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Abstract
Background Stroke-associated pneumonia (SAP) considerably burden healthcare systems. This study aimed 
to identify predictors of developing SAP in acute ischemic stroke patients admitted to the Stroke Unit at Manial 
Specialized Hospital factors with microbiological causality and impact on 30-day mortality.

Methods This was a retrospective cohort study. All patients with acute ischemic stroke admitted to the Stroke Unit 
at Manial Specialized Hospital (from February 2021 to August 2023) were divided into the SAP and non-SAP groups. 
Detailed clinical characteristics and microbiological results were recorded.

Results Five hundred twenty-two patients diagnosed with acute ischemic stroke (mean age of 55 ± 10) were 
included. One hundred sixty-nine (32.4%) of stroke patients developed SAP; Klebsiella pneumoniae was the most 
commonly detected pathogen (40.2%), followed by Pseudomonas aeruginosa (20.7%). Bacteremia was identified 
in nine cases (5.3%). The number of deaths was 11, all of whom were diagnosed with SAP, whereas none from the 
non-SAP group died (P < 0.001). The binary logistic regression model identified three independent predictors of the 
occurrence of SAP: previous history of TIA/stroke (OR = 3.014, 95%CI = 1.281–7.092), mechanical ventilation (OR = 4.883, 
95%CI = 1.544–15.436), and bulbar dysfunction (OR = 200.460, 95%CI = 80.831-497.143).

Conclusions Stroke-associated pneumonia was reported in one-third of patients with acute ischemic stroke, 
adversely affecting mortality outcomes. Findings showed that the main predictors of SAP were bulbar dysfunction, 
the use of mechanical ventilation and previous history of TIA/stroke. More attention to these vulnerable patients is 
necessary to reduce mortality.
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Introduction
Stroke-associated pneumonia (SAP) is defined as pneu-
monia that occurs within seven days of the stroke onset. 
It is associated with prolonged hospital stays, poor out-
comes, and high economic burden [1, 2]. However, 
Morbidity and mortality rates of SAP vary among hos-
pital-based studies. Bulbar dysfunction is a well-known 
risk factor implicated in developing SAP. However, stroke 
itself induces an immunosuppressive state, increasing 
infection susceptibility [3, 4].

Based on epidemiological reports of SAP, Streptococ-
cus pneumoniae (S. pneumoniae) Methicillin-resistant 
Staphylococcus aureus (MRSA), Klebsiella pneumonia 
(K. pneumoniae), Pseudomonas aeruginosa (P. aerugi-
nosa), and Escherichia coli (E. coli), and Haemophilus 
influenza (H. influenzae) are the main pathogens linked 
to SAP [5–7]. Antibiotic-resistant organisms are also a 
critical concern [8].

Each region should share its experience with SAP from 
the perspective of the prevalence of SAP, identifying risk 
factors, commonly detected pathogens and its impact 
on mortality outcomes. This will contribute to develop-
ing appropriate management and prevention strategies to 
reduce the risks and improve patient outcomes.

Hence, we conducted this observational retrospective 
study to identify factors associated with the increased 
occurrence of SAP with underlying microbiological 
analysis among acute ischemic stroke patients and their 
impact on 30-day mortality.

Methods
Study design and participants
This retrospective cohort study targeted patients admit-
ted to the Stroke Unit at Manial Specialized Hospital in 
Cairo, Egypt, from February 2021 to August 2023. Only 
adult patients (age > 18) admitted with acute ischemic 
stroke during the study period were included. Exclu-
sion criteria included stroke of hemorrhagic type, stroke 
patients presented with infections other than bacterial 
pulmonary infections, and pediatric group (age < 18). 
The ethical approval was granted by the ethical commit-
tee at Kasr Alainy Faculty of Medicine-Cairo University 
(N-135-2023).

The included patients were divided into the stroke-
associated pneumonia (SAP) and non-SAP groups. The 
diagnosis of SAP was established by clinicians during the 
hospital stay based on modified Centers for Disease Con-
trol and Prevention (CDC) criteria [9]; symptoms and 
signs suggestive of acute lower respiratory tract infection, 
chest imaging, and supported by microbiological results.

