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Abstract
Purpose: Our main objective was to assess incidence, risk factors, and outcomes of ventilator-associated
pneumonia (VAP) in stroke patients.
Materials and Methods: After obtaining approval from the Human Studies Committee, we reviewed the
electronic records from our intensive care unit database of 111 stroke patients on mechanical ventilation
for more than 48 hours. Thirty-six risk factors related to disease and general health status, and 8 related
to care—all assigned a priori—were collected and analyzed. Selected factors with univariate statistical
significance (P b .05) were then analyzed with multivariate logistic regression.
Results: Thirty-one patients developed pneumonia (28%). Methicillin-resistant Staphylococcus aureus
(n = 12) and methicillin-sensitive S aureus (n = 7) were the most common pathogenic bacteria. Chronic
lung disease, neurological status at admission as assessed by the National Institutes of Health Stroke
Scale, and hemorrhagic transformation were the independent risk factors contributing to VAP.
Worsening oxygenation index (arterial partial pressure of oxygen/fraction of inspired oxygen) and
proton pump inhibitor use for ulcer prophylaxis were other potentially important factors.
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Conclusions: Pneumonia appears as a frequent problem in mechanically ventilated stroke patients.
Chronic lung disease history, severity of stroke level at admission, and hemorrhagic transformation of
stroke set the stage for developing VAP. The duration of both mechanical ventilation and intensive care
unit stay gets significantly prolonged by VAP, but it does not affect mortality.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction
Pneumonia is one of the most common nosocomial
infections in the intensive care unit (ICU) setting; its
incidence is 5- to 10-fold greater in ICU patients and more
than 20-fold greater in mechanically ventilated ICU patients
than in patients not admitted to the ICU [1-3]. In stroke
patients, pneumonia is frequent (1.5%-13%) and associated
with high mortality and morbidity. A large study suggested
that pneumonia increases 30-day mortality approximately
3-fold in stroke patients [4].

Although pneumonia appears as the most lethal nosoco-
mial infection, some controversy remains as to whether it
causes excess mortality when treated appropriately [1,5,6].
Mortality attributable to pneumonia depends to a certain
extent on the microbial origin [5,7,8], on the patient
population, and on the ICU environment [9,10]. Regardless
of the debates on its preventability, consensus is clear that
pneumonia increases antibiotic consumption and length of
ICU stay [11,12]. Annual medical cost of pneumonia as a
complication after acute stroke in the United States is
approximately $459 million [13].

Based on risk factors for ventilator-associated pneu-
monia (VAP), proposed clinical guidelines have been
developed to prevent it [14,15]. Some risk factors were
patient-specific factors, such as age and preexisting disease.
Others were care-related factors, such as head-of-the-bed
angle, use of standardized protocols for mechanical
ventilation (MV), oral hygiene, and selective digestive
decontamination [16,17]. Stroke patients' medical back-
grounds vary, as well as the severity of their stroke. Neu-
rological status at admission adds specific risks and
complicates overall disease progress. Pneumonia often
occurs as a consequence of neurological compromise and
loss of airway protective reflexes that manifest with obvious
or silent aspiration.

Although some reports are available on the incidence
and risk factors of pneumonia in stroke patients [18-21],
no reports on stroke patients who require MV exist. The
clinical questions addressed in the current study are
as follows: (1) How common is VAP in stroke patients?
(2) What pathogens are more prominent? (3) Are there
specific risk factors for developing VAP? (4) What are
the consequences of VAP in stroke population? There-
fore, in this cohort, we aimed to find the incidence, clini-
cal outcomes, and specific risks of developing VAP in
stroke patients.
2. Methods

2.1. Study subjects

With approval of the Human Studies Committees of the
University of Louisville (08.0278), we reviewed the
electronic database and medical records of our critically ill
stroke patients admitted between the years 2005 and 2009.
Data were collected prospectively in a clinical database, but
they were not analyzed until the reporting phase of this
study. Study subjects included all patients who were
admitted to an ICU with diagnosis of ischemic stroke and
who needed to be mechanically ventilated for more than 48
hours. Stroke patients with the following conditions were
admitted to ICU: large cortical ischemic stroke, brain stem
stroke, intracerebral or subarachnoidal hemorrhage, tissue
plasminogen activator (tPA) treatment, or moderate-to-severe
chronic lung or heart disease. We excluded patients who died
under withdrawal-of-care orders within the first 3 days of
hospitalization to control the effect of terminal disease
severity on our risk-based analysis model. In this retrospec-
tive trial, because the patient identifiers were sufficiently
masked during the analyses, the University of Louisville
Human Studies Committee waived the requirements for
informed consent.

