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Risk assessment of ischemic stroke associated pneumonia

Lin Li, Lin-hong Zhang, Wu-ping Xu, Jun-min Hu

Department of Neurology, Wuhan Central Hospital, Wuhan 430014, China

Corresponding Author: Jun-min Hu, Email: hjm-69@163.com

BACKGROUND: Cerebral stroke is a disease with a high disability rate and a high fatality rate.
This study was undertaken to assess the risk of stroke associated pneumonia (SAP) in patients with
ischemic stroke using A2DS2 score.

METHODS: Altogether 1 279 patients with ischemic stroke who were treated in our department
from 2009 to 2011 were retrospectively analyzed with A2DS2 score. A2DS2 score was calculated
as follows: age =75 years=1, atrial fibrillation=1, dysphagia=2, male sex=1; stroke severity: NIHSS
score 0—4=0, 5-15=3, 216=>5. The patients were divided into three groups according to A2DS2 score:
620 in score 0 group, 383 in score 1-9 group, and 276 in score 210 group. The three groups were
comparatively analyzed. The diagnostic criteria for SAP were as follows: newly emerging lesions or
progressively infiltrating lesions on post-stroke chest images combined with more than two of the
following clinical symptoms of infection: (1) fever 238 °C; (2) newly occurred cough, productive cough
or exacerbation of preexisting respiratory tract symptoms with or without chest pain; (3) signs of
pulmonary consolidation and/or wet rales; (4) peripheral white blood cell count 210x10°%L or <4x10°/L
with or without nuclear shift to left, while excluding some diseases with clinical manifestations similar
to pneumonia, such as tuberculosis, pulmonary tumors, non-infectious interstitial lung disease,
pulmonary edema, pulmonary embolism and atelectasis. The incidence and mortality of SAP as well
as the correlation with ischemic stroke site were analyzed in the three groups respectively. Meant
standard deviation was used to represent measurement data with normal distribution and Student's t
test was used. The chi-square test was used to calculate the percentage for enumeration data.

RESULTS: The incidence of SAP was significantly higher in the A2DS2 score210 group than
that in the score 1-9 and score 0 groups (71.7% vs. 22.7%, 71.7% vs. 3.7%, respectively), whereas
the mortality in the score=10 group was significantly higher than that in the score 1-9 and score 0
groups (16.7% vs. 4.96%, 16.7% vs. 0.3%, respectively). The incidences of cerebral infarction in
posterior circulation and cross-MCA, ACA distribution areas were significantly higher than those in the
SAP group and in the non-SAP group (35.1% vs.10.1%, 11.4% vs. 7.5%, respectively). The incidence
of non-fermentative bacteria infection was significantly increased in the score=10 group.

CONCLUSIONS: A2DS2 score provides a basis for risk stratification of SAP. The prevention of
SAP needs to be strengthened in acute ischemic stroke patients with a A2DS2 score=10.
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INTRODUCTION

pulmonary parenchymal inflammation'"

in stroke

Cerebral stroke is a disease with a high disability rate
and a high fatality rate. Many studies have demonstrated
that complications during post-stroke hospitalization
have an impact on the disability rate and fatality rate.
Stroke associated pneumonia (SAP) refers to infective
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patients without previous pulmonary infection, and is a
principal cause for exacerbation of post-stroke condition.
Therefore, early identification of patients at a high risk
of SAP may help physicians to monitor the disease and
prescribe proper treatment. A2DS2 scoring tool® is

www.wjem.org



210 Lietal

World J Emerg Med, Vol 5, No 3, 2014

recognized as an effective method for predicting SAP. In
this study, the A2DS2 scoring tool was used to evaluate the
risk and prognosis of pneumonia in cerebral stroke patients
treated in our department from 2009 to 2011.

