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Purpose: Stroke is a leading cause of morbidity among patients with neurological disorders. Post-stroke aspiration pneumonia (AP)
represents a serious complication associated with high mortality. This study investigated the incidence and outcomes of AP at a tertiary
care center.

Patients and methods: Retrospectively, among 5921 adult patients admitted with ischemic or hemorrhagic stroke between
February 2016 and January 2024, 118 who developed post-stroke aspiration pneumonia within the same admission or at a 90-day
period were identified and analyzed. Univariate and multivariate analyses were done.

Results: Among 5921 stroke patients, 118 developed post-stroke AP. The mean age was 69.5 + 12.5 years, and 71 (60.2%) were male.
Hypertension (72.9%) and diabetes mellitus (63.6%) were the most prevalent comorbidities. Ischemic stroke accounted for 79.7%, and
the median NIHSS was 9 (IQR 4-15). The median pre-morbid mRS was 2 (IQR 0-5). Dysphagia was diagnosed in 54.2%, and
a swallowing assessment was performed and documented in 73.5%. Common presenting features included fever (55.9%), altered
consciousness (47.5%), and cough (43.2%). Median time from stroke to AP was 6 days (IQR 2-22). ICU admission was required in
46.6%, mechanical ventilation in 24.1%, and 58.5% were bedridden. In-hospital mortality was 22.0%. On multivariate logistic
regression, lower GCS score was the only independent predictor of mortality (OR 0.777, 95% CI 0.629-0.959, p = 0.019).
Conclusion: Post-stroke AP remains a significant complication, with a notable mortality rate. A lower GCS score independently
predicted mortality, whereas ICU admission was significant only in the univariate analysis. The overall incidence of AP in our study
was lower than rates reported in other populations, possibly reflecting differences in clinical practices, patient characteristics, or
variability in diagnostic ascertainment rather than a true reduction in incidence.
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Introduction

Stroke is a serious medical condition that can lead to significant complications and disabilities. It is caused by either
bleeding in brain tissue (hemorrhagic stroke) or blockage of the blood supply to brain tissues (ischemic stroke).' An
epidemiological model predicting first-time stroke in Saudi Arabia estimated an incidence of 57.64 per 100,000 persons
per year.?

The prognosis of stroke is influenced by multiple factors, including the type of stroke, with ischemic stroke having an
increasing incidence compared to hemorrhagic stroke.* Previous research has suggested that the mortality rate within 30
days of a first stroke episode is 37%, which is a significant.” Furthermore, the development of complications not only
lengthens the hospital stay but also increases the risk of mortality and morbidity among patients, even after they are
discharged.® One such complication is aspiration pneumonia (AP), which has an incidence rate of 5.1% and is a cause of
death in stroke patients.® The location of the stroke affects the muscles involved in swallowing, resulting in swallowing

difficulties and an increased risk of AP”* AP increases hospital morbidity and mortality.”'°
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Several factors contribute to the development of post-stroke AP, including age, sex, comorbidities, and stroke
subtype.® Elderly individuals are more likely to develop AP owing to reduced muscle strength, which leads to dysphagia
in patients with an impaired cough reflex.® Swallowing is a complex neuromuscular process that involves more than 25
pairs of muscles distributed across the jaw, lips, tongue, soft palate, larynx, pharynx, and esophagus.'' This process
occurs in three sequential stages: oral, pharyngeal, and esophageal, which together ensure the safe transport of ingested
material from the oral cavity to the stomach.'' The swallowing central pattern generator, located within the nucleus
tractus solitarii and ventrolateral medulla of the brainstem, mediates this process by integrating peripheral afferent inputs
and descending cortical signals to coordinate the motor sequence of swallowing.'""'? Disruption of these neural pathways
is common after stroke, with post-stroke dysphagia occurring in up to 50% of patients.'®> This condition is strongly
associated with aspiration pneumonia and adverse clinical outcomes, including increased mortality and prolonged
hospitalization.'"*'*

In a study conducted in Switzerland, stroke patients with dysphagia were more likely to develop pneumonia (23.1%)
and experience a longer hospital stay (19%) compared to stroke patients without dysphagia.'> Other factors that
contribute to the development of post-stroke aspiration include levels of consciousness and patient positioning, which
can expose the patient to aspiration and thus to AP.*'® The presence of other comorbidities, including diabetes mellitus,
hypertension, and dementia, also increases the likelihood of developing AP