2.2. Protocol

Mechanically ventilated stroke patients were monitored
closely until their discharge from the hospital. Data on MV,
weaning, needs for longer-term airway, and neurological and
overall progress were collected. For the routine care of
critically ill neurologically compromised patients, we
applied various care standards, which were closely adhered
to by the multidisciplinary care team. Institute of Healthcare
Improvement's ventilator bundle, which includes head-of-
the-bed elevation, daily sedation vacation, peptic ulcer
disease prophylaxis, and deep venous thrombosis prophy-
laxis, is a part of the routine care in our unit [22]. Enteral
feeding was initiated in all intubated patients within the first
24 hours of their MV. Stress ulcer prophylaxis with either
histamine type-2 receptor antagonists (H2) or proton pump
inhibitors (PPIs) is included in our ICU admission orders.
This prophylaxis continued until patients were transferred
out of the unit, unless longer therapy was indicated clinically.
Deep venous thrombosis prophylaxis included pressure
stockings (above knee), pulsatile circulation support systems



Fig. 1 Study flow diagram.
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(below knee), and low–molecular weight heparin derivatives
as indicated.

2.2.1. Criteria for the diagnosis of VAP
Pneumonia diagnosed within the first 4 days of ICU

admission was classified as early onset; after 4 days, it was
considered late onset. For pneumonia diagnosis, Pugin's
modified Clinical Pulmonary Infection Score (CPIS) criteria
were used [23,24]. This score includes temperature, white blood
cell count, tracheal secretion quality, oxygenation, chest x-ray
findings, and tracheal cultures. A score of at least 6 indicates
early wide-spectrum antibiotic coverage, which was reassessed
on the third day of assessment. Afterward, depending on the
score and culture results, antibiotherapy was deescalated in
patients diagnosed with pneumonia and discontinued in those
not diagnosed with pneumonia [25]. Chest X-ray findings were
a prerequisite for VAP diagnosis beside the score of ≥6. CPIS
was calculated at real time by the attending intensivist both at the
initial and the 3rd day assessments.

2.3. Measurements

All a priori determined potential risk factors such as
severity scores (Acute Physiology And Chronic Health
Evaluation [APACHE] II, Glasgow Coma Score [GCS],
National Institutes of Health [NIH] Stroke Scale), preexisting
diseases (diabetes mellitus, chronic obstructive lung disease
[COPD], congestive heart failure [CHF], previous stroke,
ischemic heart disease, hypertension [HTN]), smoking status,
alcohol abuse, and history of malignancy were collected
prospectively. In addition, arterial partial pressure of oxygen/
fraction of inspired oxygen (PaO2/FiO2), blood gas analysis
results, ventilator settings, and various laboratory tests from
the first day of ventilation were recorded. The agent used for
stress ulcer prophylaxis, insulin drip requirements, duration
of MV, and ICU stay were also collected.

2.4. Statistical analysis

Normally distributed data were presented as mean and
standard deviation. Skewed data were presented asmedian and
interquartile ranges. After descriptive analysis, univariate ana-
lyses were performed using χ2 test for categorical variables
and unpaired t test and Kruskal-Wallis test for continuous
variables. Selected statistically significant factors with a
P value of b .05 in the univariate analysis were considered
candidates for the multivariate analysis. Rule of 10 to 1 ratio
(samples to variables ratio) was considered before the
multivariate regression analysis. Variables in causality relation
were assessed carefully. Although exponential value of the
coefficient represents relative risk only when the incidence is
very rare, we used the term relative risk in this article likemany
other articles. In the multivariate analyses, P b .05 was
considered statistically significant. All statistical analyses were
done by PASW (SPSS Inc. Chicago, IL) for Mac version 18.0.
3. Results

