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Abstract Infections represent a leading cause of mortality

in patients with acute ischemic stroke, but it is unclear

whether prophylactic antibiotic treatment improves the

outcome. We aimed to evaluate the effects of this treatment

on infection incidence and short-term mortality. This was a

pragmatic, prospective multicenter real-world analysis of

previously independent consecutive patients with acute

ischemic stroke who were [18 years, and who had at

admission National Institutes of Health Stroke Scale

(NIHSS) [11. Patients with infection at admission or

during the preceding month, with axillary temperature at

admission[37 �C, with chronic inflammatory diseases or

under treatment with corticosteroids were excluded from

the study. Among 110 patients (44.5 % males,

80.2 ± 6.8 years), 31 (28.2 %) received prophylactic

antibiotic treatment, mostly cefuroxime (n = 21). Pro-

phylactic antibiotic treatment was administered to 51.4 %

of patients who developed infection, and to 16.4 % of

patients who did not (p\ 0.001). Independent predictors of

infection were NIHSS at admission [relative risk (RR)

1.16, 95 % confidence interval (CI) 1.08–1.26, p\ 0.001]

and prophylactic antibiotic treatment (RR 5.84, 95 % CI

2.03–16.79, p\ 0.001). The proportion of patients who

received prophylactic antibiotic treatment did not differ

between patients who died during hospitalization and those

discharged, or between patients who died during hospital-

ization or during follow-up and those who were alive

3 months after discharge. Prophylactic administration of

antibiotics in patients with severe acute ischemic stroke is

associated with an increased risk of infection during hos-

pitalization, and does not affect short-term mortality risk.

Keywords Antibiotic prophylaxis � Acute ischemic

stroke � Pneumonia � Urinary tract infection � Decubitus
ulcer infection � Outcome � Stroke-related infection

Introduction

Infections develop in more than one-third of patients hos-

pitalized for acute ischemic stroke [1–5]. Aspiration-asso-

ciated aspiration, urinary tract infections due to placement

of indwelling urinary catheters and decubitus ulcer infec-

tions are the most common infections in these patients [5–

7]. Older patients and those with more severe stroke have

the highest risk for infections [1, 8]. Infections, and
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particularly pneumonia, represent a leading cause of mor-

tality in patients with acute stroke, and are also associated

with worse functional outcomes [2–4, 8].

Given the high incidence of infections in patients with

acute ischemic stroke and the association between infection

and adverse outcome, several studies evaluated whether

prophylactic administration of antibiotics might reduce the

risk of infection and improve the outcome of these patients

[9–14]. However, these studies reported conflicting results.

In one study, prophylactic administration of antibiotics

reduces the risk of infections, and is associated with better

functional outcome [11]. In contrast, the incidence of

infection is not affected by antibiotic prophylaxis in other

studies [10–14], or is even increased in an early report [14],

whereas the functional outcome is either the same [12], or

worse in those who receive antibiotic prophylaxis [13].

Accordingly, current guidelines do not recommend the use of

prophylactic antibiotics in patients with acute stroke [15].

The aim of the present study was to evaluate whether

prophylactic administration of antibiotics in patients

admitted with severe acute ischemic stroke affects the

incidence of infection during hospitalization and the in-

hospital and short-term mortality.

Patients and methods

This was a pragmatic, prospective multicenter real-world

analysis of previously independent [defined as modified

Rankin scale (mRS) prior to stroke \2] consecutive

patients with acute ischemic stroke who were[18 years,

who had at admission National Institutes of Health Stroke

Scale (NIHSS)[11 and a modified Rankin Scale (mRS)

C3. Patients with infection at admission or during the

preceding month, with axillary temperature at admission

[37 �C, with chronic inflammatory diseases or under

treatment with corticosteroids were excluded from the

study. The presence of infection on admission was assessed

by taking into consideration findings which could be sug-

gestive of infection and could be identified during clinical

examination (e.g., dyspnoea, tachypnoea, fever, fine

crackles at auscultation of the thorax, and dysuria), labo-

ratory examinations (e.g., C-reactive protein, leukocyte

count, and urine examination), and imaging techniques

(e.g., chest X-ray). The study was performed under the

auspices of the Internal Medicine Society of Northern

Greece.

