcus was the most
identified cause of infective endocarditis in adults with CHD
(36.2%) but was identified in only 14.4% of infective endocarditis
in adults with structurally normal hearts. Comparatively,
Staphylococcus was the most identified aetiology in patients

Figure 4. In-hospital infective endocarditis mortality
and surgery stratified by age group. Due to the age
difference between the ACHD and non-ACHD cohorts, we
performed an analysis of mortality and surgery stratified
by age group. (a) Mortality was significantly higher in the
oldest age groups compared to the youngest age groups
in both ACHD and non-ACHD. Mortality was significantly
lower for patients with ACHD compared to non-ACHD
except for in the oldest age group where no difference
was found. (b) Rates of surgery for infective endocarditis
were significantly higher for ACHD compared to non-
ACHD across all age groups. ACHD = adult congenital
heart disease; IE= infective endocarditis.

Table 2. Univariate and multivariable sub-analysis of mortality and surgery for patients with ACHD stratified by disease severity

ACHD infective endocarditis mortality

Overall
N= 14,241

Disease severity

Simple
N = 8,787

Complex
N= 4,044

Unspecified
N = 1,410

739 (5%) 433 (4.9%) 239 (5.9%) 67 (4.7%)

REF OR= 1.01
95% CI: 0.68–1.49

P= 0.96

OR= 0.86
95% CI: 0.48–1.53

P= 0.60

ACHD infective endocarditis surgery

Overall
N= 14,269

Disease severity

Simple
N = 8,810

Complex
N= 4,049

Unspecified
N = 1,410

4,477 (32%) 3,213 (36.5%) 1,006 (24.9%) 257 (18.2%)

REF OR= 0.68
95% CI: 0.56–0.83

P< 0.001

OR= 0.42
95% CI: 0.30–0.58

P< 0.001

ACHD= adult congenital heart disease; REF= reference.
*Differences in mortality and surgical overall cohorts are due to missing data.
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without CHD (23.4%) but was the infectious pathogen in only
16.8% of infective endocarditis in adults with CHD.
Microbiologic aetiology in a large proportion of infective
endocarditis hospitalisations within both groups remained
unknown (41.4% and 54.5% in adults with and without CHD,
respectively). In those who died, a significant difference in
infective endocarditis aetiology was found between adults with
CHD and the general population (p = 0.003) with Staphylococcus
identified more often compared to Streptococcus for both adults
with CHD (26.2% vs. 18.8%) and in the general population
(35.4% vs. 11.6%). For those managed surgically in either group,
Streptococcus was the most commonly isolated organism, which
was noted in higher proportions in adults with CHD (38.0% vs.
27.2%, p < 0.001).

Left- versus right-sided infective endocarditis

In patients who underwent valve surgery for infective endocarditis,
a comparison of involvement of the left, right, or both sides of the
heart was performed. Left-sided infective endocarditis was more
common by a sizeable margin in adults with and without adult
CHD (87.0% and 86.1%, respectively) compared to right-sided
infective endocarditis (4.7% and 7.7%, respectively p< 0.001). In
the general population, a significant difference in mortality related
to sidedness of infective endocarditis was detected with 6.2% in
right-sided infective endocarditis, 10.2% in left-sided infective
endocarditis, and 13.0% when both left and right sides were
affected (p< 0.001). When the structurally normal group was
stratified by age group, mortality rates were lower across the board
for the youngest group (4.1%, 5.7%, and 6.9% for right, left, and
both sides, respectively, p= 0.05) and considerably higher in the
oldest age group (17.0%, 14.9%, 18.4% for right, left, and both sides,
respectively, p< 0.001). Within the adult CHD cohort, there was
no significant difference in mortality related to infective
endocarditis sidedness, including when stratified by age groups.

Drugs of abuse and infective endocarditis

Among adults with CHD and infective endocarditis, 774 (4.4%)
were related to drugs of abuse compared to 54,844 (5.1%) in those
without CHD (p= 0.07). Within the adult CHD group, no
difference in mortality was seen among patients with drugs of
abuse-related infective endocarditis compared to infective endo-
carditis unrelated to drug abuse (7.1% vs. 5.3%, respectively,
p= 0.35). Similarly, no significant difference in infective endo-
carditis surgery was observed related to drugs of abuse in patients
with adult CHD (38.6% vs. 31.3%, p= 0.07).

