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Background: Stroke-associated pneumonia (SAP) remains a neglected area 
despite its high morbidity and mortality. We aimed to establish an easy-to-use 
model for predicting SAP.

Methods: Two hundred seventy-five acute ischemic stroke (AIS) patients were 
enrolled, and 73 (26.55%) patients were diagnosed with SAP. T-test, Chi-square 
test and Fisher’s exact test were used to investigate the associations of patient 
characteristics with pneumonia and its severity, and multivariable logistic 
regression models were used to construct a prediction scale.

Results: Three variables with the most significant associations, including age, 
NGT placement, and right cerebral hemisphere lesions combined with gender, 
were used to construct a stroke-associated pneumonia prediction scale with 
high accuracy (AUC = 0.93). Youden index of our SAP prediction model was 
0.77. The sensitivity and specificity of our SAP prediction model were 0.89 and 
0.88, respectively.

Conclusion: We identified the best predictive model for SAP in AIS patients. 
Our study aimed to be as clinically relevant as possible, focusing on features 
that are routinely available. The contribution of selected variables is visually 
displayed through SHapley Additive exPlanations (SHAP). Our model can help 
to distinguish AIS patients of high-risk, provide specific management, reduce 
healthcare costs and prevent life-threatening complications and even death.
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Introduction

Stroke-associated pneumonia (SAP) was defined as the spectrum of lower respiratory tract 
infections within the first 7 days after stroke onset (1). SAP is one of the most frequent and a 
potentially preventable complication after acute ischemic stroke (AIS) (2, 3), which shows a 
consistent association with an increased risk of prolonged hospitalization (4), a high incidence 
of severe disability (4), mortality (5), and an associated financial burden on the medical 
system (6–8).

A range of factors may be associated with SAP. These include risk factors such as age 
(9–12), stroke severity measured by the National Institutes of Health Stroke Scale (NIHSS) 
(13) or the modified Rankin Scale (MRS) (14), level of consciousness, chronic obstructive 
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pulmonary disease and coronary artery disease (11, 15, 16). Dysphagia 
patients are more than three times at risk of developing SAP and the 
risk increases 11-fold in patients with confirmed aspiration especially 
among those with a decrease in salivary clearance and poor oral 
hygiene (17). Diabetes or hyperglycemia on admission, smoking, 
history of pneumonia, low albumin blood level and the presence of 
other types of infection at the time of admission have all been found 
to increase the risk for SAP (18, 19). Previous research has shown 
associations between distinct lesion locations and SAP. Left anterior 
cerebral artery stroke, lesion size greater than 1/3 of the middle 
cerebral artery (20), brain stem infarction (21), multi-hemispheric 
infarction (22) and non-lacunar basal ganglia infarct (17) were 
demonstrated risk factors for SAP. Other risk factors include: 
mechanical ventilation (23), APACHE II score/organ failure status, 
male sex (16), atrial fibrillation (24), admission from a nursing home 
(25) and dysarthria (26).

To our knowledge, the incidence, predictors and outcomes of SAP 
after AIS have not been thoroughly reviewed among stroke units (27). 
Findings are inconsistent due to the comparatively small sample sizes, 
different dysphagia screening methods, various inclusion criteria and 
inaccurate classification of brain regions. Therefore, it is urgent to find 
a more objective, comprehensive and easily applicable model for 
predicting the development of pneumonia in AIS patients but these 
goals remain challenging in clinical practice.

In our previous research, we established a predictive model for 
dysphagia in AIS patients, which can predict its occurrence very early 
(28). The present study took advantage of comprehensive clinical data 
from early clinical swallowing examinations. The aims of this study 
were: (1) to establish a reliable predictive model of SAP based on the 
combined effects of multiple variables intelligently; (2) to compare the 
discrimination of our model and prior scores with regard to SAP after 
AIS; (3) to display the contribution of selected variables visually 
through SHapley Additive exPlanations (SHAP).

Methods

Study design and participants

We retrospectively identified AIS patients in the medical system 
of our stroke database admitted to the stroke unit between October 
2017 and May 2018. The inclusion criteria were based on the diagnosis 
of AIS as confirmed on diffusion-weighted MRI (DWI) and was 
hospitalized within 48 h of the onset of stroke. Patients with the 
following conditions were excluded from the study: (1) preexisting 
pneumonia; (2) concomitant intracerebral hemorrhage; (3) brain 
tumors; (4) severe hepatic and renal dysfunction; (5) end-stage severe 
disease and (6) chronic inflammation. All subjects were divided into 
two groups: (1) patients with SAP; and (2) patients without SAP.

We assessed pneumonia symptoms and signs during the first 
7 days of hospitalization. The modified Centers for Disease Control and 
Prevention (CDC) criteria were used to define SAP (29). The diagnosis 
of SAP required: (A) at least 1 of the following: (1) fever (≥38°C) with 
no other recognized cause; (2) leukopenia (≤4 × 109/l) or leukocytosis 
(≥10 × 109/l); (3) for adults ≥70 years old, altered mental status with 
no other recognized cause, and (B) at least 2 of the following: (1) new 
onset of purulent sputum, change in character of sputum over a 24 h 
period, increased respiratory secretions, or increased suctioning 

requirements; (2) new onset or worsening cough, dyspnea, or 
tachypnea (respiratory rate > 25/min); (3) rales, crackles, or bronchial 
breath sounds; (4) worsening gas exchange (e.g., O2 desaturation [e.g., 
PaO2/FiO2 ≤ 300], increased oxygen requirements) and (C) new onset 
or increased lung infiltrate on at least one chest X-ray (30).

Post stroke dysphagia (PSD) was assessed using the water-
swallowing test (WST). The WST was performed using 30 mL of water 
with the patient sitting and at a 90° angle (31). Patients who presented 
with any signs of impaired efficacy and/or safe swallowing were 
considered to have PSD.

The study protocol was approved by the ethics committee of the 
First Affiliated Hospital of Soochow University (No. 2022210). Each 
participant was asked to sign two copies of informed consent; one 
copy was kept in the stroke center office, which was also scanned and 
saved in PDF format. Four separate consents were obtained: one for 
non-blood biomarkers, one for taking of blood samples, one for the 
image acquisition and another for storage of blood samples for future 
analyses. The ethics committee of our hospital approved the study 
protocol. Informed consent was obtained from all patients or their 
relatives upon admission.