A study by Lidetu et al reported an estimated 23% incidence of AP in stroke patients.® A systematic review revealed
that patients diagnosed with dysphagia secondary to stroke had a threefold increased risk of developing pneumonia,
accounting for 35% of post-stroke deaths.!” Furthermore, no prior study examined the incidence of post-stroke AP in
Saudi Arabia. A Qatari study done in 2025 revealed an incidence of post-stroke AP 4.1% (380 patients out of 9197).'8
Moreover, an Austrian registry-based study found that 5.2%."°

Dysphagia, a complication of stroke, was a common cause of PEG in this patient group.”’ The current practices
focusing on early dysphagia screening contribute to decreasing the risk of pneumonia, mortality, and length of hospital
stay. The American Heart Association/American Stroke Association guidelines for acute ischemic stroke early manage-
ment mandate a bedside swallowing assessment before any oral feeding initiation.>' Importantly, early screening helps to
detect patients at high risk for aspiration and pneumonia, but does not prevent them. A secondary analysis of an
international multi-center prospective study involving 10,000 patients found that screening and assessment for dysphagia
were significantly associated with a decreased risk of pneumonia.'* Lastly, a meta-analysis of 30 studies evaluating the
impact of dysphagia screening in stroke patients found that early screening was associated with significantly reduced
risks of pneumonia, mortality, dependency, and shorter hospital length of stay.**

Despite extensive documentation of post-stroke AP as a complication, its incidence and outcomes in Saudi Arabia
remain understudied. Accordingly, this study was designed to investigate the incidence and outcomes of post-stroke AP
at the study center, as detailed in the methods section.

Methods
Study Setting and Geographic Area

This retrospective observational cohort study was conducted in King Abdulaziz Medical City, Riyadh, Saudi Arabia
(KAMC-RYD), where stroke patients were admitted to the stroke unit between February 2016 and January 2024. The
single case recorded in 2024 reflects partial-year data, as the study inclusion period ended in January 2024.

Study Population

All patients who met the following criteria were included: (1) age over 18 years and diagnosis of stroke; (2) presentation
with respiratory symptoms suggestive of AP or diagnosis of AP during the same hospital admission as the stroke
diagnosis or within 3 months after stroke onset. Patients positive for coronavirus disease 2019 (COVID-19) were
excluded. Post-stroke aspiration pneumonia was defined as the presence of three or more of the following features:
new or worsening cough, increased respiratory rate, oxygen desaturation, fever >38°C, leukocytosis or leukopenia,
purulent secretions, rales or bronchial breath sounds, and positive radiological abnormalities.
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The primary outcome was in-hospital mortality. Secondary outcomes included ICU admission, length of hospital stay,
and need for mechanical ventilation.

As part of the stroke protocol at our center, all patients presented with acute stroke need a bedside swallowing
assessment by the treating physician, as shown in the Supplementary Table 1.

Data Collection

Patient data were retrieved from electronic medical records. A data collection sheet was used to gather information
regarding various variables, including age, sex, type of stroke, location, if applicable, TOAST (Trial of Org 10172 in
Acute Stroke Treatment), stroke-related complications, Glasgow Coma Scale (GCS) score, computed tomography (CT)
reports, mortality rate, intensive care unit (ICU) admission, and length of hospital stay.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics (version 29.0.0; IBM Corp., Armonk, NY, USA). Continuous variables
were assessed for normality using the Shapiro—Wilk test and are presented as mean + standard deviation (SD) or median
(IQR), as appropriate. Categorical variables are presented as frequencies and percentages.

For univariate analysis, continuous variables were compared between survivors and non-survivors using the Mann—
Whitney U-test, given the non-normal distribution of most variables. Categorical variables were compared using the Chi-
square test or Fisher’s exact test, as appropriate, based on expected cell frequencies.

Multivariate logistic regression was performed to identify independent predictors of in-hospital mortality. Variables
with p < 0.2 on univariate analysis were entered as candidate predictors into a full model, which included eight variables:
age, sex, GCS score, bedridden status, ICU admission, mechanical ventilation, dysphagia, and cough. A parsimonious
model was subsequently constructed, retaining three predictors based on statistical and clinical relevance. Given that 26
in-hospital deaths were recorded, the full model yields approximately 3 events per variable (EPV), while the parsimo-
nious model yields approximately 8 EPV, which is more statistically appropriate. Results are reported as odds ratios (OR)
with 95% confidence intervals (CI) and p-values. Model fit was assessed using the Hosmer-Lemeshow test, Nagelkerke
Pseudo R?, and the area under the receiver operating characteristic curve (AUC). A p-value of less than 0.05 was
considered statistically significant for all analyses.