Data collection
The following data were collected from the medi-
cal records of all enrolled patients: age, sex, medical 

comorbidities, smoking status, and drug abuse. Besides, 
stroke characteristics include the site of brain infarction 
and etiological classification according to the Org 10,172 
trial in the acute stroke treatment (TOAST) categories 
[10]. The severity of neurological deficits at stroke onset 
was also assessed using the National Institutes of Health 
Stroke Scale (NIHSS), based on the following evaluations: 
a score of 1–4 = minor stroke, 5–15 = moderate stroke, 
16–20 = moderate to severe, and a score ≥ 21 denotes 
severe stroke [11]. The initial level of consciousness 
was assessed, using the Glasgow coma scale (GCS) [12]. 
The 3-ounce water swallow test was used for screening 
for bulbar dysfunction [13]. Patients who fail dysphagia 
screening were further evaluated by Videofluoroscopic 
swallowing evaluation (VFSE) to directly visualize the 
swallowing process. Also, the need for mechanical ven-
tilation, nasogastric tube, and duration of hospital stay 
were recorded.

Microbiological analysis
Results of the positive cultures of respiratory specimens 
(sputum, endotracheal aspirate, and bronchoalveolar 
lavage) and blood specimens were obtained from the 
medical records of the SAP patients and further analyzed 
for the frequency of Gram-negative and Gram-positive 
bacteria distribution.

Study outcome
The main study outcome is either 30-day mortality or 
survival.

Sampling
The sample size was calculated based on a previous study 
in which the incidence of SAP was 21% [14]. Accordingly, 
the minimal sample size was 162 patients to achieve 80% 
power and 5% significance using the Open Epi online 
sample size calculator.

Statistical analysis
All the collected data were revised for completeness and 
logical consistency. The data was entered into the Micro-
soft Office Excel Software Program 2019, then transferred 
into the Statistical Package of Social Science Software 
program, version 26 (SPSS) for statistical analysis.

Median and IQR were used to summarize quantita-
tive variables, and the Mann-Whitney U test was used 
for comparison, where the significance at P-value ≤ 0.05. 
Frequency and percentage were used to summarize qual-
itative variables, and the Chi-square test was used for 
comparison, where a significance at a P-value ≤ 0.05.

A binary logistic regression model was used to deter-
mine the effect of independent factors (previous his-
tory of TIA/stroke, diabetes mellitus, NIHSS, disturbed 
conscious level, bulbar dysfunction, and mechanical 
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ventilation) on the occurrence of SAP (dependent 
variable).

Results
Data for 522 patients diagnosed with acute ischemic 
stroke were evaluated [363 males (69.5%) and 159 females 
(30.5%)], with a mean age of 55 ± 10. The median NIHSS 
at stroke onset was 11, with IQR 8–12. Their median hos-
pital stay was 5, with IQR 4–10 days.

Microbiological analysis
One hundred sixty-nine (32.4%) of stroke patients devel-
oped SAP, in which pathogens were isolated from spu-
tum samplings in 130 patients (76.9%), endotracheal tube 
aspirate in 38 (22.5%), and bronchoalveolar lavage in only 
one case (0.6%).

Most of the patients were infected by Gram-negative 
aerobic bacilli (n = 138), of whom seven patients had 
double Gram-negative aerobic bacilli infections (Klebsi-
ella species and E. coli), while thirty-one were infected by 
Gram-positive aerobic cocci (Fig. 1).

Bacteremia -evident by blood cultures- was identified 
in nine cases (5.3%) (5 were infected by MERSA, two 
were infected by Actinobacter, and the other two were 
infected by Klebsiella). Candida albicans was detected in 
seven cases.

Comparison of patients with SAP and non-SAP groups
the percent of History of previous stroke/TIAs as well 
as the presence of diabetics, was significantly higher in 
patients with SAP than those without SAP. However, 
other vascular risk factors did not significantly differ 
between the two groups (Table 1).

