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Healthcare-associated infections (HAI) are generally preventable causes of increased cost,
morbidity, and mortality. Further, HAI carry penalties in the era of hospital value-based
care. However, very little is known about the incidence and outcomes of HAI among
patients hospitalized with common cardiovascular conditions. Using a national database,
we identified adults aged >18 years hospitalized with 5 common cardiovascular condi-
tions, including heart failure, acute myocardial infarction, coronary artery bypass graft-
ing, cardiogenic shock, and atrial fibrillation or flutter. We assessed for temporal trends in
incidence, cost, length of stay (LOS), and mortality associated with ventilator-associated
pneumonia, catheter-associated urinary tract infections, central line-associated blood-
stream infection, and Clostridium difficile infections. Between 2008 and 2015, we identified
159,021 hospitalizations >1 HAI (49.6 % heart failure, 20.4% acute myocardial infarction,
10.5% coronary artery bypass grafting, 18.6% cardiogenic shock, and 11.9% atrial fibril-
lation or flutter). Clostridium difficile infections (75.4%) were the most common followed
by catheter-associated urinary tract infections (15.1%), ventilator-associated pneumonia
(7.9%), and central line-associated bloodstream infection (3.1%). Nearly half of the
patients (46.3%) with HAI required discharge to a skilled care facility compared with
15.7% of patients who did not. After propensity matching, HAI remained associated with
an increased LOS (4.9 vs 9.6 days, p <0.0001), total hospital charges ($79,227 vs $50,699,
p <0.0001), and in-hospital mortality (13% vs 10.4%, p <0.0001) compared with patients
who did not acquire a HAIL In conclusion, patients with cardiovascular disease acquiring
a HAIT had substantially higher costs, LOS, and mortality. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:1140—1148)

Cardiovascular disease remains the most common cause
of death in the United States (US) and continues to repre-
sent a considerable burden on the healthcare system.'~
Currently, cardiovascular admissions represent roughly
25% of the 20 most expensive inpatient conditions.” A sub-
stantial portion of these healthcare resources are spent on
inpatient admissions.” ® As the population continues to
age and co-morbidities increase, these costs are likely to
increase. One factor associated with increased costs is
healthcare-associated infections (HAI), which are poten-
tially preventable.” However, the extent of this problem
and the association of HAI with clinical outcomes and uti-
lization for patients admitted with common cardiovascular
conditions are unknown. Using the National Inpatient

“Division of Cardiology, Yale University School of Medicine, New
Haven, Connecticut; bHarrington Heart and Vascular Institute, Case West-
ern Reserve University, Cleveland, Ohio; “Division of Cardiology, Univer-
sity of Texas Southwestern Medical Center, Dallas, Texas; dCenter for
Outcomes Research and Evaluation, New Haven, Connecticut; and °Divi-
sion of Cardiovascular Medicine, Ohio State University, Columbus, Ohio.
Manuscript received March 28, 2019; revised manuscript received and
accepted June 20, 2019.

Funding: None.

'These authors contributed equally.

See page 1147 for disclosure information.

*Corresponding author: Tel: (203) 785-6484; fax: (203) 785-2715.

E-mail address: elliott.miller@yale.edu (P.E. Miller).

0002-9149/© 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.amjcard.2019.06.029

Sample (NIS), we sought to define the magnitude of HAI
by assessing for national trends in cost, length of stay, and
mortality for those hospitalized for heart failure, cardio-
genic shock, atrial fibrillation/flutter (AF), acute myocar-
dial infarction (AMI), and coronary artery bypass grafting
(CABG).

Methods

Details on the NIS database have been previously well
described.” It contains a 20% sample of all inpatient hospi-
talizations (excluding observation status and psychiatric
hospitals), and captures procedures and diagnoses by
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) coding. In addition to
patient demographics, patient co-morbidities, in-hospital
outcomes, hospital characteristics, insurance status, and
cost are available.