At admission, demographic data (age and gender), his-

tory of cardiovascular risk factors [hypertension, type 2

diabetes mellitus (T2DM), atrial fibrillation, smoking,

alcohol intake, and family history of premature cardio-

vascular disease (CVD)], history of concomitant CVD

(coronary heart disease (CHD) or previous ischemic

stroke), and pharmacological treatment were recorded.

Anthropometric parameters (weight and height) and sys-

tolic and diastolic blood pressure were also measured.

Routine laboratory investigations were performed after

overnight fasting on the first day after admission, and

included serum levels of glucose, total cholesterol, high-

density lipoprotein cholesterol, triglycerides (TG), crea-

tinine, and uric acid. Low-density lipoprotein cholesterol

levels were calculated using Friedewald’s formula [16].

Glomerular filtration rate (GFR) was estimated using the

Modification of Diet in Renal Disease equation [17].

Chronic kidney disease was defined as estimated GFR

\60 ml/min/1.73 m2. All patients underwent brain com-

puted tomography at admission, and a second brain com-

puted tomography was performed if clinically indicated.

Clinical decisions about the administration of prophy-

lactic antibiotic treatment, the selection of antibiotic, the

timing of initiation, and the duration of treatment were

made by the treating physicians based on parameters such

as stroke severity, presence of dysphagia, early signs of

impending infection, and presence of a urinary catheter.

Pneumonia was diagnosed if a patient had two or more

serial chest radiographs with at least one of the following:

new or progressive and persistent infiltrate, consolidation

or cavitation; and also had at least 1 of the following:

(a) fever ([38 �C) with no other recognized cause,

(b) white blood cells C12,000/mm3 or \4000/mm3, or

(c) in patients[70 year-old, altered mental status with no

other recognized cause; and also had at least two of the

following: (a) new onset of purulent sputum or change in

character of sputum, or increased respiratory secretions, or

increased suctioning requirements, (b) new onset or wors-

ening cough, or dyspnea, or tachypnea, (c) rales or bron-

chial breath sounds, or (d) worsening gas exchange [e.g.,

O2 desaturations (e.g., PaO2/FiO2 B240)], increased oxy-

gen requirements [18]. Urinary tract infection was diag-

nosed if a patient developed at least one of the following

signs or symptoms with no other recognized cause:

(a) fever ([38 �C), (b) urgency, (c) frequency, (d) dysuria,
or (e) suprapubic tenderness, and the patient had a positive

urine culture (i.e., C105 microorganisms per cc of urine

with no more than two species of microorganisms) [18].

Decubitus ulcer infection was diagnosed if a patient

developed at least two of the following signs or symptoms

with no other recognized cause: (a) redness, (b) tenderness,

or (c) swelling of decubitus wound edges, and at least one

of the following: (a) microorganisms cultured from prop-

erly collected fluid or tissue from the ulcer or (b) microor-

ganisms cultured from blood [18]. All patients were

systemically evaluated for development of any of these

infections during their hospitalization by means of physical
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examination, laboratory investigation, blood, urine, and

decubitus ulcer culture, and imaging.

At 3 months after discharge, patients or their proxy were

contacted by phone and the mRS, and the occurrence and

cause of death were recorded.

Statistical analysis

All data were analyzed with the statistical package SPSS

(version 17.0; SPSS, Chicago, IL, USA). Data are pre-

sented as percentages for categorical variables and as mean

and standard deviation or as median and range for con-

tinuous variables. Differences in categorical variables

between groups were assessed with the Chi-squared test.

Differences in continuous variables between groups were

assessed with the independent samples t test. Binary

logistic regression analysis was used to identify indepen-

dent predictors of in-hospital infection and in-hospital and

3-month mortality. In all cases, a two-tailed p\ 0.05 was

considered significant.