Regarding stroke characteristics, the percent of bulbar 
dysfunction was significantly higher in patients with SAP 
(80.9%) than those without SAP (19.1%). Moreover, the 
percent of non-disturbed consciousness was significantly 
higher in non-SAP (71.6%) than in SAP (28.4%) groups 
(Table 2). Categorical severity of NIHSS was also signifi-
cantly different between SAP and non-SAP groups, as the 
SAP group had significantly more severe NIHSS grading 
than the non-SAP group (Table 2).

Also, mechanical ventilation and nasogastric tube use 
were significantly higher in patients who had SAP (78.3%, 
84.2%) than those without SAP (21.7%, 15.8%), respec-
tively (Table  3). Patients with SAP had a significantly 
higher length of hospital stay than the group without 
SAP (Table 3).

Predictors of occurrence of SAP
The binary logistic regression model identified three 
independent predictors of the occurrence of SAP. Previ-
ous history of TIA/stroke, mechanical ventilation, and 

Table 1 Demographics and vascular risk factors in relation to 
stroke-associated pneumonia

SAP group
n = 169

non-SAP 
group
n = 353

P-value

Age median (IQR) 56 (49–63) 55 (49–60) 0.706
Sex n (%) Male 121 (33.3%) 242 (66.7%) 0.48

Female 48 (30.2%) 111 (69.8%)
History of 
previous stroke 
or previous TIA 
n (%)

No 47 (26.4%) 131 (73.6%) 0.001
Stroke 73 (38.4%) 117 (61.6%)
TIA 37 (27.4%) 98 (72.6%)
Both 12 (63.2%) 7 (36.8%)

Diabetes n (%) No 61 (20.0%) 244 (80.0%) < 0.001
Yes 108 (49.8%) 109 (50.2%)

Hypertension 
n (%)

No 96 (31.5%) 209 (68.5%) 0.602
Yes 73 (33.6%) 144 (66.4%)

Dyslipidemia 
n (%)

No 62 (28.4%) 156 (71.6%) 0.104
Yes 107 (35.2%) 197 (64.8%)

Isghemic heart 
disease n (%)

No 124 (32.3%) 260 (67.7%) 0.946
Yes 45 (32.6%) 93 (67.4%)

Cardiac ar-
rhythmia n (%)

No 113 (32.5%) 235 (67.5%) 0.947
Yes 56 (32.2%) 118 (67.8%)

Hepatic n (%) No 155 (32.4%) 323 (67.6%) 0.934
Yes 14 (31.8%) 30 (68.2%)

Renal n (%) No 143 (32.3%) 300 (67.7%) 0.912
Yes 26 (32.9%) 53 (67.1%)

Malignancy 
n (%)

No 163 (32.3%) 342 (67.7%) 0.794
Yes 6 (35.3%) 11 (64.7%)

HIV n (%) No 168 (32.9%) 343 (67.1%) 0.095
Yes 1 (9.1%) 10 (90.9%)

Cigarette or 
shisha smoking 
n (%)

No 72 (31.4%) 157 (68.6%) 0.902
Yes 84 (33.3%) 168 (66.7%)
Ex-Smoker 13 (31.7%) 28 (68.3%)

Substance 
abuse n(%)

No 154 (32.7%) 317 (67.3%) 0.634
Yes 15 (29.4%) 36 (70.6%)

SAP stroke-associated pneumonia, TIA Transient ischemic attack, HIV human 
immunodeficiency virus

Fig. 1 Frequency of pathogenic organisms isolated from respiratory spec-
imens among patients with stroke associated pneumonia (n = 169). N.B. 
Seven cases had double infection
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bulbar dysfunction increased the odds of developing SAP 
by 3, 5, and 200 times (Table 4).

Mortality outcome
Five hundred-eleven patients survived (97.9%), whereas 
11 (2.1%) died (P < 0.001, Table  5). All deaths had SAP, 
nine of whom had bacteremia.