In our study, we used data for the years 2008 through Sep-
tember 2015, which includes a design change to the NIS.’
Before 2012, the NIS included all inpatient discharges from
a random 20% of inpatient hospitals. After 2012, the NIS
database included 20% sampling of inpatient discharges
from all US hospitals. A new set of weights (“trendwt”) was
developed to allow for patient-level trend analysis for years
1993 to 2011.%'*"" Our analyses continued until September
2015 when the NIS went to ICD-10-CM coding. October to
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December 2015 was ICD-10-CM-coded data, and given the
challenges with cross walking ICD-9-CM and ICD-10-CM,
these months were excluded. The Institutional Review
Board at Yale University and Ohio State University consid-
ered this study exempt from formal review because the NIS
is a public database without patient identifiers.

Before designing this study, we identified the common
admission diagnoses which spanned the realms of cardiac
surgery, general and critical care cardiology. The diagnoses
thus identified were heart failure, AF, AMI, cardiogenic
shock, and CABG.'”""” We used ICD-9-CM codes to iden-
tify all hospitalized adults aged >18 years with a primary
diagnosis of HF (ICD-9-CM 425,428, 398.91, 402.01,
402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, or
404.93), AF (ICD-9-CM 427.31 or 427.32), or AMI (ICD-
9-CM 410). Additionally, adults with diagnosis of cardio-
genic shock (DX1 to DX30 in NIS, ICD-9-CM 785.51) or
procedural ICD-9-CM code of CABG (PR1 to PRI15 in
NIS, ICD-9-CM 36.1 or 36.2) were included. In this cohort
of 5 common cardiovascular admissions, we identified hos-
pitalizations with ventilator-associated pneumonia (VAP),
central line-associated bloodstream infection (CLABSI),
catheter-associated urinary tract infection (CAUTI), and
Clostridium difficile infection (CDI) using ICD-9 CM code
997.31, 996.64, 999.32, and 008.45, respectively. If 1 or
more of these infections occurred, it was defined as a HAI
hospitalization.

Consistent with previous studies,'® to better evaluate
conditions where the cohort was not defined by the primary
diagnosis, we used DXCCSI to identify cardiac discharge
diagnosis of coronary artery disease (101), valvular heart
disease (96), peripheral vascular disease (114 to 119),
arrhythmias (106, 107), hypertension (98, 99, 183, 249),
and ischemic stroke (109 to 113). ICD-9 CM codes 427.41
and 437.5 were utilized to identify the diagnosis of out-of-
hospital cardiac arrest. ICD-9-CM procedure codes or
PRCCS codes were used to identify procedures (eTable 1
in the Supplement). Patient co-morbidities were deter-
mined using Elixhauser-based co-morbidity measures
derived from ICD-9-CM coding."’

We assessed the trends in hospital costs and charges,
length of stay, in-hospital mortality, and discharge disposi-
tion for patients acquiring a HAI. Hospital charges were
multiplied with cost-to-charge ratios and wage index to cal-
culate total hospitalization costs and then adjusted for infla-
tion in 2015 US dollars.'®'" Finally, we assessed for
associations between HAI and procedures traditionally con-
sidered cardiac and noncardiac.

We used recommended analyses for survey data, includ-
ing specific statements (eg, SURVEYFREQ, SURVEY-
MEANS) to obtain descriptive statistics. National estimates
were acquired using patient and hospital-specific discharge
weights. The DOMAIN method was used to ensure esti-
mated statistics and measures of variance were accurate.””!
Continuous variables were assessed using survey-specific
linear regression, and the Cochrane Armitage test was used
for trends across categorical variables.

HAI incidence was calculated and presented per 100,000
hospitalizations for each diagnosis. Next, since there is a
difference in baseline risk and disease severity in HAI ver-
sus non-HAI patient populations, we used a propensity

score-matched design for survey data to account for
patient-level and hospital-level variables (eTable 2 in the
Supplement). We used an unfitted multivariable logistic
regression model to determine each patient’s propensity
of acquiring a HAIL. Per survey data recommendations,
NIS weights were used in the propensity estimation
model.”” Even though rates of urinary catheter use and
total parenteral nutrition was likely under-reported, they
were included in this model to account for infection risk.
The propensity score, generated by logistic regression,
represents the relation between multiple characteristics
and the dependent variable as a single characteristic. The
propensity score thus obtained (between 0 and 1) is uti-
lized by an 81 Digit Match algorithm which matches a
case to control at the eighth decimal point followed by
seventh decimal point followed by sixth decimal point
and so on using a greedy matching algorithm.”> We then
matched 2 non-HAI:1 HAI (2:1 match). Next, we exam-
ined trends in all the outcomes as described above over
time. Specifically, for Figure 2, insurance type was not
used in the propensity model described above (c-statis-
tic=0.8). Additionally, for Figure 3, procedures were not
included in the model (2008 to 2009, 2011 to 2012, and
2014 to 2015 c-statistic=0.74, 0.75, and 0.74, respec-
tively) since they are considered “in-hospital events”
which would likely increase mortality. Charges and
length of stay were log-transformed (natural log) because
they were not normally distributed, and geometric mean
was presented.”"”” A value of 0.0001 was imputed for
length of stay of 0 days to avoid negative log values. All
analyses were performed using SAS software, version 9.4
(SAS Institute Inc., Cary, North Carolina).