Results

Among 110 patients (44.5 % males, 80.2 ± 6.8 years), 31

(28.2 %) received prophylactic antibiotic treatment, mostly

cefuroxime (n = 21; other antibiotics administered inclu-

ded ampicillin/sulbactam (n = 5), piperacillin/tazobactam

(n = 3), amoxicillin/clavulanate (n = 1), and cefoxitin

(n = 1). Prophylactic antibiotic treatment was started

during the first, second, and third day of hospitalization in

19, 8, and 4 patients, respectively, and was administered

for a median of 5 days (range 2–13 days). Differences

between patients who received prophylactic antibiotic

treatment and those who did not are shown in Table 1. The

former had a higher prevalence of T2DM (p\ 0.001) and

longer duration of T2DM (p\ 0.05), higher prevalence of

CHD (p\ 0.05), higher body mass index (p\ 0.05),

higher TG and glucose levels (p\ 0.001 and p\ 0.05,

respectively), and higher mRS (p\ 0.001) than the latter.

Patients’ characteristics at admission are summarized in

Table 2.

Table 1 Characteristics of patients who received prophylactic antibiotic treatment and those who did not

Patient characteristics Patients who received

prophylactic antibiotic

treatment (n = 31)

Patients who did not

receive prophylactic

antibiotic treatment (n = 79)

p

Age (years) 79.5 ± 5.5 80.4 ± 7.2 NS

Males (%) 38.7 46.8 NS

Hypertension (%) 87.1 78.5 NS

Type 2 diabetes mellitus (%) 45.2 12.7 \0.001

Duration of type 2 diabetes mellitus (years) 13.4 ± 5.7 6.9 ± 5.7 \0.05

Atrial fibrillation (%) 38.7 43.0 NS

Smoking (current/past, %) 3.2/25.8 12.7/24.1 NS

Package-years 59 ± 37 40 ± 27 NS

Alcohol intake (units/week) 3.3 ± 1.1 10.1 ± 11.7 NS

Family history of cardiovascular disease (%) 45.2 26.6 NS

Coronary heart disease (%) 38.7 17.7 \0.05

Previous ischemic stroke (%) 35.5 27.8 NS

Chronic kidney disease (%) 20.7 39.5 NS

Overweight/obese (%) 16.1/45.2 25.3/57.3 NS

Body mass index (kg/m2) 29.1 ± 3.9 27.1 ± 3.6 \0.05

Systolic blood pressure (mmHg) 165 ± 23 154 ± 26 NS

Diastolic blood pressure (mmHg) 86 ± 10 84 ± 15 NS

Glucose (mg/dl) 163 ± 72 131 ± 34 \0.05

Low-density lipoprotein cholesterol (mg/dl) 137 ± 46 126 ± 43 NS

High-density lipoprotein cholesterol (mg/dl) 43 ± 12 48 ± 16 NS

Triglycerides (mg/dl) 153 ± 55 115 ± 47 \0.001

Uric acid (mg/dl) 5.5 ± 2.1 5.5 ± 1.6 NS

Estimated glomerular filtration rate (ml/min/1.73 m2) 72 ± 19 68 ± 23 NS

National Institutes of Health Stroke Scale score 19.2 ± 6.8 18.9 ± 6.5 NS

Modified Rankin Scale score (3/4/5) (%) 3.2/41.9/54.8 40.5/20.3/39.2 \0.001
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During hospitalization, 37 patients developed an infec-

tion (33.6 % of the study population). The most common

infections were pneumonia (n = 17) and urinary tract

infection (n = 15); five patients developed decubitus ulcer

infection. Prophylactic antibiotic treatment was adminis-

tered to 51.4 % of patients who developed an infection, and

to 16.4 % of patients who did not develop an infection

(p\ 0.001). Patients who developed an infection had

higher NIHSS at admission than those who did not develop

an infection (22.7 ± 7.9 and 17.1 ± 4.9, respectively;

p\ 0.001), and also had more adverse mRS at admission

(i.e., the proportion of patients with mRS of 3, 4, and 5,

respectively, was 13.5, 13.5, and 73.0 % in the former and

38.4, 32.9, and 28.8 % in the latter; p\ 0.001). In binary

logistic regression analysis, independent predictors of

infection were NIHSS at admission [relative risk (RR)

1.16, 95 % confidence interval (CI) 1.08–1.26, p\ 0.001]

and prophylactic antibiotic treatment (RR 5.84, 95 % CI

2.03–16.79, p\ 0.001).