3.1. Cohort demographics

Between the years 2005 through 2009, a total of 481
patients were admitted to our ICU system with diagnosis of
acute ischemic stroke: 119 (∼25%) of these patients
underwent MV for more than 48 hours. Another 8 patients
were deceased within 48 hours of starting MV, and their data
were excluded from the risk analyses. These deceased
patients had withdrawal-of-care orders to honor their wishes
against artificial life support (Fig. 1). Thus, the final analysis
included 111 patients.

Patients were 66 ± 12 years old (mean ± SD), and 54%
were men. The majority of strokes were in the middle
cerebral artery region (∼67%) and basilar artery area
(∼14%). Median GCS at arrival to the hospital was 11
(8-13), and mean APACHE score at the time of ICU
admission was 19 ± 6. The NIH Stroke Scale scores were 15
(8-21) at admission to the hospital. Median ICU stay was 14
(9-19) days, and MV duration was 8 (4-13) days (Table 1).

3.2. Incidence and pathogenesis of VAP

Thirty-one patients (28%) were diagnosed with VAP
during their ICU stay (24 VAP/1000 MV days). Only 4 of
the cases were early-onset pneumonias (13%). The most
commonly diagnosed pneumonia pathogens were methicil-
lin-resistant Staphylococcus aureus (MRSA) (12 patients),
methicillin-sensitive S aureus (7 patients), and Klebsiella-



Table 1 Cohort demographics (n = 111)

Age, y 66 ± 12
Women/men, n (%) 50/61 (46/54)
Stroke site, n
MCA Left 35 (31)

Right 30 (27)
Bilateral 10 (9)

PCA 8 (7)
ACA 5 (5)
Basilar artery 16 (14)
Other 7 (6)
tPA, n (%) 21 (19)
Intravenous tPA, n (%) 17 (15)
Intraarterial tPA, n (%) 4 (4)
Hemorrhagic progression
(CT confirmed), n (%)

25 (23)

GCS 11 (8-13)
APACHE II Score 19 ± 6
SOFA Score a 5.2 ± 2.3
NIH Stroke Scale a 15 (8-21)
MV, d 8 (4-13)
Duration of ICU, d 14 (9-19)

Data presented as mean ± SD, number (percentage), or median (range).
MCA indicates middle cerebral artery; PCA, posterior cerebral artery;
ACA: anterior cerebral artery; CT, computed tomography.

a Values calculated at admission.

Table 2 Confounding factors–univariate statistics

No VAP
(n = 80)

VAP
(n = 31)

P

Age, y 65 ± 12 68 ± 13 .51
Sex–male, % 51.2 64.5 .21
GCS 11 (9-13) 10 (8-11) .49
GCS ≤9, n (%) 20 (25) 12 (39) .15
APACHE II 18 ± 5 20 ± 7 .04
SOFA Score 4.6 ± 2.0 5.8 ± 2.2 b.01
NIH Stroke Scale 13.8 ± 7.2 16.9 ± 5.4 .04
tPA (intravenous), n (%) 11 (14) 9 (29) .06
Hemorrhagic conversion,
n (%)

11 (16) 11 (37) .04

Brain stem infarct, n (%) 9 (11) 6 (19) .27
Emergency intubation (%) 22 (28) 15 (48) .05
Reason of intubation, n (%) .92
Neurological (%) 37 (46) 14 (45)
Other (%) 43 (54) 17 (55)
Preexisting disease, n (%)
HTN 58 (73) 18 (58) .15
Coronary artery disease 30 (38) 8 (26) .25
CHF 12 (15) 6 (19) .58
COPD 13 (16) 12 (39) .01
History of previous stroke 16 (20) 7 (23) .76
GERD 5 (6) 4 (13) .23
Hyperlipidemia 18 (23) 5 (16) .51
DM 18 (23) 5 (16) .51
Renal disease 4 (5) 3 (10) .37
Alcohol/drug abuse 15 (19) 4 (13) .47
Smoking 30 (38) 8 (26) .25
Liver disease 1 (1) 1 (3) .49
History of malignancy 7 (9) 5 (16) .27
Care-related factors, n (%)
PPI–stress ulcer prevention 44 (55) 24 (77) .030
Insulin drip requirement 32 (40) 23 (74) b.01
Scores at VAP diagnosis
Day of VAP diagnosis – 7 (5-9)
APACHE II – 22 ± 6 .21 a