Results

From 2008 to 2015, the study included 17,889,852 hos-
pitalizations with 44.3% heart failure, 4.2% cardiogenic
shock, 20.5% AF, 26.2% AMI, and 9.4% CABG. Of these,
we identified 158,971 hospitalizations from NIS with at
least 1 HAIL Overall, the most common HAI was CDI
(75.4%) followed by CAUTI (15.1%), VAP (7.9%), and
CLABSI (3.1%) (eTable 3 in the Supplement). Of the 5
included admission diagnoses, cardiogenic shock (4%) was
most commonly associated with HAIs. Since 2008, there
was a trend toward increased HAIs for patients hospitalized
for heart failure (pyeng=0.0003), cardiogenic shock (Pyend
<0.0001), and atrial fibrillation/flutter (p=0.02; Figure 1).
However, the overall incidence of HAI remained
unchanged for patients admitted for AMI and CABG.

Patient demographics and hospital characteristics
among hospitalizations with HAI over time are shown in
Table 1. There were no differences in the occurrence of
HAISs based upon gender or race/ethnicity. Over the study
period, infection events increased in patients in the lowest
income quartile while decreasing in the highest income
quartile (p=0.0016). We found that cardiovascular dis-
charge diagnoses decreased, whereas noncardiovascular
diagnoses, with respiratory and infectious diagnoses,
increasing from 5.6% to 14.3% (p <0.0001). Similarly,
noncardiovascular co-morbidities, including anemia,
chronic liver and kidney disease, thyroid disease, fluid/
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Figure 1. Incidence per 100,000 hospitalizations.

electrolyte disorders, and substance abuse increased in
frequency for patients acquiring a HAI (p <0.0001).
Demographic and hospital characteristics stratified by
each of the 5 diagnoses (eTable 4) and HAI versus non-
HALI (eTable 5) are found in the Supplement.

During the study period, there was a stable incidence
of HAIs in patients undergoing procedures that have tra-
ditionally been considered cardiac and an increase in
HAIs in “non-traditional” cardiovascular procedures.
Patients undergoing intra-aortic balloon pump, coronary
angiography with or without coronary intervention, abla-
tion, pacemaker placement, and pulmonary artery cathe-
ters, showed a stable incidence of HAI (p >0.05 for all;
eTable 6 in the Supplement). Both percutaneous left ven-
tricular assist devices and extracorporeal membrane oxy-
genation showed an increased association with HAIL In
contrast, many noncardiac procedures, such as invasive
and noninvasive mechanical ventilation, hemodialysis, and

bronchoscopy, were associated with a temporal increase in
HAIs (p <0.0001 for all).

Nearly 85% of HAI hospitalizations were billed to either
Medicare or Medicaid. Since 2008, Medicare as the pay-
ment source has decreased from 81.3% to 76.7% of HAI
stays. Alternatively, there has been in increase in Medicaid
charges from 4.3% to 7.7% (Table 2). In 2008, the mean
total hospital charge (+SE) for a hospitalization with a HAI
increased from $63,075 (£$2,715) to $85,372 (£2657)
(p <0.0001). In our full-adjusted model, excluding insur-
ance type, hospitalizations associated with at least 1 HAI
showed a greater increase in charges compared with
non-HAI hospitalizations ($18,564 in HAI vs $9,712 per
HAI vs non-HAI hospitalization in the 7 years considered,
p <0.0001; Figure 2). All insurance types showed an
increase in total charges with exception of Medicaid
(Pwena =0.24), which was associated with the highest
charges throughout the study period.
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Table 1

