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Abstract

Infective Endocarditis (IE) is associated with high mortality and morbidity. The data on 

contemporary trends and health care utilization remain scarce for IE. Consequently, we used the 

National Inpatient Sample database from 2002 to 2016 to study burden of IE. Risk-adjusted rates 

were calculated using an Analysis of Covariance with the Generalized Linear Model. Trends were 

assessed with linear regression and Pearson’s Chi-square modeling, where appropriate. Binomial 

logistic regression was used for computing predictors of in-hospital mortality. We identified 

523,432 hospitalizations for native valve IE. Risk-adjusted mortality decreased from 16.7% in 

2002 to 9.7% in 2016 (p <0.01). The risk-adjusted length of stay decreased from 17.4 days in 2002 

to 13.4 days in 2016 (p <0.01). Mean cost of stay adjusted for risk factors and inflation increased 

from 112,702$ in 2002 to 164,767$ in 2016 (p <0.01). Valve replacement increased from 10.2% in 

2002 in to 13.4% in 2016, (p <0.01). Independent predictors of mortality included age (OR, 1.02 

[1.02 to 1.020], p <0.01), female gender (OR, 1.07 [1.05 to 1.09], p <0.01), Blacks (OR, 1.28 

[1.24 to 1.31], p <0.01), Hispanics (OR, 1.15 [1.11 to 1.19], p <0.01) and patients with co-morbid 

conditions like congestive heart failure (OR, 1.78 [1.74 to 1.82], p <0.01), renal failure (OR, [1.69 

[1.65 to 1.73], p <0.01) and weight loss (OR, 1.40 [1.36 to 1.43], p <0.01). In summary, in-

hospital mortality from native valve IE has been decreasing but total hospitalization and average 

cost of stay has increased.

Despite advancements in therapies, infective endocarditis (IE) remains associated with 

substantial morbidity and mortality.1 With increasing age and opioid epidemic, IE is 

increasing in the United States.2,3 This has put immense pressure on local health systems 
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that are already constrained both by capacity and cost.2,3 Prior epidemiological studies have 

shown that the native valve IE had remained stable due to reduction in congenital and 

childhood valvular heart disease. However, there is paucity of contemporary data illustrating 

national trends of IE.4 We hypothesized that the incidence of native valve IE is increasing 

due to opioid crisis and co-morbidities burden.1,3 To examine this, we used the National 

Inpatient Sample (NIS) from 2002 to 2016 to explore the contemporary trends in incidence, 

mortality, and burden of native valve IE.

Methods

The NIS database is part of Healthcare Cost and Utilization Project databases and is 

sponsored by the Agency for Healthcare Research and Quality.5 The NIS is the largest 

publicly available all-payer administrative claims-based database and contains information 

about patient discharges from 1000 hospitals. Prior to 2012, the NIS was a sample of 

hospitals and since 2012, it was redesigned to include sample of discharges from all 

hospitals participating in Healthcare Cost and Utilization Project. The national estimates of 

the entire US hospitalized population were calculated using the Agency for Healthcare 

Research and Quality sampling and weighting method.6 Trend weight provided was used for 

trends before 2012 and discharge weight after 2011. Institutional review board approval and 

informed consent were not required for this study given the deidentified nature of the NIS 

database and public availability.

We analyzed 15 years of NIS data from January 2002 to December 2016 using the 

International Classification of Diseases, 9th and 10th Revision, Clinical Modification 

(ICD-9 and 10-CM) codes. All adult (≥18 years) patients admitted with acute or subacute 

endocarditis were identified using ICD-9-CM codes of 421.0, 421.1, 421.9, and ICD-10-CM 

codes of I33.0 and I33.9. The native IE patients were identified using previously validated 

algorithm.7 Patients with prior history of prosthetic valve (ICD-9 V433.0 & ICD-10 Z95.2) 

and intra-cardiac devices (ICD-9 V450.2 & ICD10 Z958.10) were excluded (Figure 1).