METHODS

General data
A total of 1 279 patients with SAP were treated in our

department from 2009 to 2011. In these patients, ischemic
stroke was confirmed in accordance with the diagnostic
criteria®™ set up at the Fourth National Conference (1996)
on the Diagnosis of Cerebrovascular Diseases by the
Chinese Medical Association. The mean age of the patients
(765 males and 514 females) was 68+12.3 years old.

Methods
The clinical data collected included prior medical

history, results of routine blood test, biochemistry panel,
ECG or dynamic ECG, head CT/MRI, chest X-ray
photographs, pulmonary CT, and National Institute
of Health Stroke Scale (NIHSS) scores at admission,
swallowing function assessment, and sputum culture
results. Patients' swallowing function was assessed
using water swallowing test,'*! taking >grade 3 as
existence of swallowing dysfunction. Ischemic stroke
was divided into anterior circulation stroke (ACS) and
posterior circulation stroke (PCS) by the imaging lesion
site. ACS includes strokes in the middle cerebral artery
(MCA) distribution area, anterior cerebral artery (ACA)
distribution area, and cross-MCA and ACS distribution
area. PCS includes stroke in the blood supply areas of
the vertebrobasilar artery, such as the occipital lobe,
temporal lobe, thalamus, cerebellum, and brain stem.

Diagnostic criteria for SAP
The criteria' 2010 formulated by the Chinese Expert

Consensus on Diagnosis and Treatment of Stroke-

clinical symptoms of infection: (1) fever>38 °C; (2) newly
occurred cough, productive cough, or exacerbation of pre-
existing respiratory disease symptoms with or without
chest pain; (3) signs of pulmonary consolidation, and/or
moist rales; (4) peripheral WBC>10x10"/L or <4x10°/L
with or without nuclear shift to the left. Moreover, some
diseases with similar clinical manifestations of pneumonia
were excluded such as tuberculosis, pulmonary tumor,
non-infective interstitial lung disease, pulmonary edema,
pulmonary embolism, and pulmonary atelectasis.

Patient grouping by the A2DS2 scoring tool
A2DS2 scoring tool: age>75 years=1, atrial

fibrillation=1, dysphagia=2, male sex=1; stroke severity:
NIHSS score 0-4=0, 5-15=3, and >16=5. Patients'
conditions at admission were scored routinely by the
A2DS?2 scoring tool. The incidence and mortality of SAP
were analyzed in the three groups of patients with scores
0, 1-9, or >10. Analysis was made of the location of
ischemic stroke and the incidence of SAP.

Statistical analysis
Statistical analysis was performed with the SPSS

12.0 statistical software. Mean+SD was used to represent
measurement data with normal distribution and Student's
t test was also used. The Chi-square test was used to
calculate the percentage for enumeration data.

RESULTS
There were 620 patients in A2DS2 scores 0 group,

383 patients in scores 1-9 group, and 276 patients in
scores >10 group (Table 1). The incidence of SAP,
average length of hospital stay, and mortality were
compared in the three groups (Table 2).

Table 2. The incidence of SAP, average length of hospital stay and
mortality in the three groups

Number of Incidence of Length of Mortality

Associated Pneumonia were used, and the detailed clinical — Groups ! !

.. . . . . patients SAP (n,%) hospital stay (n,%)
criteria for judgment included newly emerging lesions g = 620 B3G37) 8 2(03)
or progressively infiltrating lesions in post-stroke chest  Score 1-9 383 87 (22.7) 11 19 (4.96)
images combined with more than two of the following  Score>10 points 276 198 (71.7) 16 46 (16.7)
Table 1. The general conditions of the three groups of patients with cerebral infarction (n, %)

Groups Number of patients ~ Age (mean+S, years old) Hypertension  Diabetes mellitus ~ Smoking  Hyperlipemia  Heavy drinking
Score0 620 63£13 465 (75) 111 (18) 260 (42) 223 (36) 142 (23)
Score 1-9 383 6212 274 (71.5) 76 (20) 153 (40) 153 (40) 100 (26)
Score>10 276 66.7+12 213 (77) 67 (24.2) 127 (46) 102 (37) 79 (29)
P value 1.22 2.0685 4.854 2.468 1.66 5.402
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Table 3. The distribution area of cerebral infarction in the SAP and non-SAP groups (1,%)