Adult CHD sociodemographic sub-analysis

We then compared outcomes for infective endocarditis among
adults with CHD by sex, race/ethnicity, and insurance type. Table 3
summarises a multivariable analysis of these demographic
characteristics for both infective endocarditis mortality and in-
hospital surgery. There were no noted differences in mortality
between female and male patients (5.4% vs. 5.1%, p= 0.80). In
multivariable analysis, female sex was associated with lower odds
of undergoing surgery in comparison with male sex (OR 0.60, 95%
CI 0.49–0.73, p< 0.001). Of the non-Hispanic White patients,
5.1% died compared to 6.7% in the non-Hispanic Black and 4.2%
in the Hispanic populations (p= 0.68). Rates of surgery were also
similar between the race/ethnicity groups (p= 0.97). Likewise, in
multivariable analysis, no difference in odds of mortality or
undergoing surgery was identified by race/ethnicity. In univariate
analysis, mortality was significantly higher for those with
governmental insurance compared to private insurance (7.6%
vs. 3.3%, p< 0.001), and surgery occurred less often in patients
with governmental insurance than private insurance (26.6% vs.
33.4%, p< 0.001). On multivariable analysis, there was a
significantly higher odds of mortality for patients with govern-
mental insurance (OR 2.16, 95% CI 1.44–3.26, p< 0.001), but no

Figure 5. Proportion of microbiologic aetiology within ACHD and non-ACHD cohorts. Panel (a) represents the overall percentages of microbiologic aetiology within each cohort,
while panels (b and c) represent the proportion of microbiologic aetiologies of patients who experienced mortality and surgery, respectively. Significant differences were found
between the ACHD and non-ACHD cohorts within each comparison, most notable for a larger proportion of Streptococcus in ACHD in both the overall (a) and surgery (c)
comparisons and a larger percentage of Staphylococcus in both the ACHD and non-ACHD cohorts who experienced mortality (b). ACHD = adult congenital heart disease.
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significant difference was noted in the odds of undergoing surgery
(OR 1.01, 95% CI 0.83–1.23, p= 0.95).

Discussion

Utilising a United States national inpatient database from 2001 to
2016, we compared outcomes of infective endocarditis between
adults with and without CHD. The proportion of infective
endocarditis-related adult CHD hospitalisations has increased
significantly from 1.3% in 2001 to 1.9% in 2016. Though their
hearts are more anatomically complex, adults with CHD
experienced less in-hospital infective endocarditis mortality than
the general population. Among adult CHD patients, no significant
mortality difference was noted between simple and complex
disease, further emphasising the limited impact of cardiac
anatomic complexity on infective endocarditis outcome.
Alternatively, factors identified in our study such as younger age
in adults with CHD and a difference in microbiologic aetiology
between those with and without CHD may play a larger role.
Surgery during an infective endocarditis hospitalisation was
significantly more common among adults with CHD; however,
surgery did not confer a survival advantage in either cohort.

Increasing adult CHD infective endocarditis hospitalisations

We identified a 125% increase in indexed infective endocarditis
hospitalisations for the adult CHD population from 2001 to 2016, a
trend similar to previously reported National Inpatient Sample
data describing an increase in all-cause adult CHD hospitalisations
over a similar time period.24 It is important to note that this trend
does not necessarily signify an increasing rate of infective
endocarditis among adults with CHD, but rather may be more
attributable to a growing adult CHD population that now
comprises a larger relative percentage of the overall United
States population.1,27 This finding highlights the importance of
specialised providers and qualified medical centres familiar with
the management of infective endocarditis among adult CHD

populations. Notably, referral to specialised adult CHD centres has
been associated with a significant reduction in mortality for this
complex group of patients.28

Outcome differences and contributing factors

Comparatively lower in-hospital mortality related to infective
endocarditis was identified in adults with CHD compared to the
general population in the United States, offering an American
perspective that demonstrates similar outcomes as recent studies
from Europe.29,30 We believe this mortality difference is likely
multifactorial, though perhaps one key factor is the difference in
microbiologic aetiology in patients with CHD. Streptococcus,
which has been consistently identified as the leading causative
pathogen of infective endocarditis in the CHD population,4,17,31

was also the most commonly identified cause of infective
endocarditis in our adult CHD cohort. This is perhaps related to
an increased burden of dysplastic and/or prosthetic valvular tissue
in adults with CHD that increases the likelihood of transient
bacteraemia from oral flora to adhere and proliferate. In contrast,
Staphylococcus was the most commonly isolated organism in our
cohort of adults without CHD, and it has also previously been
demonstrated to predominate in patients with infective endocar-
ditis and structurally normal hearts in the general popula-
tion.8,10,20,32 Historically, infective endocarditis outcome parallels
microbiologic aetiology. Streptococcus is associated with lower in-
hospital mortality in patients with structurally normal hearts,32

and similar favourable outcomes have been identified when
Streptococcus is isolated in CHD patients with infective endo-
carditis following Melody valve placement.33 Conversely,
Staphylococcus has been associated with increased infective
endocarditis related complications and mortality in both pop-
ulations.10,31,32,34–37 In our study, Staphylococcus was the most
commonly isolated organism in patients who died in either group
and was particularly prominent in patients without CHD who
experienced mortality, where it was identified over three times as
frequently as Streptococcus.