The primary outcomes of interest were trends in in-hospital mortality, mean length of stay, 

mean cost of stay, and inpatient procedures. For assessment of trends in demographics and 

co-morbidities, study population was divided into 3 equal 5 years periods: 2002 to 2006, 

2007 to 2011, and 2012 to 2016. Categorical variables were presented as frequencies and 

percentages and continuous variables were reported as means (standard deviations) or 

medians (inter-quartile ranges). Categorical and continuous variables were compared using a 

Pearson Chi-square test and independent samples t test, respectively. A univariate model 

using the General Linear Model was used for the Analysis of Covariance. Outcomes were 

adjusted for age, sex, race, median income, payer status, and 29 Elixhauser comorbidities; 

and inflation for the mean cost of stay (comparison to December 2016). We used linear 

regression for trends and logistic regression to identify predictors for mortality. Initially, a 

binomial logistic regression model was used to identify variables from demographic 

information (Table 1) that were significantly associated with mortality (p value ˂0.10). These 

variables were then subsequently utilized in a multiple logistic regression model to identify 

predictors of mortality. A type I error of <0.05 was considered statistically significant. All 
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statistical analyses were performed using statistical package for social science (SPSS) 

version 26 (IBM Corp) and R, version 3.5.

Results

A total of 523,432 adult weighted encounters were identified. The number of IE 

hospitalizations increased from 155151 (2002 to 2006) to 195300 (2012 to 2016; p <0.01; 

Table 1). The median age was 60 years [interquartile range, 46 to 73]. From 2002–2006 to 

2012–2016, following comorbidities significantly increased: alcoholism (4.9% to 5.9%), 

congestive heart failure (13.4% to 18.8%), depression (5.0% to 11.2%), diabetes mellitus 

with complications (7.3% to 11.4%), drug abuse (11.9% to 20.8%), hypertension (37.3% to 

52.9%), liver disease (7.4% to 10.5%), peripheral vascular disease (5.2% to 17.1%).

Risk-adjusted in-hospital mortality decreased from 16.7% in 2002 to 9.7% in 2016 (p <0.01; 

Figure 2). The risk-adjusted length of stay decreased from 17.4 days in 2002 to 13.4 days in 

2016 (p <0.01; Figure 3). The adjusted mean cost of stay increased from 112,702$ in 2002 

to 164,767$ in 2016 (p <0.01; Figure 3). The increase in cost of stay was most likely due to 

increase in septic shock (5.7% to 17.1%, p <0.01), ventilator use (13.6% to 17.5%, p <0.01), 

and valve replacement (10.2% to 13.4%, p <0.01; Figure 3). Routine discharges to home 

decreased from 50.7% in 2002 to 2006 to 45.4% in 2012 to 2016 (p <0.01). Long term care 

facility discharges increased from 36.0% in 2002 to 2006 to 37.8% in 2012 to 2016 (p 

<0.01; Table 2).

Between 2002 and 2009, subgroup analysis of patients with a history of drug abuse showed 

a decreasing trend in hospitalization (9.7% in 2002 to 6.4% in 2009), followed by a rapid 

increase to 23.1% through 2016 (p <0.01; Figure 4). In comparison to nondrug users, the 

adjusted in-hospital mortality and length of stay significantly decreased (Figure 5), and cost 

of stay has increased (Figure 5).

Logistic regression analysis on in-hospital mortality showed association with age (odds ratio 

[OR], 1.021 [95% confidence interval, 1.020 to 1.22], p <0.01), female gender (OR, 1.07 

[1.05 to 1.09], p <0.01), blacks (OR, 1.28 [1.24 to 1.31], p <0.01), Hispanics (OR, 1.15 

[1.11 to 1.19], p <0.01) and patients with co-morbid conditions like congestive heart failure 

(OR, 1.78 [1.74 to 1.82], p <0.01), renal failure (OR, [1.69 [1.65 to 1.73], p <0.01), 

coagulopathy (OR, 2.70 [2.64 to 2.76], p <0.01), peripheral vascular disease (OR, 1.37 [1.33 

to 1.41], p <0.01) and weight loss (OR, 1.40 [1.36 to 1.43], p <0.01; Figure 6).