Imaging procedures

All patients were scanned in a 3 T MR scanner (MAGNETOM 
Skyra; Siemens Healthineers, Erlangen, Germany). MRI brain scans 
were obtained within 3 days after symptom onset for each participant 
admitted to the hospital. Two trained neurologists who were blinded 
examined all of the preprocessing results to assure the imaging quality.

Vascular risk factors and other covariates

We collected the following variables: age, gender, medical history 
(including hypertension, diabetes mellitus, smoking, history of 
stroke, atrial fibrillation, and other heart diseases), clinical data on 
admission (including relevant laboratory indicators, stroke severity 
as measured by the NIHSS, thrombolytic/endovascular treatment, 
epilepsy and hospital stay), and location of stroke (left, right, bilateral 
hemispheres or posterior circulation). The etiology of stroke was 
determined according to TOAST, which refers to five classifications: 
(1) large-artery atherosclerosis (LAA), (2) cardioembolism (CE), (3) 
small vessel occlusion (SVO), (4) stroke of other determined etiology 
(SOE), and (5) stroke of undetermined etiology (SUE). The treating 
team made the diagnoses of progressive stroke. The following 
diagnostic criteria were used for progressive stroke: (a) the disease 
course extended from 6 h to 7 days; (b) the primary nervous 
symptoms and signs of cerebral infarction progressively worsened 
after regular treatment for cerebral infarction, and the NIHSS score 
increased no less than 2 points.

Acute Ischemic Stroke-Associated Pneumonia Score (AIS-APS) (32) 
was used to compare the prediction effect with our SAP prediction model.

Statistical tests

Continuous variables are presented as the mean ± standard 
deviation (SD) and were analyzed using T-test. Categorical data 
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were examined using the Chi-square test or Fisher’ s exact test. 
Multivariate logistic regression was used to construct the SAP 
prediction scale. The Youden index and McNemar’s test were 
exploited to compare the prediction effect between our SAP and 
AIS-APS prediction models. The Chi-square test was utilized to 
compare significant differences for different risk factor combinations 
between SAP patients and non-SAP patients. Receiver operating 
characteristic (ROC) analysis was applied to test the accuracy of the 
predictive scales.

Variables with significant associations by T-test, Chi-square test 
or Fisher’s exact test were combined with gender and used to 
construct the SAP prediction scale using a multivariate logistic 
model. The data were organized and analyzed using SAS 9.4 and R 
4.2.0 software.

Figure 1 was created using a combination of R 4.2.0 and Python 
3.8.10. Specifically, R was used to generate a bar graph displaying the 
importance of each predictor and a line graph of the cumulative 
AUC values. Python was used to calculate the SHAp values and 
generate the corresponding SHAP visualization. The analysis was 
based on a logistic regression model, with the predictors included in 
the model corresponding to those used in the SAP prediction model 
described in the article. The SHAP visualization effectively 
demonstrated the impact of the predictive factors on the prediction 
results of our model.

Results

A total of 275 patients fulfilled the inclusion criteria and were 
included in the study (Supplementary Figure S1 summarizes details 
of study recruitment). A total of 73 (26.55%) of the patients had 
SAP. The demographic and clinical characteristics of the study 

population and the differences between SAP and non-SAP patients 
are shown in Table 1. The groups significantly differed in age, and 
SAP patients were older than the non-SAP patients (70.74 ± 11.89 
vs. 63.26 ± 12.80 years, t = −4.36, p = 1.84 × 10−5). SAP was 
associated with a higher chance of post stroke dysphagia (86.30% vs. 
24.75%, χ2 = 83.92, p = 5.15 × 10−20) and nasogastric tube (NGT) 
placement (72.60% vs. 10.40%, χ2 = 105.50, p = 9.49 × 10−25). 
Patients with a history of atrial fibrillation (AF) (31.51% vs. 8.42%, 
χ2 = 23.00, p = 1.62 × 10−6), AF detected by Electrocardiography 
(ECG) (38.36% vs. 10.40%, χ2 = 28.63, p = 8.76 × 10−8), history of 
stroke (26.03% vs. 12.38%, χ2 = 7.44, p = 6.38 × 10−3), and higher 
fasting blood glucose (FBG) (6.98 ± 3.08 vs. 5.61 ± 1.84 μmoL/L, 
t = −3.57, p = 4.22 × 10−4) were more likely to suffer from dysphagia. 
SAP patients showed higher scores in both admission NIHSS 
(11.99 ± 6.66 vs. 4.25 ± 4.53, t = −9.19, p = 1.03 × 10−17) and 
discharge NIHSS (9.63 ± 6.43 vs. 3.07 ± 3.47, t = −8.29, 
p = 5.19 × 10−15). Patients with progressive stroke had a higher 
chance of exhibiting SAP (27.40% vs. 5.94%, χ2 = 24.01, 
p = 9.58 × 10−7). A strong association was found between SAP and 
stroke using TOAST classifications (χ2 = 49.51, p = 4.57 × 10−10). 
We investigated the associations of SAP and stroke using the TOAST 
classification as shown in Supplementary Figure S2. Patients with 
LAA and CE suffered SAP more often (LAA: OR = 2.20, 
p = 4.40 × 10−3; CE: OR = 4.61, p = 7.39 × 10−7), and patients with 
SVO suffered less often (OR = 0.15, p = 1.99 × 10−7). Patients of SOE 
and SUE did not show significant differences. Patients with or 
without SAP showed significant associations between distinct lesion 
locations (z = 2.88, p = 3.60 × 10−3). The associations between SAP 
and lesion locations are shown in Supplementary Figure S3. Patients 
with right cerebral hemisphere lesions suffered SAP more often 
(OR = 2.46, p = 1.22 × 10−3), and patients with left cerebral 
hemisphere lesions suffered less often (OR = 0.48, p = 1.54 × 10−2).

FIGURE 1

SHapley Additive exPlanations (SHAP) visualization of selected predictors modeled for all SAP patients. (A) The bar graph represents the contribution of 
the predictor to the model classification. The line graph depicts the cumulative AUCs (right axis). (B) The width of the range of horizontal bars can 
be interpreted as the impact on the model prediction with a wider range, there is a larger impact. The color of the horizontal bars represents the 
magnitude of predictors, which was coded in a gradient from blue (low) to red (high), shown as the color bar on the right-hand side. SHAP, SHapley 
Additive exPlanations.
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Risk factors and prediction scale of SAP

Variables with significant associations were combined with 
gender and used to construct the SAP prediction scale using a 
multivariate logistic model. As shown in Table 2, age (OR = 1.05, 
χ2 = 4.00, p = 4.55 × 10−2), NGT (OR = 4.03, χ2 = 5.87, p = 0.02) and 
right cerebral hemisphere lesions (OR = 3.77, χ2 = 6.75, p = 0.01) 
showed the most significant associations with SAP in multivariate 
statistical analysis, and the other variables, including gender, 
swallowing function, history of AF, history of stroke, FBG, NIHSS 
score, TOAST classifications and progressive stroke, showed 
no association.