Results

Our study included 118 patients with post-stroke AP. Most participants were male (n=71, 60.2%), and 47 were female
(39.8%). Comorbidities were common among the cohort. The most frequent were hypertension (n=86, 72.9%), diabetes
mellitus (n=75, 63.6%), and hyperlipidemia (n=47, 39.8%). In terms of stroke subtype, ischemic strokes predominated
(n=94, 79.7%), whereas hemorrhagic strokes were identified in 24 patients (20.3%). According to the TOAST classifica-
tion, large-artery atherosclerosis was the most common subtype (n=45, 47.9%), followed by small-vessel disease (n=23,
24.5%) and cardioembolic (n=19, 20.2%). The median NIHSS score was 9 (IQR 4-15), and the median pre-morbid mRS
was 2 (IQR 0-5). Patient demographics and baseline characteristics are presented in Table 1.

Table 2 presents the clinical outcomes and management of the 118 AP patients. The median time from stroke to AP
diagnosis was 6 days (IQR 2-22). The mean length of hospital stay was 38.2 + 64.6 days (median 12 days, IQR 5-41).
Dysphagia was diagnosed in 64 patients (54.2%), and a formal swallowing assessment was performed in 86 (73.5%). The
majority of patients were bedridden (n=69, 58.5%). The most common presenting features were fever (n=66, 55.9%),
altered level of consciousness (n=56, 47.5%), and cough (n=51, 43.2%). The median post-AP GCS score was 10 [8—13].
ICU admission was required in 55 patients (46.6%), mechanical ventilation in 28 (24.1%), and in-hospital mortality in
26 (22.0%).

On univariate analysis, patients who died had significantly lower GCS scores than survivors (median 8 [IQR 6—11] vs.
11 [IQR 9-14]; p = 0.001). Bedridden status (76.9% vs. 53.3%; p = 0.053), ICU admission (65.4% vs. 41.3%; p = 0.051),
and mechanical ventilation (40.0% vs. 19.8%; p = 0.067) showed trends toward significance. No significant differences
were observed in age, NIHSS, length of stay, sex, comorbidities, stroke type, or dysphagia between survivors and non-
survivors. Univariate logistic regression analysis is presented in Table 3.
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Table | Demographics and Baseline Characteristics (N = 118)
Variable N=118
Age, mean * SD (years) 69.5 + 125
Age, median [IQR] 69 [62-77]
Male sex 71 (60.2%)
Female sex 47 (39.8%)
NIHSS, median [IQR] 9 [4-15]
mRS, median [IQR] 2 [0-5]

Comorbidities

Hypertension 86/118 (72.9%)
Diabetes mellitus 75/118 (63.6%)
Hyperlipidemia 47/118 (39.8%)
Coronary artery disease 16/69 (23.2%)
Atrial fibrillation 12/117 (10.3%)
Valvular heart disease 1/68 (1.5%)
Chronic kidney disease 7/49 (14.3%)
Heart disease 6/50 (12.0%)
Dementia 2/50 (4.0%)
Parkinson’s disease 2/50 (4.0%)
Epilepsy 2/50 (4.0%)
Smoking 11/69 (15.9%)
Stroke type

Ischemic stroke 94/118 (79.7%)
Hemorrhagic stroke 24/118 (20.3%)

TOAST Classification

Large artery atherosclerosis 45/94 (47.9%)
Small-vessel disease 23/94 (24.5%)
Cardioembolic 19/94 (20.2%)
Stroke of undetermined etiology 6/94 (6.4%)
Stroke of other determined etiology 1194 (1.1%)

Notes: Data presented as n (%), n/N (%), mean % SD, or median [IQR]. Denominators
vary due to data availability.