Twenty-three patients died during hospitalization

(20.9 % of the study population). The most common causes

of death were stroke (n = 11) and pneumonia (n = 10);

two patients died of respiratory failure and myocardial

infarction, respectively. At admission, patients who died

during hospitalization had higher HDL-C levels than those

who were discharged (56 ± 21 and 45 ± 12, respectively;

p\ 0.05), higher serum glucose levels (163 ± 66 and

134 ± 43, respectively; p\ 0.01), higher NIHSS

(25.1 ± 8.0 and 17.4 ± 5.1, respectively; p\ 0.001), and

more adverse mRS (i.e., the proportion of patients with

mRS of 3, 4 and 5, respectively, was 0.0, 4.3, and 95.7 %

in the former and 37.9, 32.2, and 29.9 % in the latter;

p\ 0.001). The proportion of patients who received pro-

phylactic antibiotic treatment did not differ between

patients who died during hospitalization and those who

were discharged (21.7 and 29.9 %, respectively; p = NS).

In binary logistic regression analysis, independent predic-

tors of in-hospital mortality were NIHSS at admission (RR

1.19, 95 % CI 1.09–1.30, p\ 0.001) and HDL-C levels at

admission (RR 1.05, 95 % CI 1.01–1.09, p\ 0.05).

During the 3 months of follow-up, seven patients died

(i.e., 8.0 % of patients who were discharged from the

hospital). Causes of death included recurrent ischemic

stroke (n = 3), myocardial infarction (n = 2), and pneu-

monia (n = 2). Patients who died during hospitalization or

during follow-up had higher serum glucose levels at

admission than those who were alive 3 months after dis-

charge (157 ± 61 and 134 ± 43, respectively; p\ 0.05),

Table 2 Patient characteristics

at admission
Patient characteristics

Age (years) 80.2 ± 6.8

Males (%) 44.5

Hypertension (%) 80.9

Type 2 diabetes mellitus (%) 21.8

Duration of type 2 diabetes mellitus (years) 10.5 ± 6.5

Atrial fibrillation (%) 41.8

Smoking (current/past, %) 10.0/24.5

Package-years 44.1 ± 30.5

Alcohol intake (units/week) 8.9 ± 10.8

Family history of cardiovascular disease (%) 31.8

Coronary heart disease (%) 23.6

Previous ischemic stroke (%) 30.0

Chronic kidney disease (%) 34.3

Overweight/obese (%) 53.8/23.6

Body mass index (kg/m2) 27.7 ± 3.8

Systolic blood pressure (mmHg) 157 ± 25

Diastolic blood pressure (mmHg) 85 ± 14

Glucose (mg/dl) 140 ± 50

Low-density lipoprotein cholesterol (mg/dl) 129 ± 44

High-density lipoprotein cholesterol (mg/dl) 47 ± 15

Triglycerides (mg/dl) 126 ± 52

Uric acid (mg/dl) 5.5 ± 1.7

Estimated glomerular filtration rate (ml/min/1.73 m2) 69 ± 22

National Institutes of Health Stroke Scale score 18.9 ± 6.6

Modified Rankin Scale score (3/4/5) (%) 30.0/26.4/43.6
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higher NIHSS (23.9 ± 8.3 and 17.1 ± 4.7, respectively;

p\ 0.001), and more adverse mRS (i.e., the proportion of

patients with mRS of 3, 4, and 5, respectively, was 3.3, 6.7,

and 90.0 % in the former and 40.0, 33.8, and 26.3 % in the

latter; p\ 0.001). The proportion of patients who received

prophylactic antibiotic treatment did not differ between

patients who died during hospitalization or during follow-

up and those who were alive 3 months after discharge (26.7

and 28.8 %, respectively; p = NS). In binary logistic

regression analysis, independent predictors of mortality

during hospitalization or during follow-up were NIHSS at

admission (RR 1.11, 95 % CI 1.02–1.21, p\ 0.05) and

mRS at admission (mRS 5 vs. 3, RR 26.27, 95 % CI

3.22–214.66, p\ 0.005; mRS 4 vs. 3, RR 2.20, 95 % CI

0.19–26.01, p = NS).