A ROC analysis was performed to examine the accuracy of the 
SAP prediction scale. As shown in Figure 2, age, nasal feeding diet and 
right cerebral hemisphere lesions together showed a significantly high 
AUC (area under the ROC curve) of 0.93, with p < 0.05. Age and 
gender effects were included in the multivariate logistic model to 
construct prediction scales.

The calculated Youden index of AIS-APS score prediction system 
was 0.32. According to the ROC analysis of our SAP prediction model 
established in this study, the best critical point was obtained, and the 
calculated Youden index was 0.77, which was better than that of 
AIS-APS score prediction system. The results of McNemar’s test 
showed that the sensitivity of our SAP prediction model was higher 

TABLE 1 Demographic and clinical data of patients with stroke associated pneumonia and controls.

Demographic and 
clinical data

Controls
(n = 202)

Pneumonia
(n = 73)

t/χ2/z p-value

Age (years) 63.26 ± 12.80 70.74 ± 11.89 t = −4.36 1.84 × 10−5*

Gender female/male 134/68 48/25 χ2 = 0.01 0.93

Post stroke dysphagia yes/no 50/152 63/10 χ2 = 83.92 5.15 × 10−20**

Nasogastric tube placement yes/no 21/181 53/20 χ2 = 105.50 9.49 × 10−25**

Systolic blood pressure (mmHg) 144.30 ± 22.05 142.50 ± 18.49 t = 0.63 0.53

Diastolic blood pressure (mmHg) 81.27 ± 13.20 79.88 ± 12.30 t = 0.78 0.43

History of hypertension yes/no 143/59 58/15 χ2 = 2.04 0.15

History of diabetes yes/no 39/163 18/55 χ2 = 0.93 0.33

Smoking yes/quit/no 52/3/147 17/5/51 χ2 = 5.50 0.06

History of AF† yes/no 17/185 23/50 χ2 = 23.00 1.62 × 10−6*

Other heart diseases yes/no 7/195 4/69 χ2 = 0.16 0.69

Previous stroke yes/no 25/177 19/54 χ2 = 7.44 6.38 × 10−3*

Triglyceride (mmol/L) 1.44 ± 0.89 1.23 ± 0.51 t = 2.44 0.02

Total cholesterol (mmol/L) 4.27 ± 1.06 4.09 ± 1.02 t = 1.24 0.22

LDLC (mmol/L) 2.43 ± 0.83 2.32 ± 0.77 t = 0.96 0.34

Creatinine (μmol/L) 69.30 ± 18.31 70.84 ± 18.58 t = −0.61 0.54

Uric acid (μmol/L) 294.10 ± 84.21 289.30 ± 110.20 t = 0.34 0.73

Fasting blood glucose (μmol/L) 5.61 ± 1.84 6.98 ± 3.08 t = −3.57 4.22 × 10−4*

Homocysteine (μmol/L) 12.30 ± 9.25 11.23 ± 3.16 t = 1.43 0.15

Hemoglobin A1c (%) 6.76 ± 1.46 6.89 ± 1.45 t = −0.68 0.50

ECG† (AF) yes/no 21/181 28/45 χ2 = 28.63 8.76 × 10−8**

Admission NIH stroke scale 4.25 ± 4.53 11.99 ± 6.66 t = −9.19 1.03 × 10−17**

Discharge NIH stroke scale 3.07 ± 3.47 9.63 ± 6.43 t = −8.29 5.19 × 10−15**

TOAST classification† 62/24/91/11/14 36/28/8/1/0 χ2 = 49.51 4.57 × 10−10**

Progressive stroke yes/no 12/192 20/53 χ2 = 24.01 9.58 × 10−7**

Brain lesion location† 85/55/22/35/0/3/2 19/35/9/6/1/1/2 z = 2.88 3.60 × 10−3*

Special treatment thrombolytic/

endovascular/no

25/12/165 12/3/58 z = 0.74 0.46

Epilepsy yes/no 5/197 2/71 χ2 < 0.01 1.00

Length of hospital stay 11.62 ± 6.54 10.85 ± 5.01 t = 1.03 0.30

*Continuous data are shown as mean ± SD, values in patients with stroke associated pneumonia and controls with statistical significance based on two sample T-test. Categorical data 
differences in patients and controls are represented with statistical significance based on Chi-square test (χ2 and P) or Fisher’s exact test (z and P). *p < 0.005, **p < 1.00 × 10−6.
†AF refers to atrial fibrillation, LDLC refers to low density lipoprotein cholesterol, ECG refers to Electrocardiogram. TOAST refers to five classifications: (1) large-artery atherosclerosis, (2) 
cardioembolism, (3) small-vessel occlusion, (4) stroke of other determined etiology and (5) stroke of undetermined etiology. Brain lesion locations refer to seven classifications: (1) left cerebral 
hemisphere lesion, (2) right cerebral hemisphere lesion, (3) bilateral cerebral hemisphere lesions, (4) brainstem lesion, (5) left cerebral hemisphere and brainstem lesions, (6) right cerebral 
hemisphere and brainstem lesions, (7) bilateral cerebral hemisphere and brainstem lesions.
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(χ2 = 39.00, p < 0.05), and the specificity of AIS-APS score was higher 
(χ2 = 15.21, p < 0.05).