Discussion
The current study provides thorough information on the 
incidence and predictors of SAP with detailed microbio-
logical analysis and its impact on 30-day mortality out-
comes among 522 patients with acute ischemic stroke 
admitted to the Stroke Unit at Manial Specialized Hospi-
tal, one of the tertiary stroke centres in Cairo. These find-
ings would be of interest to healthcare specialists who 
aim to improve stroke care services and reduce the finan-
cial burden on medical care.

Our analysis showed that the incidence of SAP among 
acute ischemic stroke patients was 32.4%, which is com-
parable to the reports issued by another centre in Egypt 
“Alexandria Main University Hospital” (37.1%) [15], and 
some other developing countries such as Northwest 
Ethiopia (36%) [16], Zambia (30%) [17]. However, the 
incidence rate of SAP was much lower in stroke cen-
tres in developed countries, including the United King-
dom (13.2%) [18], France (8.6%) [19], and Austria (5.2%) 
[20]. The wide variability in the reported incidence 
across studies might be attributed to differences in study 
designs, eligibility criteria, criteria used to define pneu-
monia, and duration of follow-up.

Gram-negative bacteria were identified in 81.7% of 
pneumonia cases, while Gram-positive bacteria were 
detected in 18.3%, with a predominance of K. pneu-
moniae (40.2%) followed by P. aeruginosa (20.7%), staph-
ylococcus aureus (14.2%) then Acinetobacter spp (10.7%). 
The frequency of causative pathogens reported here 
aligns with a systemic review evaluating 7968 patients 
with SAP in which K. pneumonia was also the most com-
monly isolated organism (12.8%), followed by E. coli (9%), 
S. aureus (10.1%), then P. aeruginosa (6%) [7]. It is worth 
noting that the results of isolated organisms in SAP cases 
were more similar to the results of positive cultures of 
hospital-acquired pneumonia (HAP) than those of com-
munity-acquired pneumonia (CAP) [21].

Bulbar dysfunction and mechanical ventilation have 
already been reported in previous studies to be associated 

Table 2 Stroke characteristics in relation to stroke-associated 
pneumonia

SAP Group
n = 169

non-SAP 
Group
n = 353

P-
value

Site of brain 
infarction 
n (%)

Anterior 127 (31.2%) 280 (68.8%) 0.112
Anterior & 
Posterior

12 (52.2%) 11 (47.8%)

Posterior 30 (32.6%) 62 (67.4%)
TOAST Clas-
sification 
n (%)

Large blood 
vessels

67 (36.4%) 117 (63.6%) 0.539

Cardio embolic 57 (30.5%) 130 (69.5%)
Small blood 
vessels

39 (29.5%) 93 (70.5%)

Undetermined 6 (31.6%) 13 (68.4%)
NIHSS at 
onset

Minor stroke 0 (0.0%) 3 (100.0%) 0.015
Moderate stroke 151 (31.1%) 334 (68.9%)
Moderate to 
severe

18 (52.9%) 16 (47.1%)

Disturbed 
conscious 
level (onset) 
n (%)

No 97 (28.4%) 245 (71.6%) 0.007
Yes 72 (40.0%) 108 (60.0%)

Bulbar 
dysfunction 
n (%)

No 8 (2.5%) 315 (97.5%) < 0.001
Yes 161 (80.9%) 38 (19.1%)

SAP stroke-associated pneumonia, IQR Interquartile range, TOAST classification 
trial of ORG 10,172 in acute stroke treatment classification, NIHSS The National 
Institutes of Health Stroke Scale

Table 3 Hospital course-related events in relation to stroke-
associated pneumonia

SAP group
n = 169

non-SAP 
group
n = 353

P-value

Mechanical ventilation 
n (%)

No 122 (26.4%) 340 (73.6%) < 0.001
Yes 47 (78.3%) 13 (21.7%)

Nasogastric tube n (%) No 15 (4.4%) 324 (95.6%) < 0.001
Yes 154 (84.2%) 29 (15.8%)