Patient-level characteristics for hospitalizations with HAI by calendar year

HAI 2008 2009 2010 2011 2012 2013 2014 2015%* p value

(n=159,021) (n=18,564) (n=20,215) (n=18,267) (n=21,655) (n=21,320) (n=20,975) (n=21,085) (n=16,940)

Age (years) (mean £ SE) 76.2 £0.29 74.5 £0.35 74.8 £0.35 73.9+0.36 72.6 £0.26 73.1£0.24 71.8 £0.26 72 £0.27 <0.0001
18—39 years 1.0% 1.4% 1.8% 1.7% 1.9% 1.8% 2.5% 2.3% <0.0001
40—-59 years 9.1% 11.8% 11.2% 13.0% 14.9% 13.6% 15.3% 14.6%

60—79 years 42.7% 455 44.4% 45.4% 46.5% 46.7% 48.8% 50.2%
>80 years 47.2% 41.2% 42.6% 40.0% 36.7% 38.0% 33.3% 32.9%
>65 years 83.1% 78.7% 78.8% 76.8% 74.7% 76.0% 72.9% 73.6% <0.0001

Women 54.6% 51.6% 53.7% 52.9% 51.9% 51.9% 50.3% 49.6% 0.0032

Race 0.34
White 77.2% 78.0% 76.7% 75.2% 73.6% 75.4% 73.2% 72.8%

Black 11.1% 11.0% 13.1% 12.6% 14.0% 13.1% 14.4% 15.5%
Hispanic 6.2% 6.0% 5.6% 7.0% 6.7% 6.8% 6.7% 6.7%
Other 5.6% 5.0% 4.6% 5.3% 5.7% 4.7% 5.8% 4.9%

Income quartiles’ 0.0016

0-25 26% 25.2% 25.3% 26.8% 29.8% 27.4% 28.9% 31.1%
26—50 26% 24.3% 24.8% 23.3% 22.6% 25.8% 27.5% 25.3%
51-75 23.5% 25.3% 25.4% 26.6% 24.3% 23.6% 23.0% 23.4%

76—100 24.5% 25.2% 24.5% 23.3% 23.4% 23.2% 20.7% 20.1%

Discharge diagnoses

Coronary artery disease 5.5% 5.5% 4.4% 4.5% 4.4% 3.7% 3.5% 3.6% <0.0001

Acute coronary syndrome 22.1% 23.0% 21.1% 20.0% 20.9% 19.8% 18.7% 17.9% <0.0001

Heart failure 47.4% 49.5% 50.7% 49.5% 46.6% 48.3% 48.6% 48.3% 0.0038

Cardiac arrest* 0.1% 0.2% 0.2% 0.5% 0.2% 0.5% 0.7% 0.4% <0.0001

Valvular heart disease 2.0% 2.6% 1.9% 2.4% 2.4% 2.4% 1.9% 2.1% 0.64

Peripheral vascular disease 0.3% 0.6% 0.5% 0.5% 0.7% 0.5% 0.5% 0.5% 0.33

Arrhythmia 11.7% 11.4% 13.3% 12.3% 12.9% 13.9% 12.6% 12.6% 0.03

Hypertension 3.3% 3.0% 3.8% 42% 4.1% 4.4% 5.3% 5.4% <0.0001

Stroke 0.05% 0.2% 0.2% 0.2% 0.3% 0.1% 0.3% 0.2% 0.16

Respiratory diagnosis 0.9% 0.8% 0.9% 1.3% 1.3% 1.2% 1.7% 1.3% 0.004

Infectious diagnosis 2.3% 2.9% 3.3% 4.9% 5.1% 5.4% 6.1% 7.1% <0.0001

Co-morbidities

Cardiomyopathy 19.5% 25.0% 24.9% 24.5% 24.6% 25.7% 28.1% 28.4% <0.0001

Peripheral vascular disease 13.5% 13.6% 14.0% 16.7% 16.2% 16.3% 16.2% 16.7% <0.0001