Discussion

Our nation-wide analysis showed that IE still carries high morbidity and mortality although 

risk adjusted mortality has been on downtrend during our study time (16.7% in 2002 vs 

9.7% in 2016, p <0.01). This is in contrast to previous estimates that have shown in-hospital 

mortality associated with IE between 11% and 26%.8–10 We also noticed an increase in cost 

of stay despite reduction in length of stay. Additionally, IE associated risk adjusted mortality 

and length of stay also decreased in patients with history of drug abuse despite increased 

prevalence of such patients over our study years. We also showed increase in IE associated 

hospitalizations from 155,151 during 2002 to 2006 to 195,300 in 2012 to 2016.
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Our study showed improved inpatient mortality over the years with steep decrease noted 

after 2009. The decrease in risk-adjusted hospital mortality over the years is encouraging 

and was also seen in previous studies.11,12 Similarly, our study also showed reduction in 

length of stay for IE hospitalizations. This reduction in mortality and length of stay is likely 

reflective of improved health care delivery across our study years. Our study has shown that 

IE related admissions have increased (Table 1). This trend can be explained by the advanced 

age, higher co-morbidity burden and a worsening trend of drug abuse,3 especially since 2009 

(Table 1 and Figure 4). In a study by Bates et al conducted in southern West Virginia, similar 

increase in drug-abuse related IE admissions were witnessed.13 Data from the Center for 

Disease Control shows a similar trend of increase in IE related admissions, which is often 

referred to as the second waiver opioid crisis.3 Historically, IE related hospital stay has 

remained expensive and lengthy. This is because IE care involves a multidisciplinary team 

effort requiring participation of both medical and surgical specialties. IE patients must 

undergo surgery if medical therapy is not effective and especially if the patient develops 

heart failure, heart block, persistent bacteremia, or embolic complications.14 In addition, 

patients are commonly admitted to intensive care unit and high level of care.15,16 We noticed 

a decrease in length of stay, but higher cost of stay partially owing to increase in 

complications, critical care, and surgical procedures including valve replacement surgeries. 

Moreover, the burden of IE is not just limited to the cost of hospitalization but also on 

ancillary services like post-discharge care including rehabilitation facilities and long-term 

care facilities. The proportion of IE patients having a history of drug abuse is all-time high 

and is showing concerning trend and has almost doubled recently. Socioeconomic status has 

longed been linked with increase incidence of drug abuse history. Most of these patients are 

poor and belong to a lower socioeconomic class. Almost 70% of our patients had Medicare/

Medicaid insurance with the majority belonging to lower social-economic class.17–19

The predictors of inpatient mortality in IE are shown in Figure 6. Not surprisingly, severe 

comorbidities predicted higher mortality as shown in earlier studies.20 We also noticed better 

social-economic status predicting improved mortality. Private insurance predicted better 

outcomes but was probably a surrogate for social-economic status.21 Additionally, patients 

with private insurance tend to have better continuity of care as compared with patients with 

Medicare or self-pay. Patients with private insurance are more likely to have physician visits 

each year when compared with patients without private insurance. They are also more likely 

to be up-to-date on their routine screening and tend to have better control of chronic diseases 

like diabetes and hypertension. In addition to that dental coverage is often lacking with 

people that have Medicare as compared with private insurance.22

NIS is an administrative claim-based database that uses ICD-9-CM and ICD-10 codes, 

which are subject to error.23 However, we have selected codes that are studied before and are 

commonly utilized to analyze administrative datasets but there is still a potential for 

miscoding. Our study is a retrospective analysis and association does not mean casual 

relation. NIS collects data on in-patient discharges and each admission is registered as an 

independent event. It is possible that one patient may have more than one admission in the 

same or subsequent years. NIS censors data at discharge so long-term outcomes could not be 

ascertained from present dataset.24
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In conclusion, although mortality and length of stay has been on the decrease in IE patients, 

the average cost of hospital stay has increased. This trend was uniform in patients with drug 

abuse history even though their prevalence is increasing in US.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of our study.
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Figure 2. 
Trends in mortality in native valve infective endocarditis.
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Figure 3. 
(A) Trends in length of stay in native valve infective endocarditis (B) Trends in cost of stay 

in native valve infective endocarditis (C) Hospital procedures in native valve infective 

endocarditis
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Figure 4. 
Proportion of native valve infective endocarditis patients with drug abuse.
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Figure 5. 
(A) Mortality trends in native valve infective endocarditis with drug abuse. (B) Trends in 

cost of stay in native valve infective endocarditis with and without drug abuse (C). Trends in 

length of stay in native valve infective endocarditis with and without drug abuse.
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Figure 6. 
Predictors of mortality in native valve infective endocarditis.
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