Abbreviations: TOAST, Trial of Org 10172 in Acute Stroke Treatment; mRS, Modified
Rankin Scale.
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Table 2 Clinical Outcomes and Management

Variable Value
Days stroke to AP, median [IQR] 6 [2-22]
Length of stay (days), mean * SD 382 £ 64.6
Length of stay (days), median [IQR] 12 [5-41]
GCS after AP, median [IQR] 10 [8-13]

Abnormal chest X-ray

30/118 (25.4%)

Abnormal Chest CT findings

8/118 (6.8%)

Dysphagia diagnosed

64/118 (54.2%)

Swallowing assessment performed

86/117 (73.5%)

Bedridden

69/118 (58.5%)

ICU admission

55/118 (46.6%)

Mechanical ventilation

28/116 (24.1%)

In-hospital mortality

26/118 (22.0%)

Note: Denominators vary due to data availability.
Abbreviations: GCS, Glasgow Coma Scale; ICU, intensive care unit; AP,
aspiration pneumonia; CT, Computed tomography.

On multivariate logistic regression incorporating eight candidate predictors, GCS score was the only independently
significant predictor of in-hospital mortality (OR 0.777, 95% CI 0.629—0.959; p = 0.019), indicating that each one-point
decrease in GCS was associated with approximately 29% higher odds of death (AUC = 0.781; LLR p = 0.007).
A parsimonious model retaining GCS, bedridden status, and mechanical ventilation confirmed GCS as the dominant
predictor (OR 0.784, 95% CI 0.651-0.944; p = 0.010; AUC = 0.747; Hosmer-Lemeshow p = 0.229). Multivariate logistic
regression analysis is presented in Table 4.

Discussion
To evaluate the incidence and mortality associated with post-stroke AP in a tertiary hospital in Saudi Arabia, a cohort
study of patients with 5921 stroke cases was conducted.

Our study included a high proportion of older men, who accounted for 60.2% of participants. This finding is
consistent with earlier findings indicating that male sex and advanced age increased the risk of aspiration pneumonia
following stroke.*® This risk is likely caused by the stroke itself, as well as its effects on coughing and swallowing
reflexes.”® The high prevalence of comorbidities was remarkable, with 72.9% of patients having hypertension, 63.6%
having diabetes, and 39.8% having hyperlipidemia. These long-term illnesses likely not only increase the risk of stroke
but also hinder the immunological response and recuperation of patients, increasing the likelihood of pneumonia and the
difficulty of treatment.**

The study revealed that the cumulative incidence in this cohort of patients with post-stroke AP between 2016 and one
month of 2024 was 1.99%, which is lower than rates reported in comparable studies. (7.12% in the United Kingdom,
4.1% in Qatar, 5.2% in Austria, and 5.1% attributable mortality in the United States.”'®!'%*> These differences likely
reflect variations in AP definitions, screening protocols, and study populations rather than a true reduction in incidence.
The relatively low rate observed at our center may be influenced by institutional stroke unit protocols; however, this
remains a hypothesis, and our single-center design limits generalizability to the broader Riyadh stroke population.

Altered consciousness was present in 47.5% of patients, consistent with reports by Martino et al demonstrating that
impaired neurological function increases the risk of aspiration.”* Nearly half of patients (46.6%) required ICU admission,

Vascular Health and Risk Management 2026:22 heeps: 5



Alotaibi et al

underscoring the clinical severity of post-stroke AP and the importance of close neurological monitoring in this
population.

Limitations of this study include its retrospective design and single-center nature, which may limit the generalizability
of the findings. Moreover, the relatively small sample size of AP patients (n = 118) affected the statistical power of the