Valvular heart disease 2.3% 3.4% 3.3% 3.7% 3.5% 4.4% 3.3% 4.3% 0.0002

Hypertension 57.9% 59.6% 61.6% 63.4% 64.0% 64.9% 65.4% 65.2% <0.0001

Diabetes m\mellitus 34.5% 36.1% 35.5% 39.6% 40.8% 40.3% 40.3% 41.7% <0.0001

Obesity 7.6% 9.8% 10.1% 14.0% 16.3% 16.2% 18.3% 18.7% <0.0001

Smoker 7.0% 13.1% 15.6% 17.6% 17.9% 18.8% 23.5% 26.7% <0.0001

Weight loss 12.6% 15.9% 16.0% 19.0% 18.4% 17.8% 18.6% 18.7% <0.0001

AIDS 0.2% 0.4% 0.3% 0.2% 0.5% 0.2% 0.5% 0.4% 0.09

Anemia 30.5% 33.5% 35.6% 37.5% 37.4% 37.1% 36.7% 38.0% <0.0001

Arthritis and collagen 2.7% 2.4% 3.2% 4.0% 3.3% 3.5% 4.1% 4.3% <0.0001
vascular disease

Cancer 5.7% 5.4% 5.5% 5.8% 6.2% 5.7% 5.7% 6.1% 0.74

(continued on next page)

ASDISI(] ADJNISDAOIPAD)) PUD SUONIIJUT PIIDIIOSS Y -2DIYIIDIE/SNOIUD]]IISTI

(341!



Table 1 (Continued)

HAI 2008 2009 2010 2011 2012 2013 2014 2015* p value
(n=159,021) (n=18,564) (n=20,215) (n=18,267) (n=21,655) (n=21,320) (n=20,975) (n=21,085) (n=16,940)
Chronic liver disease 2.3% 2.4% 2.6% 2.9% 3.6% 3.6% 5.2% 5.1% <0.0001
Chronic renal disease 35.9% 37.9% 40.2% 42.5% 43.9% 45.7% 47.1% 47.5% <0.0001
Chronic lung disease 30.5% 31.2% 31.5% 32.3% 31.9% 31.6% 31.4% 31.3% 0.88
Hypothyroidism 13.1% 13.8% 14.9% 16.3% 16.7% 17.2% 17.8% 17.1% <0.0001
Psychiatric 10.8% 11.1% 12.3% 14.2% 13.4% 14.9% 15.2% 15.1% <0.0001
Fluid/electrolyte disorder 43.7% 49.3% 49.1% 53.6% 55.2% 56.1% 60.0% 61.3% <0.0001
Coagulation disorder 8.7% 12.6% 12.0% 14.6% 15.4% 14.4% 16.0% 16.5% <0.0001
Substance abuse 2.6% 2.7% 2.7% 3.6% 4.0% 4.7% 5.6% 5.5% <0.0001
Hospital characteristics
Teaching hospital 50.9% 53.0% 50.7% 54.9% 58.7% 57.8% 68.8% 70.2% <0.0001
Bed size <0.0001

Small 11.6% 9.6% 9.4% 9.0% 10.2% 10.9% 15.2% 14.5%

Medium 22.2% 20.4% 22.2% 22.1% 23.7% 23.8% 25.8% 27.0%

Large 66.2% 70.0% 68.5% 68.9% 66.1% 65.3% 59.0% 58.4%
Region 0.92

Northeast 26.2% 24.0% 24% 24.8% 23.5% 23.1% 21.2% 19.7%

Midwest 26.4% 25.3% 24.8% 22.9% 24.0% 22.6% 22.0% 23.8%

South 31.8% 33.7% 33.7% 34.3% 35.6% 36.5% 38.1% 37.3%

West 15.6% 17.0% 17.5% 18.1% 17.0% 17.9% 17.8% 19.2%

* Only data until September 2015 presented.
"Median household income quartiles based on patient zip code.

£ Qut-of-hospital.
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Table 2

Cost and outcomes for hospitalizations with HAI by calendar year

HAI 2008 2009 2010 2011 2012 2013 2014 2015% p value
(n=159,021) (n=18,564) (n=20,215) (n=18,267) (n=21,655) (n=21,320) (n=20,975) (n=21,085) (n=16,940)