SOFA Score – 6.8 ± 2.2 .046 a

NIH Stroke Scale – 18.6 ± 4.0 .079 a

Pao2/FiO2 – 196 ± 51 b.01 a

Outcomes, n (%)
Extubated 46 (58) 8 (26) b.01
Transferred with
tracheostomy

32 (40) 17 (55) .20

Duration of ICU stay, d 11 (8-18) 17 (14-30) .01
Duration of MV, d 6 (4-10) 13 (8-21) b.01
MV duration N7 d 32 (40) 24 (77) b.01
Modified Rankin Scale 4 (3-4) 5 (5-5) b.01
NIH Stroke Scale 9 (4-16.5) 12 (9.8-17) .07
Deaths in ICU 5 (6) 6 (19) .07
Deaths in hospital 10 (13) 6 (19) .38

GERD indicates gastroesophageal reflux disease; DM, diabetes mellitus.
a This P value reports the comparison between the values at

admission vs values at VAP diagnosis.
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Enterobacter-Serratia spp (7 patients). Five cases were
attributable to other pathogens.

3.3. Risk factors for VAP

Initial neurological status represented by median GCS
was not different in stroke patients who developed VAP and
those who did not (10 [8-11] and 11 [9-13], respectively;
P = .49). However, the more stroke-specific scale, NIH
Stroke Scale at hospital admission, was statistically
significantly higher in patients who eventually developed
VAP (Table 2). Severity of the patients' overall condition
(APACHE II) and organ failure status (Sequential Organ
Failure Assessment, SOFA) at admission was also
statistically significantly worse in the patients who
developed VAP (Table 2).

Incidences of cardiovascular conditions, such as HTN,
coronary artery disease, and CHF, were similar between
the patients who did and did not develop VAP. On the
other hand, COPD was much more common in patients
who developed VAP (P = .01). Ventilator settings at the
first day of MV were similar between the groups, but
admission PaO2/FiO2 ratio was statistically significantly
lower in the VAP patients (301 ± 135 in no VAP, 245 ±
102 in VAP, P = .04).

A larger percentage of patients in the VAP group
received stress ulcer prophylaxis with PPI products (77%
vs 55%, P = .03). Patients who developed VAP were more
frequently treated with insulin drip than with sliding scale
insulin treatment (P b .01; Table 2) possibly because the
increasing severity of the VAP patient status required an
elevated level of care.



Table 3 Multivariate logistic regression analysis for independent VAP risk factors in stroke patients

B RR 95% CI for RR P

NIH Stroke Scale at admission 0.119 1.126 1.032-1.228 .007
COPD 1.208 3.346 1.062-10.540 .039
Hemorrhagic conversion (CT a) 1.520 4.574 1.474-14.196 .009
Duration of MV 0.110 1.116 1.049-1.186 b.001
PPI vs H2 blocker 1.173 3.231 0.992-10.519 .052
Constant −5.613 0.004 – .000

B indicates coefficient; RR, relative risk obtained from exp(B); CI, confidence intervals.
a Computed tomography–confirmed hemorrhagic secondary injury.
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Multivariate stepwise logistic regression analyses
showed comorbidity of COPD, higher NIH Stroke Scale
at admission, hemorrhagic transformation, and mechanical
ventilation duration as the statistically significant indepen-
dent risk factors of developing VAP. PPI vs. H2 blocker
use did not show statistically significant difference at the
end of multivariate stepwise logistic regression analysis
(Table 3).

3.4. Clinical outcomes

Median ICU stay (11 [8-18] vs 17 [14-30]; P = .01) and
MV duration (6 [4-10] vs 13 [8-21]; P b .01) were
expectedly longer in patients with VAP. Extubation rate
(58% vs 26%; P b .01) was higher in the VAP patients.