Hospital stay in days median 
(IQR)

10 (7–14) 5 (4–6) < 0.001

SAP stroke-associated pneumonia, IQR Interquartile range

Table 4 Predictors of developing stroke-associated pneumonia 
by a binary logistic regression model
Variables B P-value Odds 

ratio
95% C.I.
Lower Upper

History of stroke/TIA 1.103 0.012 3.014 1.281 7.092
Diabetes 0.011 0.977 1.011 0.463 2.211
NIHSS (moderate to 
severe)

0.411 0.569 1.508 0.366 6.212

Disturbed conscious 
level

0.408 0.309 1.504 0.685 3.299

Bulbar dysfunction 5.301 < 0.001 200.460 80.831 497.143
Mechanical ventilation 1.586 0.007 4.883 1.544 15.436
TIA Transient ischemic attack, NIHSS The National Institutes of Health Stroke 
Scale

Table 5 Impact of stroke-associated pneumonia on 30-day 
mortality outcome

Survived n = 511 Deaths n = 11 P-value
SAP group n = 169 158 (93.5%) 11 (6.5%) < 0.001
non-SAP group n = 353 353 (100%) 0 (0.0%)
SAP stroke-associated pneumonia
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with an increased risk of SAP [3, 4, 22], which aligns 
with current findings. In bulbar dysfunction, fluid entry 
into the bronchi and alveolar spaces provokes an infec-
tious process mediated by proinflammatory cytokines 
release [23]. On the other hand, the endotracheal tube 
may impair the mucociliary clearance, increasing the sus-
ceptibility to SAP. Moreover, mechanical ventilation may 
prolong hospital stays, increasing patients’ exposure to 
the bacterial environment [24, 25].

Previous studies have not unanimously agreed upon 
the finding in our study that previous history of TIA/
stroke could predict SAP; some have confirmed [26, 27], 
while others have opposed it [22, 28]. However, previous 
TIA/stroke was incorporated in the integer-based pneu-
monia risk (ISAN), a scale established by CJ Smith et. 
[29].

Our findings confirm previous studies that SAP was 
associated with higher mortality than stroke patients 
without SAP. Yet, the overall rate of 30-day mortality in 
this study (6.5%) is less than the rates reported by other 
registries among acute ischemic stroke patients with 
SAP; 19.0% in the UK [30] and 39.5% in Canada [31].

In light of the current findings, we look forward to con-
ducting a study aimed at external validation of widely 
used predictive scores of SAP such as ISAN, A2DS2, and 
acute ischemic stroke-associated pneumonia score (AIS-
APS), as has been done in different countries [32–34].

Future research directions should implement and eval-
uate the effectiveness of a standard care service for the 
prevention and early treatment of SAP that ultimately 
reduces mortality. Indeed, a Chinese hospital adopted 
an infection control project, including screening for dys-
phagia, feeding adjustment, care of the oral cavity, air-
way management, and nursing qualifications. The results 
were impressive as the rate of SAP declined to 14.0% after 
a baseline rate of 37.2% [35], an encouraging experience 
that seems worth replicating at our centre.

Although this study showed the experience of a single 
center with a high volume of patients with a detailed 
description of the main pathogens related to SAP, the 
generalizability of the findings would be limited. Also, it 
is a retrospective analysis of patient records, and thus, 
the data were largely dependent on precise documenta-
tion. Other limitations include the short follow-up period 
and the small number of patients regarding certain vari-
ables such as history of combined previous stroke/TIA. 
The effect of SAP on long-term functional outcomes 
waited to be answered by future studies.

Conclusion
In our centre, 32.4% of patients with acute ischemic 
stroke developed SAP, adversely affecting mortality out-
comes. Bulbar dysfunction, mechanical ventilation use, 
and previous history of TIA/stroke could predict the 

occurrence of SAP. A better understanding of predic-
tors of the occurrence of SAP helps improve the preven-
tion and control of SAP and reduce the mortality rate of 
patients with acute ischemic stroke.
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