Based on the 13 variables in our SAP prediction model, statistical 
analysis was performed on patients with 2 or more risk factors at the 
same time. The 50 most common combinations are shown and were 
compared between SAP patients and non-SAP patients in Figure 3. 
Continuous variables were divided into 2 categories. Age was 
divided into two groups according to the median: ≤67 years and 
>67 years. FBG was divided into ≤6.1 mmoL/L and 
>6.1 mmoL/L. Admission NIHSS and discharge NIHSS were divided 
into ≤3 and >3 score. To avoid repetition, only LAA type was 
retained in the TOAST classification. Lesions were divided into two 
variables: left and right brain lesions, and patients with both left and 
right brain lesions were regarded as having bilateral lesions. Of the 
50 combinations, the distribution of 44 combinations was 
significantly different between SAP patients and non-SAP patients 
(p < 0.05). After adjustment for other risk factors that were not 
included in the combinations, 24 combinations remained statistically 
significant (p < 0.05). OR value of each combination was calculated, 
and 5 combinations with the highest OR value were abnormal 
swallowing function, NGT, admission NIHSS >3 score and discharge 
NIHSS >3 score.

Once the predictive variables were determined, SHAP 
visualization of the selected predictors was modeled for all SAP 
patients as shown in Figure 1.

TABLE 2 Multivariable logistic regression model for predicting patients with pneumonia.

Variables Odds ratio 95% CI χ2 P-value

Age 1.05 1.00, 1.10 4.00 4.55 × 10−2*

Gender 2.34 0.83, 6.60 2.58 0.12

Post stroke dysphagia yes/no 2.29 0.71, 7.39 1.91 0.17

Nasogastric tube placement yes/no 4.03 1.30, 12.43 5.87 0.02*

History of AF† yes/no 1.78 0.35, 9.13 0.48 0.49

History of stroke yes/no 1.94 0.71, 5.31 1.66 0.20

Fasting blood glucose (μmol/L) 1.12 0.93, 1.35 1.39 0.24

ECG† (AF) yes/no 5.22 0.20, 137.44 0.98 0.32

Admission NIH stroke scale 1.06 0.93, 1.22 0.78 0.38

Discharge NIH stroke scale 1.11 0.92, 1.33 1.20 0.27

Large-artery atherosclerosis 1.00

Cardioembolism 0.23 0.01, 6.09 0.78 0.38

Small-vessel occlusion 0.57 0.18, 1.78 0.94 0.33

Stroke of other determined etiology 1.88 0.15, 23.72 0.24 0.63

Stroke of undetermined etiology <0.01 <0.01, >999.99 <0.01 0.97

Progressive stroke 2.10 0.64, 6.92 1.48 0.22

Lesioned hemi left 1.00

Lesioned hemi right 3.77 1.39, 10.27 6.75 0.01*

Lesioned hemi both 3.51 0.75, 16.36 2.56 0.11

Lesioned brainstem 1.19 0.25, 5.60 0.05 0.83

Lesioned hemi left and brainstem >999.99 <0.01, >999.99 <0.01 0.99

Lesioned hemi right and brainstem 2.14 0.02, 209.00 0.11 0.74

Lesioned hemi both and brainstem 2.20 0.19, 25.10 0.40 0.53

*P < 0.05.

FIGURE 2

Receiver operating characteristic (ROC) curves generated for stroke 
with pneumonia and pneumonia severity receiver operating 
characteristic curve was generated for age, nasogastric tube 
placement and right cerebral hemisphere lesions (age and gender 
effects included) with stroke associated pneumonia (AUC = 0.93, 
p < 0.05) based on multiple logistic regression.
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Discussion

Our study demonstrated three major findings in AIS patients: (1) 
the potential clinical risk factors for pneumonia following AIS 
patients, included older age, having post stroke dysphagia, NGT 
placement, atrial fibrillation, history of stroke, higher fasting blood 
glucose, NIH stroke scale, TOAST classification, progressive stroke 
and brain lesions. (2) The sensitivity and specificity of our SAP 
prediction model were 0.89 and 0.88, respectively, focusing on features 
that are routinely available, and (3) SHAP visualization of selected 
predictors was modeled for all SAP patients.

The SAP is a complex disease and is prevalent in hospitalized 
patients. Occurrence of pneumonia in the early phase of stroke may 
promote stroke-related disability and mortality in AIS patients (4, 9). 
The overall incidence of SAP among majority of studies ranged from 
3.90 to 56.70%, depending on the small sample size and heterogeneity 
of studies (33). The prevalence of SAP (26.55%) in our study is 
consistent with other studies in which the same diagnostic criteria 
were used. Various factors, such as dysphagia, aspiration, and 
immunodepression, are assumed to play a role in SAP. However, there 
remain a large number of unanswered questions (34). Understanding 
risk factors and determining predictors of SAP are vital in early 
intervention and prevention of SAP (29). We observed that SAP was 
significantly associated with older age, higher NIHSS on admission, 
dysphagia on admission, and history of atrial fibrillation, and led to 
more frequent mechanical ventilation and death (35).

Multiple studies (10, 36, 37) have reported that advanced age is 
associated with an increased risk of SAP. In this study, elderly patients 
were also found to be a predictor for SAP. This may be due to comorbid 
conditions and decreased reflex mechanisms associated with advanced 
age (38). Atrial fibrillation elevates the risk of cardiac embolism stroke 
in patients, usually leading to the obstruction of major intracranial 
blood vessels and resulting in a large infarction area. This process may 
recur repeatedly, impacting various vascular areas and resulting in 
severe neurological deficits, and finally increasing the risk of SAP (39). 
Consistent with past reports, we suggest an association between SAP 
and previous stroke (40). Our study supports previous studies that 
we  found stroke-associated pneumonia to be  associated with 
hyperglycemia (41) and stroke severity measured by NIHSS at the 
time of admission (9, 42). This observation indicated that the severity 
of stroke is higher in patients with SAP and more attention is required 
for SAP in severe AIS patients. Previous research had established a 
significant correlation between NIHSS score and the risk of developing 
SAP. Specifically, it had been observed that individuals with elevated 
NIHSS scores face an increased probability of experiencing SAP. This 
association can be attributed to the fact that patients who score higher 
on the NIHSS typically exhibit diminished levels of consciousness or 
are required to remain in bed for extended periods. Such conditions 
predisposed these patients to gastroesophageal reflux, a risk factor that 
significantly contributes to the development of aspiration pneumonia 
(43). Our research showed that patients with LAA and CE were more 
likely to suffer from SAP. To date, no studies have focused on the 

FIGURE 3

Combinations of different stroke associated pneumonia risk factors based on the 13 variables in our SAP prediction model, statistical analysis was 
performed on patients with 2 or more risk factors at the same time. The 50 most common combinations are shown and compared between SAP 
patients and non-SAP patients. After adjustment for other risk factors that were not included in the combinations, 24 combinations remained 
statistically significant (p < 0.05). OR value of each combination was calculated, and 5 combinations with the highest OR value were abnormal 
swallowing function, NGT, admission NIHSS >3 score and discharge NIHSS >3 score. *p < 0.05, **p < 0.01.
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relationship between TOAST classification and SAP. One potential 
explanation is that patients with LAA and CE tend to have severe 
neurological deficits. Few advances have been made in elucidating the 
association between progressive stroke and SAP. Our results suggest 
that progressive stroke can have a significant impact on increasing the 
risk of pneumonia in these patients. There is increased susceptibility 
in the acute phase for patients with progressive stroke.