Payment source 0.0008
Medicare 81.3% 77.7% 78.2% 79.0% 77.9% 79.3% 76.4% 76.7%

Medicaid 4.3% 6.2% 6.3% 5.6% 6.3% 6.5% 7.6% 7.7%

Private 11.7% 12.5% 12.0% 11.9% 12.8% 11.2% 13.0% 12.5%

Self-Pay 1.1% 2.0% 1.6% 1.6% 1.2% 1.5% 1.4% 1.1%

Others 1.6% 1.6% 1.3% 1.3% 1.8% 1.5% 1.7% 2.0%

Outcomes

Length of stay (mean + SE, d) 9.4+03 10.1 £ 0.3 92+03 9.6 +0.4 9.8+0.2 94402 9.6+0.2 94+02 0.59
Total hospital charges (mean & SE, US$) 63,075 £2,715 75,073 £3,762 70,503 £2,732 81,902 £4,669 82,805 +2,617 80,864 £2,554 87,393 £2,759 85372 +£2,657 <0.0001
Total hospital costs (mean £ SE, US$) 22,164 £ 812 24,512 £ 1,106 22,499 £ 778 24,957 £ 1,641 24,819 £ 781 23,441 £ 727 24,565 £ 766 23,229 £ 720 0.4
Unadjusted mortality 11.7% 13.2% 12.3% 12.5% 13.1% 12.7% 12.9% 14.6% 0.14
Disposition 0.0002
Home 18.5% 16.9% 18.1% 17.4% 19.0% 19.1% 18.2% 18.9%

Short-term hospital 3.3% 2.6% 3.0% 3.0% 3.2% 3.2% 3.4% 3.2%

Skilled care facility 48.3% 47.9% 46.4% 48.4% 45.6% 46.1% 44.9% 42.9%

Home health care 18% 19.2% 19.7% 18.4% 18.6% 18.5% 20.2% 19.4%

Against medical advice 0.2% 0.2% 0.2% 0.3% 0.4% 0.3% 0.4% 0.9%

Unknown 0.1% 0.2% 0.2% 0.3% 0.1% 0.2% 0.1% 0.1%

*Only data until September 2015 presented.
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Figure 2. Trends in hospital charges by insurance type in a fully propensity/risk adjusted model.

p-trends presented of geometric means after log transforming the values.

In unadjusted analyses, hospitalizations associated with
at least 1 HAI spent a mean of 6.6 days longer in the hospi-
tal were charged $42,470 more, and had an 8.9% increased
risk of in-hospital mortality (p <0.0001 for all; eTable 4 in
the Supplement). Figure 3 shows the in-hospital mortality
for unadjusted and propensity score-matched analyses from
3 different time cohorts (2008 to 2009, 2011 to 2012, and
2014 to 2015). Over the study period, in-hospital mortality

continued to increase in both unadjusted and matched
cohorts. In our modern cohort (2014 to 2015), hospitaliza-
tions associated with at least 1 HAI had an in-hospital mor-
tality of 13.6% compared with 12.0% for non-HAI hospital
stays (p=0.001). Supplemental Figures 1A and 1B show
the unadjusted mortality stratified by HAI type and cardio-
vascular condition. Length of stay was higher in those with
HAI (9.6 vs 4.9 days, p <0.0001), but remained similar

Mortality
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Figure 3. In-hospital mortality in our unadjusted and fully propensity/risk adjusted model for 3 different time periods
All p values <0.0001 except * =0.001, odds ratio (confidence interval) for adjusted models 2008 to 2009 cohort, 2011 to 2012 cohort, and 2014 to 2015

cohort 1.6 (1.4 to 1.8), 1.2 (1.1 to 1.3), and 1.2 (1.1 to 1.3), respectively.
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over time (eFigure 2 in the Supplement). Less than 20% of
patients with a HAI were discharged home while over 40%
required discharge to a skilled nursing facility (eFigure 3 in
the Supplement). Comparatively, only 15.7% of non-HAI
patients required discharge to a skilled nursing facility.

Discussion

This national study of 5 common cardiovascular condi-
tions demonstrates that the occurrence of even 1 HAI was
associated with a substantial increase in cost, length of stay,
and in-hospital mortality. Compared with patients not
acquiring a HAI, we found that patients who develop 1 of
these generally preventable infections were associated with
an absolute 8.9% increase in in-hospital mortality. Mean
charges were 2.3 times higher and the length of stay was
6.6 days longer. Further, nearly 45% hospitalizations asso-
ciated with a hospital infection required discharge to a
skilled nursing facility, incurring additional costs both to
the patient and the healthcare system.

