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Background:Hospital-acquired infections (HAIs) are amajor cause of morbidity and

mortality in acute ischemic stroke patients. Although prior scoring systems have

been developed to predict pneumonia in ischemic stroke patients, these scores

were not designed to predict other infections.We sought to develop a simple scoring

system for any HAI.Methods: Patients admitted to our stroke center (July 2008-June

2012) were retrospectively assessed. Patients were excluded if they had an in-

hospital stroke, unknown time from symptom onset, or delay from symptom onset

to hospital arrival greater than 48 hours. Infections were diagnosed via clinical, lab-

oratory, and imaging modalities using standard definitions. A scoring system was

created to predict infections based on baseline patient characteristics. Results: Of

568 patients, 84 (14.8%) developed an infection during their stays. Patients who

developed infection were older (73 versus 64, P , .0001), more frequently diabetic

(43.9% versus 29.1%,P5.0077), and hadmore severe strokes on admission (National

Institutes of Health Stroke Scale [NIHSS] score 12 versus 5, P, .0001). Ranging from

0 to 7, the overall infection score consists of age 70 years or more (1 point), history of

diabetes (1 point), and NIHSS score (0-4 conferred 0 points, 5-15 conferred 3 points,

.15 conferred 5 points). Patients with an infection score of 4 or more were at 5 times

greater odds of developing an infection (odds ratio, 5.67; 95% confidence interval,

3.28-9.81; P , .0001). Conclusion: In our sample, clinical, laboratory, and imaging

information available at admission identified patients at risk for infections during

their acute hospitalizations. If validated in other populations, this score could assist

providers in predicting infections after ischemic stroke. Key Words: Infection—

acute ischemic stroke—outcome—risk factors—modeling.
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Hospital-acquired infections (HAIs) are a major cause

of morbidity and mortality among patients admitted

with an ischemic stroke.1 The National Healthcare Safety

Network defines an HAI, or nosocomial infection, as a

‘‘localized or systemic condition that is preventable and

results from an adverse reaction to the presence of an

infectious agent with no evidence that the infection was

present or incubating at the time of admission to the acute

care setting.’’2 Postischemic stroke infections are particu-

larly problematic because they increase the risk of death

and disability after discharge through fever, immobi-

lization of the patient, and end-organ damage resul-

ting from shock.3,4 Furthermore, infections are known

to complicate ischemic stroke recovery by increasing

hospital costs and by prolonging hospitalization.5-7

Although patient-related factors such as stroke severity

and age are indicators of outcome following acute

ischemic stroke (AIS), HAIs may also play a long-term

role.8-10 Prior research has shown that infections present

on admission (POA) are not associated with poor

outcomes after ischemic stroke, whereas HAIs are a

major contributor to poor functional outcomes.11 Urinary

tract infection (UTI), pneumonia (PNA), and bacteremia

are among the most common types of HAI, presenting a

barrier to long-term recovery in this population.6,12

Together, these 3 infection types comprise nearly half of

all HAIs.13

Early identification of risk factors for infection during

hospitalization for AIS is important, considering effective

management may prevent the development of an HAI

and subsequently improve long-term outcomes, although

this remains controversial.14-16 Prior research has shown

that infections occur more commonly in the acute phase

after ischemic stroke.17 Several investigators have identi-

fied risk factors for hospital-acquired PNA after stroke

and prediction models have been generated,18,19 but to

date, no model has been generated to assess the risk of

any nosocomial infection. The purpose of this study

was to develop a simple risk prediction model useful in

a broad spectrum of infection subtypes in patients

hospitalized for AIS.

Methods

Study Population

A retrospective analysis of previously collected data of

all patients with AIS who presented to our single aca-

demic institution between July 2008 and June 2012 was

performed using previously described methods.20 The

registry includes demographic variables, baseline clinical,

laboratory, medication, and imaging variables, as well as

inpatient clinical, laboratory, medication, and imaging

variables on all patients admitted with a stroke. Patients

were excluded if they were last seen normal more than

48 hours before admission, had an unknown time of

last seen normal, were transferred to our center from an

outside hospital, experienced an in-hospital stroke, or

had an infection POA (defined as an infection diagnosed

within the first 24 hours of admission).

Definition of Outcomes

All-cause HAIs were defined as any type of bacterial,

fungal, or viral infection. Infection types not included

in the detailed scoring mechanisms (eg, cellulitis, pseu-

domembranous colitis, meningitis, ventriculitis) were

diagnosed clinically or via laboratory/imaging findings.

Subsequent analyses were performed to assess predictors

of UTI, PNA, and bacteremia. UTIs were defined as more

than 100,000 colony-forming units per millimeter of urine

in a patient with signs and symptoms. Urinalysis, which

is ordered for all patients on admission as part of a stan-

dardized order set, distinguishes HAI from bacteriuria

POA. PNA was defined as an infiltrate on chest radiog-

raphy with appropriate clinical correlates, but is consid-

ered POA (and therefore excluded) if identified on

baseline chest radiography, which is also part of a stan-

dardized admission order set.21 Bacteremia was defined

as more than 100,000 colony-forming units in at least 2

venous blood samples (excluding contaminants). We

considered coagulase-negative staphylococci, diphthe-

roids, Micrococcus spp., Bacillus spp., and viridans group

streptococci as contaminants if these bacteria did not

grow out of all available blood culture vials from a given

date and time (eg, if only 1 of 2 blood culture vials speci-

ated the organism).

Statistical Analysis

We compared admission variables of interest between

patients who contracted an HAI and those who did not

contract an HAI. The Pearson chi-square (or the Fisher

exact test where appropriate) was used to compare pro-

portions. The Wilcoxon rank sum test was used to

compare medians of continuous data. A prediction score

for HAIs was created by dividing the patient sample into

a random sample of 55% of the data set (build group). The

remaining 45% constituted the test group. Once the score

was tested in the test group, the score was tested in the

entire data set. Logistic regression models were used to

assess the association between admission variables and

the outcome of interest, HAI. Every variable collected at

the time of admission as part of the registry was tested

in a univariable logistic regression model to assess

whether it was an independent predictor of HAIs. Inde-

pendent predictors of HAIs (eg, age, history of diabetes)

with P values .2 or less were considered for the final score

as score variables and were evaluated at different values

and dichotomizations by calculating the sensitivity and

specificity of each binary exposure. Further testing on

the categorized variable through crude logistic regres-

sion models to identify cutoff points was conducted.

Each continuous variable was evaluated using receiver
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