Dysphagia increased vulnerability to SAP in the acute phase after 
stroke as shown in previous studies (44). There is a clear correlation 
between dysphagia and aspiration. SAP is thought to be secondary to 
aspiration (9). Many dysphagic patients after stroke may suffer from 
aspiration of oral content especially during sleep. This phenomenon 
may be related to abnormal dopamine transmission (45). Experimental 
evidence showed that blocking D1 dopamine receptors could result in 
inhibition of the swallowing reflex and a decrease in substance P in 
end organs (46, 47). Early dysphagia screening is associated with a 
lower incidence of pneumonia. Guidelines support that all AIS 
patients should undergo standardized dysphagia screening at 
admission as soon as possible before oral intake, and later assessments 
should be  performed in patients with altered consciousness (48). 
Delays in the assessment of swallowing were associated with an 
absolute risk of SAP incidence of 1% per day of delay (29).

Previous research indicated that the extended use of nasogastric 
tubes was linked to a higher occurrence of pneumonia and a 
deterioration in the outcomes for patients who had suffered a stroke 
(49). NGT placement contributed to pneumonia by promoting 
bacterial colonization due to formation of biofilms on the tube, which 
predisposed patients to gastroesophageal reflux and vomiting. 
Aspiration of bacteria laden secretions and infected refluxed material 
increased the risk of pneumonia. Additionally, patients with NGT 
usually had more severe strokes with impaired consciousness (2). 
Mortality and morbidity are much higher in patients with NGT which 
can predict the higher rate of SAP in this subset of the population (4, 
18, 50, 51). The use of nasogastric tube intervention serves as a more 
precise and responsive measure compared to dysphagia, as it can 
indicate both dysphagia and disturbances in consciousness. 
Furthermore, while nasogastric tube intervention is recognized as a 
significant risk factor for SAP, existing prediction models fail to 
account for this critical variable. Consequently, a notable strength of 
our SAP prediction model lies in its inclusion of this important 
variable (52).

At present, only a few numbers of articles examined the influence 
and underlying mechanisms of the left and right cerebral hemispheres 
on SAP. In a model of intracerebral hemorrhage used for predicting 
and investigating SAP, the following observations were made: The 
distribution indicated a left–right imbalance correlated with the 
severity of SAP. Among patients experiencing severe pneumonia, over 
70% exhibited hemorrhagic lesions in the left cerebral hemisphere. In 
those with moderate pneumonia, more than 50% presented with 
hemorrhagic clots located in the right side of the brain. Conversely, no 
significant imbalance in the distribution of the left and right cerebral 
hemispheres was noted in patients suffering from mild pneumonia. 
Given that the left hemisphere typically serves as the dominant 
hemisphere, its involvement was associated with more severe disease, 
compounded by impaired consciousness, difficulties in swallowing, 
and an inability to effectively expel sputum, leading to poor airway 
protection and severe SAP (53). It was reported that the cortical 

regulation of sympathetic nervous system activation was 
predominantly associated with the right cerebral hemisphere, whereas 
the activation of the parasympathetic nervous system was primarily 
linked to the left cerebral hemisphere (54). The activation of the 
sympathetic nervous system may play a significant role in immune 
regulation during SAP.

Our study has several limitations that need to be acknowledged. 
First, this was a retrospective study that included patients from a 
single tertiary medical center, which could have resulted in selection 
bias. Future research should definitely add a prospective validation to 
our retrospective analysis. Second, the cohort included ischemic 
strokes only, therefore, we cannot comment on the application of these 
scores to patients with hemorrhagic stroke. Third, our article only 
distinguishes hemispheric and brainstem lesions without identifying 
the association between the location and SAP based on anatomical 
and functional neuroimaging. Moreover, further researches are 
required to investigate the mechanisms involved in the 
pathophysiological, pathogen and changes in gut microbiota of SAP 
in AIS patients, which are likely to play important roles. We will pay 
particular attention to this point in future research.

Conclusion

In conclusion, we analyze the effects of a comprehensive range of 
features for SAP in AIS patients and finally identifies the best 
predictive model. The result suggests that early screening for diet and 
brain lesions, as well as age, allows for the identification of patients at 
high risk for SAP. Our study was designed to be as clinically relevant 
as possible, focusing on features that are routinely available or could 
be quickly determined by simple testing. In addition, the easy-to-use 
prediction model we established is accurate, with a high AUC value. 
More than that, our study analyzes the effects of multiple combinations 
of risk factors for SAP in AIS patients and the contribution of selected 
variables is visually displayed through SHAP. SAP prediction model 
we  established can help clinicians to distinguish high-risk AIS 
patients, provide specific management, reduce healthcare costs and 
prevent life-threatening complications and even death.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The study protocol was approved by the ethics committee of the First 
Affiliated Hospital of Soochow University (No. 2022210). The studies 
were conducted in accordance with the local legislation and institutional 
requirements. Written informed consent was obtained from all 
participants or their legal guardians if the patient’s communication and/
or understanding were impaired before the study. Written informed 
consent was obtained from the individuals for the publication of any 
potentially identifiable images or data included in this article.

https://doi.org/10.3389/fneur.2025.1505270
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zhang et al. 10.3389/fneur.2025.1505270

Frontiers in Neurology 08 frontiersin.org

Author contributions

LZ: Conceptualization, Writing  – original draft, Writing  – 
review & editing, Data curation, Funding acquisition. QW: Data 
curation, Formal analysis, Writing  – original draft. YL: Data 
curation, Investigation, Writing – original draft. QF: Investigation, 
Writing  – review & editing. XT: Funding acquisition, Writing  – 
review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by Xingwei Kejiao Science and Technology project of 
Suzhou (no. KJXW2023013, Lulu Zhang), Suzhou Basic Research 
Pilot Project (no. SSD2024058, Xiang Tang), the National Natural 
Science Foundation of China (no. 82001125, Xiang Tang), and Natural 
Science Foundation of Jiangsu Province (no. BK20180201, 
Xiang Tang).