To our knowledge, this is the first nationwide study of
these 5 specific cardiovascular diagnoses detailing associa-
tions between cost, length of stay, and mortality associated
with HAIs. Although it is intuitive that infectious complica-
tions would portend poorer outcomes, the scope and magni-
tude of this problem has not been well described.
Specifically, information on HAIs in patients admitted with
cardiovascular disease is sparse. In our study, each of the 5
diagnoses had substantially different rates of each infection.
For instance, patients with cardiogenic shock had a greater
incidence of VAP, which is most likely due to higher rates
of mechanical ventilation.”® Although broad HAI data are
available,””’" diverse patient populations have varying
exposures (procedures, devices, catheters, etc.), which
requires identification of at-risk populations, as well as tai-
lored interventions to prevent or reduce complications.

In 2000, the Institute of Medicine released To Err Is
Human, which estimated that 44,000 to 98,000 patlents
died yearly due to their exposure to the healthcare system.”
Since then, there has been a greater focus on HAI preven-
tion, as well as the creation of several surveillance pro-
grams, including the NHSN, the Medicare Patient Safety
Monitoring System (MPSMS), and several state-level pro-
grams. However, no single surveillance system can collect
all infectious complications for all inpatient hospitalizations
in the United States. Each has limitations partially drlven by
HAI definition, sampling, and the infections reported.”

A recent analysis from the Emerging Infectious Program
found a HAI prevalence of 3.2% in a random sample of
12,299 patients from 199 hospitals.’%() In contrast, our inci-
dence levels were substantially lower, which likely reflects
differences in HAI identification and our reliance on ICD-
9-CM codes. Among those identified as having a HAI, we
found a trend toward an increased incidence of HAI for
patients admitted with HF, AF, and cardiogenic shock. The
etiology for the increase in these patient populations is
unclear. One possible explanation could be the temporal
increase in noncardiac co-morbidities and a greater expo-
sure to noncardiac procedures, which increases opportunity
for infectious complication. Another possibility could be an
increase in ICD-9-CM coding intensity.

Over the study period, device-associated infection
(CLABSI and CAUTI) estimates remained generally
unchanged, which may reflect the greater emphasis on
device-associated infection prevention.”® Alternatively, we
found an increase in CDI, which was the most common
infectious complication in our cohort. In a recent multistate
review of HAISs, sponsored by the Centers for Disease Con-
trol and Prevention, Magill et al similarly found fewer
device-associated infections and a larger proportion of CDI
than expected.”® Although this could potentially be due to
the CDI definition used or an increased detection with more
sensitive assays, these results highlight the increasing need
for CDI prevention strategies.

There are several limitations of our study that warrant
consideration. First, there are inherent limitations with
administrative claim data, including the observational
nature of our study and the inability to definitively deter-
mine causality between HAI and the outcomes studied.
Second, due to under-reporting, our choice of ICD-9-CM
codes used to determine HAIs likely underestimated our
reported incidence.”' However, the hospitalizations we
identified with HAIs likely represent true events, given
the known penalties with HAI, and therefore, an accurate
representation of outcomes. Although the incidence may
be low, there is minimal reason to believe that properly
coded HAIs represent a different population than those
not coded properly. Third, it is possible that the longer
length of stays associated with HAIs could reflect a greater
exposure or opportunity for infectious complications as
opposed to HAIs extending the hospitalization. It is also
possible that the higher mortality in the HAI population
was due to a selection bias of a sicker population with
more co-morbidities than our non-HAI comparison group.
We attempted to address this by using robust propensity
matching, which resulted in suitable discrimination
(model C statistic, 0.80) and persistence of our findings.
However, there is likely residual confounding. Finally,
with the exception on C. difficile, we were unable to iden-
tify specific infectious species.

Patients hospitalized for 5 common cardiovascular con-
ditions, who acquired at least 1 HAI, had substantially
higher costs, length of stay, and mortality compared with
those without a HAI. Among patients admitted with a pri-
mary cardiovascular etiology, there has been a temporal
increase in infectious complications for patients with non-
cardiac co-morbidities and those requiring traditionally
noncardiac procedures. Further research and awareness
are needed to address disease-specific susceptibilities, in
order to prevent these avoidable causes of morbidity and
mortality.
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