Mortality rate in the ICU was about 19% in the VAP
patients compared with 6% in the no-VAP patients (P = .07).
This difference was somewhat more balanced at the time of
discharge from the hospital (Table 2).
4. Discussion

The incidence of VAP in our mechanically ventilated
ischemic stroke patients was 28%. Respiratory tract infec-
tions in stroke patients were reported to be between 1% and
33% [26]; but the data on the frequency of pneumonia in
mechanically ventilated patients, specifically VAP, are very
limited. Hilker et al [27] reported about 82% incidence of
VAP (14 of 17 patients) within their pool of 124 critically ill
stroke patients. In another trial, Kwon et al [28] reported a
77% VAP incidence (24 of 31 patients) from a data set of
286 stroke patients. In here, we report the largest pneumonia
data set of stroke patients who required more than 48 hours
of MV. Our 28% incidence of VAP may not appear to be
high compared with the smaller mechanically ventilated
stroke data pools. However, when the data are presented in
VAP per 1000 ventilator days, our 24 VAP/1000 ventilator
days data are surely higher than the rates of general
neuroscience ICU population data provided by the National
Nosocomial Infections Surveillance (9-17 VAP/1000 MV
days at 90th percentile) [29]. Therefore, it is possible that
the comorbidities of elderly stroke patients may contribute
and increase the chances of pneumonia.

The mortality rate was about 14% in our study. This rate
is near the median of previously published percentages of
13% [27], 34% [30], 34% [20], and 4% [28]. There are
extremely limited data available to allow any serious
comparisons with our MV duration, airway status at
transfer, and transfer/discharge outcomes. Intensive care
unit stay and MV duration were 6 to 7 days longer in
patients who experienced VAP. Median day of VAP
diagnosis was 7 (5-9) days. Only 4 (13%) of 31 patients
developed early-onset VAP (first 4 days of MV); the rest
were late onset. In the light of these data, one can
extrapolate that if patients cannot be weaned off of MV
within the first 6 to 7 days, then they are likely to develop
VAP, which extends their stay for another 6 to 7 days.
Minimizing intubation and MV duration is an essential
effort to prevent VAP. For the sake of preventive medical
approach, it might be beneficial to use such simplistic logic
and encourage minimizing ventilation weaning. However,
one should also consider the contribution of neurological
status on MV duration.

Staphylococcus aureus, including both MRSA and
methicillin-sensitive S aureus, was the most commonly
diagnosed VAP pathogen in our patient population. Various
other investigators also reported predominance of S aureus
[20,27,30]. However, such predominance of about 60% was
still a surprising finding to the study investigators.
Unfortunately, we cannot comment on the relative impor-
tance of MRSA carriage because the polymerase chain
reaction–based routine screening only started during the
past 2 years in our institute. Reasons behind such high rate
of VAP with S aureus require further investigation.
Possibly, the combination of patients' baseline character-
istics, primary disease, and care environment determine
the risks and pathogen-specific risks to the patients [9].
Within these categories, the relative involvement of each is
yet to be studied. From 12 MRSA VAP cases, 3 of them
(25%) were nursing home residents. Additionally, 4 others
(33%) were admitted to a hospital within the past 30 days due
to different reason than primary. Both being nursing home
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resident and recent hospital admission increase the chances
of MRSA carriage. We also observed the following potential
risks in the Staphylococcus aureus VAP patients: 1) CRF rate
was somewhat higher (18%) and two thirds of these patients
received dialysis catheters during their stay; 3) PPI use (82%)
was also more common compared to study population; 4)
About 40% of the patients with Staphylococcus aureus
pneumonia received insufficient empiric antibiotic coverage
before their definitive VAP diagnosis.