Acknowledgments

We thank the staff of the Department of Neurology, First Affiliated 
Hospital of Soochow University, and participants of this study for their 
valuable contributions.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1505270/
full#supplementary-material

References
 1. Smith CJ, Kishore AK, Vail A, Chamorro A, Garau J, Hopkins SJ, et al. Diagnosis 

of stroke-associated pneumonia: recommendations from the pneumonia in stroke 
consensus group. Stroke. (2015) 46:2335–40. doi: 10.1161/STROKEAHA.115.009617

 2. Eltringham SA, Kilner K, Gee M, Sage K, Bray BD, Smith CJ, et al. Factors 
associated with risk of stroke-associated pneumonia in patients with dysphagia: A 
systematic review. Dysphagia. (2020) 35:735–44. doi: 10.1007/s00455-019-10061-6

 3. Warusevitane A, Karunatilake D, Sim J, Lally F, Roffe C. Safety and effect of 
metoclopramide to prevent pneumonia in patients with stroke fed via nasogastric tubes 
trial. Stroke. (2015) 46:454–60. doi: 10.1161/STROKEAHA.114.006639

 4. Finlayson O, Kapral M, Hall R, Asllani E, Selchen D, Saposnik G. Risk factors, 
inpatient care, and outcomes of pneumonia after ischemic stroke. Neurology. (2011) 
77:1338–45. doi: 10.1212/WNL.0b013e31823152b1

 5. Westendorp WF, Nederkoorn PJ, Vermeij JD, Dijkgraaf MG, van de Beek D. Post-
stroke infection: a systematic review and meta-analysis. BMC Neurol. (2011) 11:110. doi: 
10.1186/1471-2377-11-110

 6. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et al. Heart 
disease and stroke statistics--2012 update: a report from the American Heart 
Association. Circulation. (2012) 125:e2–e220. doi: 10.1161/CIR.0b013e31823ac046

 7. Koennecke HC, Belz W, Berfelde D, Endres M, Fitzek S, Hamilton F, et al. Factors 
influencing in-hospital mortality and morbidity in patients treated on a stroke unit. 
Neurology. (2011) 77:965–72. doi: 10.1212/WNL.0b013e31822dc795

 8. Ingeman A, Andersen G, Hundborg HH, Svendsen ML, Johnsen SP. Processes of 
care and medical complications in patients with stroke. Stroke. (2011) 42:167–72. doi: 
10.1161/STROKEAHA.110.599738

 9. Hannawi Y, Hannawi B, Rao CP, Suarez JI, Bershad EM. Stroke-associated 
pneumonia: major advances and obstacles. Cerebrovasc Dis. (2013) 35:430–43. doi: 
10.1159/000350199

 10. Lakshminarayan K, Tsai AW, Tong X, Vazquez G, Peacock JM, George MG, et al. 
Utility of dysphagia screening results in predicting poststroke pneumonia. Stroke. (2010) 
41:2849–54. doi: 10.1161/STROKEAHA.110.597039

 11. Yeh SJ, Huang KY, Wang TG, Chen YC, Chen CH, Tang SC, et al. Dysphagia 
screening decreases pneumonia in acute stroke patients admitted to the stroke intensive 
care unit. J Neurol Sci. (2011) 306:38–41. doi: 10.1016/j.jns.2011.04.001

 12. Commichau C, Scarmeas N, Mayer SA. Risk factors for fever in the neurologic intensive 
care unit. Neurology. (2003) 60:837–41. doi: 10.1212/01.WNL.0000047344.28843.EB

 13. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al. Improved 
reliability of the NIH stroke scale using video training. NINDS TPA Stroke Study Group. 
Stroke. (1994) 25:2220–6. doi: 10.1161/01.STR.25.11.2220

 14. Sulter G, Steen C, De Keyser J. Use of the Barthel index and modified Rankin scale 
in acute stroke trials. Stroke. (1999) 30:1538–41. doi: 10.1161/01.STR.30.8.1538

 15. Kasuya Y, Hargett JL, Lenhardt R, Heine MF, Doufas AG, Remmel KS, et al. 
Ventilator-associated pneumonia in critically ill stroke patients: frequency, risk factors, 
and outcomes. J Crit Care. (2011) 26:273–9. doi: 10.1016/j.jcrc.2010.09.006

 16. Ifejika-Jones NL, Arun N, Peng H, Elizabeth A, Grotta JC, Francisco GE. The 
interaction of aspiration pneumonia with demographic and cerebrovascular disease risk 
factors is predictive of discharge level of care in acute stroke patient. Am J Phys Med 
Rehabil. (2012) 91:141–7. doi: 10.1097/PHM.0b013e31823caa8d

 17. Walter U, Knoblich R, Steinhagen V, Donat M, Benecke R, Kloth A. Predictors of 
pneumonia in acute stroke patients admitted to a neurological intensive care unit. J 
Neurol. (2007) 254:1323–9. doi: 10.1007/s00415-007-0520-0

 18. Wilson RD. Mortality and cost of pneumonia after stroke for different risk groups. 
J Stroke Cerebrovasc Dis. (2012) 21:61–7. doi: 10.1016/j.jstrokecerebrovasdis.2010.05.002

 19. Aslanyan S, Weir CJ, Diener HC, Kaste M, Lees KRthe GAIN International 
Steering Committee and Investigators. Pneumonia and urinary tract infection after 
acute ischaemic stroke: a tertiary analysis of the GAIN international trial. Eur J Neurol. 
(2004) 11:49–53. doi: 10.1046/j.1468-1331.2003.00749.x

 20. Minnerup J, Wersching H, Brokinkel B, Dziewas R, Heuschmann PU, Nabavi DG, 
et al. The impact of lesion location and lesion size on poststroke infection frequency. J 
Neurol Neurosurg Psychiatry. (2010) 81:198–202. doi: 10.1136/jnnp.2009.182394

 21. Upadya A, Thorevska N, Sena KN, Manthous C, Amoateng-Adjepong Y. Predictors 
and consequences of pneumonia in critically ill patients with stroke. J Crit Care. (2004) 
19:16–22. doi: 10.1016/j.jcrc.2004.02.004