Table 3 Univariate Predictors of Mortality

Variable Survived Median [IQR] | Died Median [IQR] P
N=92 N=26
Continous Variables
Age (years) 69 [62-77] 69 [57-76] 0.670
NIHSS 9 [4-12] 12 [6-17] 0.159
GCS score 11 [9-14] 8 [6-11] 0.001
Length of stay (days) 13 [6-45] 9 [4-23] 0.278
Days stroke to AP 6 [2-24] 6 [3-18] 0.833
Categorical Variables
Variable Survived N (%) Died N (%) P
N=92
Male 56/92 (60.9%) 15/26 (57.7%) 0.995
Hypertension 69/92 (75.0%) 17126 (65.4%) 0.469
Diabetes mellitus 60/92 (65.2%) 15/26 (57.7%) 0.684
Hyperlipidemia 36/92 (39.1%) 11726 (42.3%) 0916
Coronary artery disease 10/54 (18.5%) 6/15 (40.0%) 0.162
Atrial fibrillation 10/92 (10.9%) 2/25 (8.0%) 1.000
Smoking 8/54 (14.8%) 3/15 (20.0%) 0.694
Ischemic stroke 73/92 (79.3%) 21/26 (80.8%) 1.000
Dysphagia 50/92 (54.3%) 14/26 (53.8%) 1.000
Swallowing assessment 67/91 (73.6%) 19/26 (73.1%) 1.000
Bedridden 49/92 (53.3%) 20/26 (76.9%) 0.053
ICU admission 38/92 (41.3%) 17/26 (65.4%) 0.051
Mechanical ventilation 18/91 (19.8%) 10/25 (40.0%) 0.067
Fever 51/92 (55.4%) 15/26 (57.7%) 1.000
Shortness of breath 36/92 (39.1%) 8/26 (30.8%) 0.609
Cough 44/92 (47.8%) 7126 (26.9%) 0.094
Tachypnea 24/92 (26.1%) 6/26 (23.1%) 0.978
Change in LOC 42/92 (45.7%) 14/26 (53.8%) 0.574
Choking 30/92 (32.6%) 9126 (34.6%) 1.000
Poor oral intake 27/92 (29.3%) 9126 (34.6%) 0.759

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; AP,
Aspiration pneumonia; ICU, Intensive care unit; LOC, Level of consciousness.
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Table 4 Multivariate Logistic Regression—Full Model

Variable B OR 95% CI P
Age 0.017 1.017 0.969-1.067 0.4976
Male sex —0.443 0.642 0.214-1.929 0.4297
GCS score —0.253 0.777 0.629-0.959 0.019
Bedridden 0.878 2.407 0.717-8.084 0.155
ICU admission 0.205 1.227 0.410-3.671 0.714
Mechanical ventilation 0.538 1.712 0.482-6.084 0.406
Dysphagia —0.158 0.854 0.289-2.519 0.775
Cough —0.801 0.449 0.128-1.577 0.212
Multivariate Logistic Regression — Parsimonious Model

GCS score —0.243 0.784 0.651-0.944 0.010
Bedridden 0.873 2.394 0.744-7.703 0.143
Mechanical ventilation 0.503 1.654 0.533-5.134 0.384

Notes: Full model: N = 113 | Events = 24 | Pseudo R? = 0.182 | AUC = 0.781 | LLR p =
0.0066. Parsimonious model: N = 113 | Events = 24 | Pseudo R?=0.150 | AUC = 0.747 | LLR
p = 0.00055 | Hosmer-Lemeshow p = 0.229. A Hosmer-Lemeshow p > 0.05 indicates adequate
model calibration. = regression coefficient. Dependent variable: in-hospital mortality.
Abbreviations: OR, odds ratio; Cl, confidence interval; GCS, Glasgow Coma Scale; ICU,
Intensive care unit.

logistic regression model. Potential biases from incomplete records may have been introduced by the retrospective nature
of the data. Several confounding variables, including nutritional status and rehabilitation progress, were not analyzed,
potentially providing additional insights into mortality risk. Furthermore, this study focused on characterizing the AP
cohort and did not compare AP patients against the 5803 stroke patients who did not develop AP; such a comparison
would require a different study design and is beyond the current scope. The lack of long-term follow-up additionally
limits insights into prognosis. These limitations suggest the need for larger, multicenter prospective studies to validate

and expand our findings.

Conclusion

Post-stroke aspiration pneumonia remained a serious complication, accounting for 1.99% of cases during the study
period. Additionally, post-stroke AP was associated with a high mortality rate of 22%, and low GCS was identified as the
only independent predictor of mortality. The low incidence should be interpreted with caution, as multiple factors could
explain this difference, including the clinical definition used, population characteristics, and study periods. Larger
multicenter prospective studies across the Kingdom are required to better identify risk factors and optimize preventive

measures.

Ethical Approval

This study was approved by the Institutional Review Board (IRB) of the King Abdullah International Medical Research
Center, Riyadh, Saudi Arabia (Approval Number: 0603/24). Due to the study’s retrospective nature, the IRB of the King
Abdullah International Medical Research Center waived the requirement for informed consent (Approval Number: 0603/
24). This study was conducted in accordance with the Declaration of Helsinki.
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