Groups Number of patients MCA ACA PCS MCA/ACA ACS/PCS
SAP 308 68 (22.1) 25(8.1) 108 (35.1) 72 (23.4) 35(11.4)
Non-SAP 971 572 (58.9) 89 (9.1) 98 (10.1) 139 (14.3) 73 (7.5)

£’=170, P<0.005. MCA/ACA denotes cerebral infarction in cross-MCA and ACA distribution areas, and ACS/PCS denotes cerebral infarction in

cross-ACS and PCS distribution areas.

Table 4. The distribution of pathogens in the score>10 group and score
1-9 group (n,%)

Score >10 group Score 1-9 group

Pathogens (n=198) (n=87)
Acinetobacter baumanii 23 (11.6) 3(5.5)
Staphylococcus aureus 16 (8.0) 5(9.1)
Klebsiella pneumoniae 43 (21.7) 13 (23.6)
Escherichia coli 50 (25.3) 17 (30.9)
Pseudomonas aeruginosa 21 (10.6) 3(5.5)
Streptococcus 27 (13.6) 6(10.9)
Others 18 (9.1) 8 (14.5)

The infarction location of 276 patients in the A2DS2
score >10 group was as follows: MCA distribution area:
86 patients (31.2%); ACA distribution area: 49 patients
(17.8%); PCA distribution area: 96 patients (34.8%),
including 32 patients (11.6%) with large-area cerebral
infarction in the cross-MCA and ACS distribution areas.
Thirteen patients (4.7%) had both anterior and posterior
circulation cerebral infarction. The infarction location of
383 patients in the score 1-9 group are as follows: MCA
distribution area: 183 patients (47.8%); ACA distribution
area: 141 patients (36.8%); PCA distribution area: 44
patients (11.5%), including 11 patients (2.9%) with
large-area cerebral infarction in the cross-MCA and ACS
distribution areas. Four patients (1%) had both anterior
and posterior circulation cerebral infarction (Table 3).

198/198 patients in the A2DS2 score >10 group had
a positive sputum culture, and 55/87 SAP patients in the
score 1-9 group had a positive sputum culture (Table 4).

DISCUSSION

SAP is a potential, preventable stroke complication,
and is associated with poor prognosis. It occurs mostly
at acute and critical stage of stroke. Cerebral stroke and
concurrent pneumonia may increase the fatality rate
of patients in 30 days by 4 folds, extend the length of
hospital stay by 3 folds, and result in a sharp increase of
medical expenses.” 7 The clinical features of SAP are:
(1) diverse clinical manifestations; (2) diverse pathogens;
(3) atypical clinical manifestations; (4) easy relapse of
conditions; and (5) rapid change of conditions, readily

complicated with pulmonary edema. The pathogenesis
of SAP comprise immune dysfunction, dysphagia, or
neurogenic pulmonary edema.™