 22. Hilker R, Poetter C, Findeisen N, Sobesky J, Jacobs A, Neveling M, et al. 
Nosocomial pneumonia after acute stroke: implications for neurological intensive care 
medicine. Stroke. (2003) 34:975–81. doi: 10.1161/01.STR.0000063373.70993.CD

 23. Kwon HM, Jeong SW, Lee SH, Yoon BW. The pneumonia score: a simple grading 
scale for prediction of pneumonia after acute stroke. Am J Infect Control. (2006) 34:64–8. 
doi: 10.1016/j.ajic.2005.06.011

 24. Hanchaiphiboolkul S. Risk factors for early infection after an acute cerebral 
infarction. J Med Assoc Thail. (2005) 88:150–5.

https://doi.org/10.3389/fneur.2025.1505270
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1505270/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1505270/full#supplementary-material
https://doi.org/10.1161/STROKEAHA.115.009617
https://doi.org/10.1007/s00455-019-10061-6
https://doi.org/10.1161/STROKEAHA.114.006639
https://doi.org/10.1212/WNL.0b013e31823152b1
https://doi.org/10.1186/1471-2377-11-110
https://doi.org/10.1161/CIR.0b013e31823ac046
https://doi.org/10.1212/WNL.0b013e31822dc795
https://doi.org/10.1161/STROKEAHA.110.599738
https://doi.org/10.1159/000350199
https://doi.org/10.1161/STROKEAHA.110.597039
https://doi.org/10.1016/j.jns.2011.04.001
https://doi.org/10.1212/01.WNL.0000047344.28843.EB
https://doi.org/10.1161/01.STR.25.11.2220
https://doi.org/10.1161/01.STR.30.8.1538
https://doi.org/10.1016/j.jcrc.2010.09.006
https://doi.org/10.1097/PHM.0b013e31823caa8d
https://doi.org/10.1007/s00415-007-0520-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.05.002
https://doi.org/10.1046/j.1468-1331.2003.00749.x
https://doi.org/10.1136/jnnp.2009.182394
https://doi.org/10.1016/j.jcrc.2004.02.004
https://doi.org/10.1161/01.STR.0000063373.70993.CD
https://doi.org/10.1016/j.ajic.2005.06.011


Zhang et al. 10.3389/fneur.2025.1505270

Frontiers in Neurology 09 frontiersin.org

 25. Katzan IL, Cebul RD, Husak SH, Dawson NV, Baker DW. The effect of pneumonia 
on mortality among patients hospitalized for acute stroke. Neurology. (2003) 60:620–5. 
doi: 10.1212/01.WNL.0000046586.38284.60

 26. Sellars C, Bowie L, Bagg J, Sweeney MP, Miller H, Tilston J, et al. Risk factors for 
chest infection in acute stroke: a prospective cohort study. Stroke. (2007) 38:2284–91. 
doi: 10.1161/STROKEAHA.106.478156

 27. Cieplik F, Wiedenhofer AM, Pietsch V, Hiller KA, Hiergeist A, Wagner A, et al. 
Oral health, Oral microbiota, and incidence of stroke-associated pneumonia-A 
prospective observational study. Front Neurol. (2020) 11:528056. doi: 10.3389/
fneur.2020.528056

 28. Zhang L, Tang X, Wang C, Ding D, Zhu J, Zhou Y, et al. Predictive model of 
dysphagia and brain lesion-symptom mapping in acute ischemic stroke. Front Aging 
Neurosci. (2021) 13:753364. doi: 10.3389/fnagi.2021.753364

 29. Eltringham SA, Kilner K, Gee M, Sage K, Bray BD, Pownall S, et al. Impact of 
dysphagia assessment and management on risk of stroke-associated pneumonia: A 
systematic review. Cerebrovasc Dis. (2018) 46:99–107. doi: 10.1159/000492730

 30. Josephson SA, Moheet AM, Gropper MA, Nichols AD, Smith WS. Ventilator-
associated pneumonia in a neurologic intensive care unit does not lead to increased 
mortality. Neurocrit Care. (2010) 12:155–8. doi: 10.1007/s12028-009-9285-x

 31. Osawa A, Maeshima S, Tanahashi N. Water-swallowing test: screening for 
aspiration in stroke patients. Cerebrovasc Dis. (2013) 35:276–81. doi: 10.1159/000348683

 32. Ji R, Shen H, Pan Y, Wang P, Liu G, Wang Y, et al. Novel risk score to predict 
pneumonia after acute ischemic stroke. Stroke. (2013) 44:1303–9. doi: 10.1161/
STROKEAHA.111.000598

 33. Teh WH, Smith CJ, Barlas RS, Wood AD, Bettencourt-Silva JH, Clark AB, et al. 
Impact of stroke-associated pneumonia on mortality, length of hospitalization, and 
functional outcome. Acta Neurol Scand. (2018) 138:293–300. doi: 10.1111/ane.12956

 34. Busti C, Agnelli G, Duranti M, Orlandi C, Marcucci M, Paciaroni M. Lung 
ultrasound in the diagnosis of stroke-associated pneumonia. Intern Emerg Med. (2014) 
9:173–8. doi: 10.1007/s11739-012-0832-7

 35. Cugy E, Sibon I. Stroke-associated pneumonia risk score: validity 
in a French stroke unit. J Stroke Cerebrovasc Dis. (2017) 26:225–9. doi: 10.1016/j.
jstrokecerebrovasdis.2016.09.015

 36. Sui R, Zhang L. Risk factors of stroke-associated pneumonia in Chinese patients. 
Neurol Res. (2011) 33:508–13. doi: 10.1179/016164111X13007856084205

 37. Chumbler NR, Williams LS, Wells CK, Lo AC, Nadeau S, Peixoto AJ, et al. 
Derivation and validation of a clinical system for predicting pneumonia in acute stroke. 
Neuroepidemiology. (2010) 34:193–9. doi: 10.1159/000289350

 38. Frank A. The latest national clinical guideline for stroke. Clin Med. (2017) 17:478. 
doi: 10.7861/clinmedicine.17-5-478

 39. Yuan MZ, Li F, Tian X, Wang W, Jia M, Wang XF, et al. Risk factors for lung 
infection in stroke patients: a meta-analysis of observational studies. Expert Rev Anti-
Infect Ther. (2015) 13:1289–98. doi: 10.1586/14787210.2015.1085302

 40. Bruening T, Al-Khaled M. Stroke-associated pneumonia in Thrombolyzed 
patients: incidence and outcome. J Stroke Cerebrovasc Dis. (2015) 24:1724–9. doi: 
10.1016/j.jstrokecerebrovasdis.2015.03.045

 41. Quyet D, Hien NM, Khan MX, Pham DD, Thuan DD, Dang DM, et al. Risk factors 
for stroke associated pneumonia. Open Access Maced J Med Sci. (2019) 7:4416–9. doi: 
10.3889/oamjms.2019.873

 42. Perry L, Hamilton S, Williams J. Formal dysphagia screening protocols prevent 
pneumonia. Stroke. (2006) 37:765. doi: 10.1161/01.STR.0000204140.01459.dc

 43. Feng HX, Cheng Y, Zhu W, Jiang LL, Dong XF, Gui Q, et al. T-lymphocyte subsets 
as a predictive biomarker for stroke-associated pneumonia. Am J Transl Res. (2018) 
10:4367–75.