Table 3. Multivariable sub-analysis of outcome by sex, race/ethnicity, and insurance type in ACHD infective endocarditis

Mortality Surgery

Sex

Male REF REF

Female OR 0.86 (95% CI 0.58–1.28, P= 0.46) OR 0.60 (95% CI 0.49–0.73, P< 0.001)

Race/ethnicity

Non-Hispanic White REF REF

Non-Hispanic Black OR 1.18 (95% CI 0.65–2.13, P= 0.54) OR 1.12 (95% CI 0.81–1.57, P= 0.49)

Hispanic OR 0.77 (95% CI 0.39–1.53, P= 0.46) OR 1.03 (95% CI 0.74–1.43, P= 0.85)

Other or missing OR 1.05 (95% CI 0.71–1.55, P= 0.82) OR 1.04 (95% CI 0.85–1.27, P= 0.72)

Insurance type

Private insurance REF REF

Governmental
insurance

OR 2.16 (95% CI 1.44–3.26, P< 0.001) OR 1.01 (95% CI 0.83–1.23, P= 0.95)

Other OR 1.55 (95% CI 0.91–2.65, P= 0.11) OR 1.23 (95% CI 0.97–1.56, P= 0.08)

ACHD= adult congenital heart disease; REF= reference.
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As has been previously argued,5,29 early detection and
intervention likely also play a significant role in the infective
endocarditis adult CHDmortality difference. In a study of infective
endocarditis in the general population, Thuny et al.9 postulated
that high mortality rates may be due to delayed identification and
late referral to institutions experienced in infective endocarditis
management including capabilities of early surgery. In patients
with CHD, infective endocarditis is often an early consideration
with any indication of fever or with the onset of other systemic
symptoms, particularly in the context of changing cardiac valve
function.

Given risk factors of left-sided infective endocarditis such as
thromboembolism and heart failure, we additionally considered
the impact of left- versus right-sided infective endocarditis
involvement on mortality. The large majority of infective
endocarditis was left-sided in patients with and without CHD,
which is similar to previously reported data.30 Given our
sidedness analysis was limited to patients undergoing surgical
valve intervention, this data likely reflects a proclivity to
surgically treat infective endocarditis that is left-sided. Infective
endocarditis sidedness was similar between each group with
only a modest difference in right-sided involvement driving
statistical significance and is unlikely to meaningfully impact
overall mortality. Compared to right-sided infective endocar-
ditis, left-sided disease conferred an increase in mortality in the
structurally normal group, likely related to age and potentially
due to delayed detection resulting in development of compli-
cations associated with left-sided infective endocarditis as
previously noted.

The United States opioid epidemic imparted considerable
influence during the time period of our study, though its impact
related to infective endocarditis affected both adults with and
without CHD similarly given comparable rates in each group. In
adults with CHD, drug abuse also did not convey significance in
infective endocarditis outcome as no differences in mortality or
surgery were demonstrated related to drug abuse.

The difference in rates of surgery during an infective
endocarditis hospitalisation between adults with and without
CHD is notable and may suggest a predilection for surgical
management of infective endocarditis in CHD patients. Surgery
for infective endocarditis in adults with CHD in our study
occurred in nearly one third of patients, which is similar to
previously reported surgical rates for adult CHD infective
endocarditis.5,29 Those with transcatheter Melody valves with
infective endocarditis have even higher reported rates of surgical
intervention (44%).38 One possible explanation for this
management paradigm is the necessity for a more aggressive
approach in instances of haemodynamically compromising
infective endocarditis complications such as right ventricular
outflow tract obstruction within conduits or transcatheter
pulmonary valves.33,38 Another possibility is the influence of
surgical familiarity for the management of patients with CHD.
Institutions accustomed to frequent application of surgical or
transcatheter intervention for patients with CHD may also be
more apt to consider a surgical approach for complications such
as infective endocarditis.