Although there have been many studies investigating
the risk factors of SAP at home and abroad, there are
few specific and effective scoring tools. Therefore, there
is lacking risk stratification and precise therapeutic
regimen of SAP. Sarah et al”” carried out an assessment
and analysis on multiple risk factors of SAP in 15 335
patients with acute ischemic stroke, and established
the A2DS2 scoring tool. They found that the tool had
excellent resolving power for prediction of SAP, and
may be used in identification of patients at high risk
and to guide preventive and management measures
for pneumonia. In this study, 1 279 patients with acute
ischemic stroke were investigated. SAP occurred in
308 patients with an incidence of 24.1%. They were
evaluated using the A2DS2 tool. The incidence of SAP
was 3.7% in patients with score 0, 22.7% in patients
with scores 1-9, and up to 71.7% in patients with scores
>10. There was significant difference in incidences
of SAP between the three groups (P<0.005). As the
patients in the score >10 group often had disturbance of
consciousness, bulbar paralysis and dysphagia because
of older age and poor cardiac function, they were easy
to experience silent aspiration, difficulty in drainage of
endotracheal secretions, long bed rest time, requiring
indwelling of nasal feeding tube, high frequency of
proton pump inhibitor use, traumatic endotracheal
intubation, and high ratio of mechanical ventilation.
Moreover, stroke-induced immune mechanism
abnormality was an important factor of SAP.”) After
stroke, IL-1B, TNF-a, and IL-6 secreted in cells, induced
by cerebral injury, stimulated paraventricular nucleus
of hypothalamus to release corticotrophin releasing
factor (CRF). CRF bound to G-protein coupled receptors
in prepituitary gland, to promote prepituitary gland
to generate and secrete ACTH, leading to increased
secretion of glucocorticoid. Glucocorticoid could
inhibit production of proinflammatory mediators, and
also promote release of antiinflammatory mediators."”
Moreover, these patients had more significant neurogenic
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pulmonary edema.!"" Persistent and intense excitation of
the sympathetic nerve resulted in high-pressure and high-
permeability pulmonary edema, leading to refractory
hypoxemia, and decreased local immunity and clearing
ability of the respiratory tract. So, A2DS2 score provides
a basis for risk stratification and treatment regimen of
post-stroke pneumonia.

The infection rate of non-fermenter bacteria (such as
Pseudomonas aeruginosa and Acinetobacter baumanii)
was significantly increased in the A2DS2 score >10
group. Gram-negative non-fermentative bacilli are of
low sensitivity to clinical common antibiotics, and are
often resistant to many antibiotics. They have become the
main pathogens in the intensive care unit of neurology,
and patients infected by such strains are mostly of poor
prognosis."” In the treatment of gram-negative non-
fermentative bacilli, antimicrobial drugs should be used
rationally according to the drug susceptibility results. The
targeted gene transfer vector system can deliver a gene
to specific target cells. Now, it is also a clinical research
hotspot!"” that, in treatment of severe infection, an
appropriate targeted gene transfer vector may be selected
against invasive bacteria or viruses, and a correct gene
is used to act on them to achieve respective therapeutic
effects.

Meanwhile, through the correlation research on
A2DS2 score and patient's infarction locations, we
found that compared with patients with score <10, the
incidences of cerebral infarction in posterior circulation
and cross-MCA and ACA distribution areas, and
cross-anterior and posterior circulation strokes were
significantly higher in the SAP group compared with
those in the score <10 group (P<0.005). Since neurogenic
pulmonary edema may occur readily during infarction in
those locations, the results were similar to those in the
study by Walter."""

In conclusion, as stroke patients had factors of
conscious disturbance, low responsiveness, difficulty in
expectoration, and difficulty in finding focuses through
bedside chest X-ray radiographs, etc, it is difficult to
diagnose SAP in the early stage, and therefore it requires
risk stratification for early prediction. A2DS2 score
provides a basis for risk stratification. However, we found
that, some other risk factors (such as infarction locations)
have non-ignorable effects on occurrence of SAP, and
therefore the scoring tool may be further improved in
future. Meanwhile, early clues may also be provided by
early blood-related indexes of infection, such as CRP,
procalcitonin, soluble triggering receptor-1 expressed
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on myeloid cells, and vasoactive propeptide, etc.""” The
prevention of SAP needs to be strengthened in acute
ischemic stroke patients having a A2DS2 score >10.
It may also effectively prevent and reduce occurrence
and severity of SAP by the following measures:
early intensive care, such as nasogastric feeding, and
management of swallowing function; respective diet
regimen selected according to the severity of dysphagia;
enteral nutrition implemented rationally;"'® strengthened
management of respiratory tract; bacterial culture
carried out frequently for targeted use of antibiotics; and
strengthened nutritional support symptomatic treatment,
etc.
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