Results of multivariate stepwise logistic regression
analyses showed that history of COPD was an independent
specific risk for VAP in mechanically ventilated stroke
patients. The contribution of chronic lung disease to VAP is
well known especially in medical ICU patients [31,32]. The
risk of VAP in COPD patients may be as great as 33%.
Ventilator-associated pneumonia may be more serious in
COPD patients and may cause longer duration of MV and
even higher mortality [32]. Noninvasive ventilation is
recommended in patients with chronic lung disease to
decrease the needs of ventilation and related further
complications. However, noninvasive ventilation is contra-
indicated in a great majority of stroke patients owing to
partial or total neurological compromise of airway protective
reflexes, which may increase the risk of aspiration.

Lower oxygenation index (PaO2/FiO2 ratio) found at the first
day of MV appears as a confirmation of baseline chronic lung
disease problem in the VAP patients. The difference compared
with the patients who never developed VAP was more than 55
points. More strikingly, at the day of VAP diagnosis, the PaO2/
FiO2 ratio dropped an additional 50 points. When we consider
both of the current most respected clinical diagnostic tools of
nosocomial pneumonia, Clinical Pulmonary Infection Score
(CPIS) andCDC criteria, and the use of “PaO2/FiO2 ratio b240”
as an important score contributing to diagnosis [23,33], we
realize why lower oxygenation levels confirmed higher VAP
risks in our patients.

Proton pump inhibitor administration was defined as a risk
factor for VAP with the univariate analysis which didn’t
survive themultivariate stepwise logistic regression analysis as
an independent factor. Stress ulcer prophylaxis has been
shown as a risk factor for developing pneumonia in ICU
patients and recommended to be provided only to the patients
with high risk for gastroduodenal hemorrhage [34]. Patients
with intracranial disease are generally considered as high risk
for secondary gastrointestinal hemorrhage. Furthermore,
stroke patients with severe neurological deficit are reported
to experience gastrointestinal hemorrhage more frequently
[35]. Therefore, stress ulcer prophylaxis is easily justifiable in
our study population. Currently, the type of stress ulcer
prophylaxis agents' contribution to VAP development is a
controversial issue [36,37,14]. There is a strong link of longer-
term PPI use and hospital- and community-acquired pneumo-
nia [38,39], but such relationwithVAP has yet to be presented.
The relationship between stress ulcer prophylaxis, VAP, and
chances of gastrointestinal bleeding requires further investi-
gation to elucidate the specific contribution of each factor.
Stroke severity status during admission to the hospital as
measured by NIH Stroke Scale was clearly worse in patients
who eventually developed VAP. This suggests that the level of
baseline neurological dysfunction has some significant impact
in the eventual progress of disease. In addition to baseline
neurological functionality, hemorrhagic transformation of
stroke further contributed to developing VAP. It is likely that
hemorrhagic transformation indicated a further acute and
progressive worsening of neurological status. This may have
had a double impact by both progressively decreasing the
control of airway andworsening the overall medical condition.

The present study might be limited by its relatively small
sample size and its retrospective cohort design. Small
sample size made its confidence intervals wide and made
it difficult to compare the magnitude of contribution of
each risk factor. In addition, some promising risk predic-
tors might have failed to show statistical significance just
because of the lack of power. Assignment of attribution of
VAP in mortality and other outcomes is problematic because
the patients who develop VAP are systematically more
critically ill upon intubation compared with no-VAP patients.
To avoid this problem, some authors used a matched-cohort
design with propensity scoring to define impact of VAP on
mortality. In this study, we preferred multivariate regression
analysis instead. Finally, in the present study, we only
included the patients with MV for more than 48 hours; it
would cause an overestimation of VAP risk if proposed
prediction equation would be applied to patients who did not
require any or required shorter duration of MV.

In conclusion, VAP is a common and serious medical
problem of stroke patients requiring MV. It prolongs MV
duration and ICU stay. Staphylococcus aureus was by far the
most common pathogen in the patient population studied.
Baseline lung disease, stroke severity status, hemorrhagic
transformation, and duration of mechanical ventilation need to
be considered as important risk factors of VAP in the critically
ill stroke patient population. Worsening in oxygenation during
the course, and PPI use for stress ulcer prophylaxis may
potentially further contribute to VAP; but these require further
testing. Strict adherence to VAP preventive strategies and
bundles may benefit our patients most and would help to lower
the incidence of VAP especially in the higher-risk group of
patients such as defined in this trial.
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