 44. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R. Dysphagia after 
stroke: incidence, diagnosis, and pulmonary complications. Stroke. (2005) 36:2756–63. 
doi: 10.1161/01.STR.0000190056.76543.eb

 45. Hoffmann S, Harms H, Ulm L, Nabavi DG, Mackert BM, Schmehl I, et al. Stroke-
induced immunodepression and dysphagia independently predict stroke-associated 
pneumonia – the PREDICT study. J Cereb Blood Flow Metab. (2017) 37:3671–82. doi: 
10.1177/0271678X16671964

 46. Bustamante A, Sobrino T, Giralt D, García-Berrocoso T, Llombart V, Ugarriza I, 
et al. Prognostic value of blood interleukin-6 in the prediction of functional outcome 
after stroke: a systematic review and meta-analysis. J Neuroimmunol. (2014) 274:215–24. 
doi: 10.1016/j.jneuroim.2014.07.015

 47. Westendorp WF, Vermeij JD, Zock E, Hooijenga IJ, Kruyt ND, Bosboom HJLW, 
et al. The preventive antibiotics in stroke study (PASS): a pragmatic randomised open-
label masked endpoint clinical trial. Lancet. (2015) 385:1519–26. doi: 10.1016/
S0140-6736(14)62456-9

 48. al-Khaled M, Matthis C, Binder A, Mudter J, Schattschneider J, Pulkowski U, et al. 
Dysphagia in patients with acute ischemic stroke: early dysphagia screening may reduce 
stroke-related pneumonia and improve stroke outcomes. Cerebrovasc Dis. (2016) 
42:81–9. doi: 10.1159/000445299

 49. Ho CH, Lin WC, Hsu YF, Lee IH, Hung YC. One-year risk of pneumonia and 
mortality in patients with Poststroke dysphagia: A Nationwide population-based study. 
J Stroke Cerebrovasc Dis. (2018) 27:1311–7. doi: 10.1016/j.
jstrokecerebrovasdis.2017.12.017

 50. Kalra L, Hodsoll J, Irshad S, Smithard D, Manawadu D, Investigators S-I. 
Association between nasogastric tubes, pneumonia, and clinical outcomes in acute 
stroke patients. Neurology. (2016) 87:1352–9. doi: 10.1212/WNL.0000000000003151

 51. Schwarz M, Coccetti A, Murdoch A, Cardell E. The impact of aspiration 
pneumonia and nasogastric feeding on clinical outcomes in stroke patients: A 
retrospective cohort study. J Clin Nurs. (2018) 27:e235–41. doi: 10.1111/jocn.13922

 52. Huang GQ, Lin YT, Wu YM, Cheng QQ, Cheng HR, Wang Z. Individualized 
prediction of stroke-associated pneumonia for patients with acute ischemic stroke. Clin 
Interv Aging. (2019) 14:1951–62. doi: 10.2147/CIA.S225039

 53. Yang G, Xu M, Chen W, Qiao X, Shi H, Hu Y. A brain CT-based approach for 
predicting and analyzing stroke-associated pneumonia from intracerebral hemorrhage. 
Front Neurol. (2023) 14:1139048. doi: 10.3389/fneur.2023.1139048

 54. Dressing A, Martin M, Beume LA, Kuemmerer D, Urbach H, Kaller CP, et al. The 
correlation between apraxia and neglect in the right hemisphere: A voxel-based lesion-
symptom mapping study in 138 acute stroke patients. Cortex. (2020) 132:166–79. doi: 
10.1016/j.cortex.2020.07.017

https://doi.org/10.3389/fneur.2025.1505270
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/01.WNL.0000046586.38284.60
https://doi.org/10.1161/STROKEAHA.106.478156
https://doi.org/10.3389/fneur.2020.528056
https://doi.org/10.3389/fneur.2020.528056
https://doi.org/10.3389/fnagi.2021.753364
https://doi.org/10.1159/000492730
https://doi.org/10.1007/s12028-009-9285-x
https://doi.org/10.1159/000348683
https://doi.org/10.1161/STROKEAHA.111.000598
https://doi.org/10.1161/STROKEAHA.111.000598
https://doi.org/10.1111/ane.12956
https://doi.org/10.1007/s11739-012-0832-7
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.015
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.015
https://doi.org/10.1179/016164111X13007856084205
https://doi.org/10.1159/000289350
https://doi.org/10.7861/clinmedicine.17-5-478
https://doi.org/10.1586/14787210.2015.1085302
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.045
https://doi.org/10.3889/oamjms.2019.873
https://doi.org/10.1161/01.STR.0000204140.01459.dc
https://doi.org/10.1161/01.STR.0000190056.76543.eb
https://doi.org/10.1177/0271678X16671964
https://doi.org/10.1016/j.jneuroim.2014.07.015
https://doi.org/10.1016/S0140-6736(14)62456-9
https://doi.org/10.1016/S0140-6736(14)62456-9
https://doi.org/10.1159/000445299
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.12.017
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.12.017
https://doi.org/10.1212/WNL.0000000000003151
https://doi.org/10.1111/jocn.13922
https://doi.org/10.2147/CIA.S225039
https://doi.org/10.3389/fneur.2023.1139048
https://doi.org/10.1016/j.cortex.2020.07.017

	Individualized prediction of stroke-associated pneumonia for patients with acute ischemic stroke
	Introduction
	Methods
	Study design and participants
	Imaging procedures
	Vascular risk factors and other covariates
	Statistical tests

	Results
	Risk factors and prediction scale of SAP

	Discussion
	Conclusion

	References