Discussion

The main finding of the present study is that prophylactic

treatment with antibiotics in patients with severe acute

ischemic stroke is associated with an increased incidence

of infections during hospitalization. Moreover, this strategy

does not affect in-hospital or 3-month mortality in this

population.

In the present study, patients who received prophylactic

treatment with antibiotics, mostly cefuroxime, more fre-

quently developed an infection than patients who did not

receive antibiotics before a documented infection. This

could perhaps be attributed to selection bias, i.e., patients

being at higher risk of infection or with early signs of

impending infection were prescribed antibiotics. Still, there

are limited data on the role of antibiotic prophylaxis in

patients with acute ischemic stroke. An early study

(n = 106) also reports that prophylactic administration of

either ampicillin or penicillin G is associated with an

increased risk for infection [14]. In two more recent ran-

domized, placebo-controlled studies (n = 136 and n = 80

patients with acute ischemic stroke), prophylaxis with

levofloxacin or moxifloxacin has no effect on the incidence

of infections [12, 13]. In contrast, a small pilot study

(n = 60) reports that prophylactic administration of

mezlocillin plus sulbactam reduces the risk of infection

compared with placebo [11]. However, almost all patients

in the placebo group in the latter study developed infection

(27/30), suggesting that the criteria used to define infection

might have been too broad [11]. Also, the incidence of

infection was a secondary outcome of the study, which

primarily aimed at evaluating the effects of prophylactic

antibiosis on the incidence, height, and duration of fever

[11]. Therefore, our findings further support the existing

limited data on the lack of efficacy of prophylactic

antibiotic treatment in reducing the risk of infections in

patients with acute ischemic stroke, and also suggest the

potential of harm.

In the present study, prophylactic treatment with

antibiotics has no effect on either in-hospital mortality or

on mortality at 3 months after discharge. Similar results are

reported in a recent study that evaluated the prophylactic

administration of moxifloxacin [12]. On the other hand, a

randomized, placebo-controlled trial reports a worse

functional outcome and a non-significant increase in mor-

tality (24 vs. 13 %, p = 0.12) at 3 months in patients with

acute stroke who receive prophylaxis with levofloxacin

[13]. In contrast, a smaller, randomized, placebo-controlled

study reports a better functional outcome in patients with

acute stroke who receive prophylaxis with mezlocillin plus

sulbactam [11]. However, the latter study was not designed

to evaluate the effects of prophylactic antibiotic treatment

on functional outcome, and other predictors of functional

outcome might have not been taken into consideration [11].

Notably, previous studies that evaluated the role of pro-

phylactic administration of antibiotics in patients with

acute ischemic stroke report considerably lower mortality

rates than in the present study (0–8 vs. 20.9 %), possibly

because, they included less severely ill patients [11–13].

This implies the possibility of selection bias, since antibi-

otics are expected to be less protective in patients with very

high mortality risk [19]. Indeed, our findings suggest that

antibiotic prophylaxis does not affect mortality risk in

patients with severe acute ischemic stroke.

Limitations of the study include the relatively low

number of patients—and particularly those who received

antibiotic prophylaxis—the fact that the investigator who

adjudicated the presence of infection was not blinded to

antibiotics use, as well as the inherent limitations of any

real-world observational study like selection and regis-

tration bias. On the other hand, strengths of the study

include its multicenter design and the rigorous approach

to detect infection at admission and, therefore, exclude

such patients.

In conclusion, our study suggests that prophylactic

administration of antibiotics might be associated with an

increased risk of infection during hospitalization in patients

admitted with severe acute ischemic stroke. Moreover, this

treatment does not affect mortality risk during hospital-

ization or during short-term follow-up.
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