Adult CHD infective endocarditis sociodemographic outcome
disparities

Significant sex and insurance differences were identified within the
adult CHD infective endocarditis group, adding to the growing

number of outcome disparities among vulnerable patient
populations. In our study, women with adult CHD and infective
endocarditis were less likely to undergo surgery. Our data is
consistent with the literature,15,16 which has identified lower rates
of valve surgery in women with structurally normal hearts and
infective endocarditis despite improved in-hospital and 1 year
mortality for those who are surgically managed. One possible
explanation for these findings might be an avoidance of surgery in
women who are pregnant when diagnosed with infective
endocarditis.

In our adult CHD cohort, those with governmental insurance
had significantly higher mortality rates. Similar outcomes in
insurance disparities have been identified in the paediatric
population following congenital heart surgery.39 As the adult
CHD population continues to grow, ensuring access to care is
paramount. National health policies such as the Affordable Care
Act lower uninsured rates in adults with CHD,40 demonstrating
one strategy of reducing underinsurance as a barrier to care.
Additional system-level mechanisms of reducing disparity within
heart centres include social determinants of health screening to
assist in understanding access to medications and adult CHD
physicians, broad implementation of implicit bias training to
ensure equal recognition and treatment of all patients with
infective endocarditis regardless of sociodemographic character-
istics, centre-based quality improvement initiatives including
timely and adequate imaging studies, as well as increasing
awareness and education of the signs and symptoms of infective
endocarditis, particularly to lower socio-economic status
communities.

Limitations

Despite the large size of our overall population derived from
utilisation of a national database from 2001 to 2016, this study has
several limitations. Inherent limitations exist with retrospective
data collection which can only provide association as opposed to
causality. The deidentified nature of the National Inpatient Sample
database creates the possibility that some infective endocarditis
hospitalisations are readmissions as opposed to newly diagnosed
cases, potentially overestimating the true incidence of infective
endocarditis in the United States.

Generalisability within this dataset is dependent on reliable
International Classification of Diseases coding, which may not be
consistent across institutions. Coding errors have been identified
in CHD,26 and the current dataset may include inaccuracies in
regard to presence of CHD and congenial heart disease complexity.
For instance, the code for “non-rheumatic mitral valve insuffi-
ciency” may be utilised if the valve pathology is due to acquired
valve degeneration or from a congenital aetiology, and non-trivial
overlap likely exists. This limits our ability to identify patients,
particularly in the non-adult CHD group, that may be at higher
risk for mortality or surgery related to infective endocarditis such
as those with acquired degenerative valve disease. Furthermore,
International Classification of Diseases codes for history of
prosthetic valve disease are likely under-coded in patients with
adult CHD, limiting the comparative utility of this variable
between the non-adult CHD and adult CHD groups.

An additional limitation of International Classification of
Diseases coding includes an inability to identify less common
microbiologic organisms such as the Haemophilus,
Aggregatibacter, Cardiobacterium, Eikenella, and Kingella group.
Such a limitation has been acknowledged previously17 and may
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account for a larger proportion of patients with unknown
microbiologic aetiologies in our cohort. Given the heterogeneity
of adult CHD anatomy, valve specificity does not always accurately
denote a left-sided mitral and aortic valve and right-sided tricuspid
and pulmonary valve, limiting our sidedness comparison and its
impact on mortality. Inclusion of analyses to determine the impact
of genetic syndromes such as 22q11 deletion was considered;
however, we believe under-coding and/or inconsistent coding of
such inherited disorders during inpatient admissions likely limits
the reliability of this data. Institutional variability in the
management of infective endocarditis such as empiric antimicro-
bial selection and varying thresholds for surgical intervention may
affect outcome. Finally, complexity of surgical intervention may
vary from simple valve debridement to more complex valve or
conduit resections/replacements and could impact surgical
outcome.

Conclusion

Utilising a large United States inpatient database, an increase in
adult CHD infective endocarditis hospitalisations indexed to the
United States population was identified between 2001 and 2016.
Adults with CHD had significantly lower in-hospital infective
endocarditis mortality than the general population. One key factor
likely contributing to this disparity is the difference in microbio-
logic aetiology between the groups. Surgery was performed in adult
CHD infective endocarditis hospitalisations at a significantly
increased rate than that of the general population, likely signalling
a more aggressive approach to infective endocarditis management
in the CHD group. Finally, disparities in outcomes among patients
who are female and have governmental insurance within the adult
CHD cohort require further investigation, particularly surround-
ing access to high-quality adult CHD care.

These data better inform both adult congenital and non-adult
congenital cardiologists regarding how infective endocarditis
epidemiology and outcome differ between these groups and
should encourage early consideration and treatment of infective
endocarditis across all patient populations, even in the absence of
cardiac anatomic complexity.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1047951124026507
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