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Background: Stroke-associated pneumonia (SAP) is a serious and common complication in
stroke patients.

Purpose: We aimed to develop and validate an easy-to-use model for predicting the risk of
SAP in acute ischemic stroke (AIS) patients.

Patients and methods: The nomogram was established by univariate and multivariate
binary logistic analyses in a training cohort of 643 AIS patients. The prediction performance
was determined based on the receiver operating characteristic curve (ROC) and calibration
plots in a validation cohort (N=340). Individualized clinical decision-making was conducted
by weighing the net benefit in each AIS patient by decision curve analysis (DCA).
Results: Seven predictors, including age, NIHSS score on admission, atrial fibrillation,
nasogastric tube intervention, mechanical ventilation, fibrinogen, and leukocyte count were
incorporated to construct the nomogram model. The nomogram showed good predictive
performance in ROC analysis [AUROC of 0.845 (95% CI: 0.814—0.872) in training cohort,
and 0.897 (95% CI: 0.860-0.927) in validation cohort], and was superior to the A’DS?,
ISAN, and PANTHERIS scores. Furthermore, the calibration plots showed good agreement
between actual and nomogram-predicted SAP probabilities, in both training and validation
cohorts. The DCA confirmed that the SAP nomogram was clinically useful.

Conclusion: Our nomogram may provide clinicians with a simple and reliable tool for
predicting SAP based on routinely available data. It may also assist clinicians with respect to
individualized treatment decision-making for patients differing in risk level.

Keywords: stroke-associated pneumonia, acute ischemic stroke, nomogram, prediction

Introduction
Stroke-associated pneumonia (SAP) is a common poststroke complication with a
prevalence rate of 11.3-31.3%.'* Despite remarkable advances in the care of acute
stroke patients, the outcomes of SAP are still poor, including prolonged hospitali-
zation, high incidence of severe disability, and high in-hospital mortality rate.>
The majority of previous studies focused on prophylactic antibiotic treatment in
cases of stroke-associated infection, including SAP, but the results indicated failure
to reduce the incidence of pneumonia and improve clinical outcomes.”
Furthermore, it is difficult to diagnose SAP because of the low sensitivity of
X-ray examination and sputum culture.'®!" Therefore, a more objective and easily
applicable model for predicting the development of pneumonia in stroke patients is
required.
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Previous studies indicated that various risk factors,
including older age, male gender, dysphagia, decreased
leukocyte
(HLA-DR), stroke-induced immunodepression syndrome,

monocytic  human antigen-DR  isotype
and chronic obstructive pulmonary disease (COPD) were
associated with the incidence of SAP*®!>!13 In addition,
several recent studies developed clinical scores to predict
SAP in stroke patients. For example, the 10-point A°DS*
score [age >75 years=l, atrial fibrillation=1, dysphagia=2,
male sex=1, National Institutes of Health Stroke Scale
(NIHSS) score of 0—4=0, score of 5-15=3, score >16=5]
was derived for the prediction of poststroke pneumonia in a
German cohort and showed high sensitivity and specificity;'*
subsequently, it was validated in Chinese stroke patients.”
Recently, the ISAN score was developed by Smith et al® to
assess the risk of SAP, based on 23,199 stroke cases in the
UK. This score included the parameters of sex, age, pre-
stroke independence, and NIHSS score on admission, and
exhibited good discrimination in ischemic stroke derivation
and validation samples for predicting SAP. For patients with
acute middle cerebral artery infarction, the PANTHERIS
score is a simple method for predicting SAP based on age,
Glasgow Coma Scale score on admission, systolic blood
pressure (SBP), and leukocyte count within 24 hrs of
admission.'

However, high sensitivity and specificity are not suffi-
cient for clinical prediction models; timely individualized
medical decision-making, cost-effectiveness, representa-
tiveness, and comprehensiveness of data collection should
also be taken into consideration in clinical practice. The
purpose of this study was intended to establish and vali-
date a simple, convenient, accurate, and clinically practical
model for predicting the risk of SAP in stroke patients, and
meanwhile compare its performance with other prediction
models.

Methods

Patient Selection

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Wenzhou Medical University
and was conducted in accordance with the Declaration of
Helsinki. We enrolled consecutive patients who had been
admitted to the Department of Neurology, First Affiliated
Hospital of Wenzhou Medical University within 24 hrs
after onset of ischemic stroke between January 2018 and
January 2019. Inclusion criteria in the study were as fol-
lows: 1) age >18 years; 2) diagnosis of acute ischemic

stroke (AIS) confirmed by cranial computed tomography
(CT) or magnetic resonance imaging (MRI) within 24 hrs
after admission; and 3) written informed consent obtained
from the patient or their legal representatives. The exclu-
sion criteria were as follows: 1) diagnosis of transient
ischemic attacks (TIAs); 2) preexisting dysphagia; 3)
active infection or pyrexia within 2 weeks before admis-
sion; 4) a history of hematological diseases, severe hepatic
diseases, cancer, or immunosuppressant treatment; and 5)
lack of complete medical records.

Of the total of 1344 patients who fulfilled the inclusion
criteria, 361 were excluded, such that 983 AIS patients
were included in the analysis. Using a computer random
number generator, two-thirds of the patients (N = 643)
were randomized into the training cohort to construct the
predictive nomogram model, and the remaining 340
patients were assigned to the validation cohort to evaluate
the performance of the model (Figure 1).

Data Collection

We collected demographic and clinical data from our elec-
tronic medical records system, including age, sex, stroke
classification (TOAST criteria), arterial blood pressure on
admission, history of stroke, thrombolytic therapy, mechan-
ical ventilation, current smoking status, and current drinking
status. Pre-existing comorbidities, including hypertension,
diabetes mellitus, atrial fibrillation, coronary heart disease,
congestive heart failure, and COPD were recorded. In addi-
tion, the neurological deficit on admission was measured by
well-trained neurologists using the NIHSS score. Based on

previously defined cutoff points,'*"

patients were further
divided into the following categories according to baseline
NIHSS score: 0—4, mild; 5-15, moderate; and >16, severe.
The baseline laboratory examinations, including fibrinogen,
fasting blood glucose, homocysteine (Hcy), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), erythrocytes, leukocytes, platelets,
serum creatinine (SCr), the glomerular filtration rate
(GFR), total cholesterol, and hemoglobin, were obtained
within 24 hrs of admission.

Dysphagia status was determined based on baseline
swallow screening. In the stroke center of our institute,
all stroke patients received a full clinical swallowing
examination by dysphagia-trained nursing staff within 24
hrs after admission. This assessment consisted of a stan-
dardized clinical evaluation of consciousness, oromotor
function, articulating function, and a water drinking test,
to quantify the severity of dysphagia.'® The dysphagic and
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Wenzhou Medical University from 1/2018 to 1/2019.

1344 AIS patients referred to the First Affiliated Hospital of

983 patients were included

361 patients were excluded

TIA (n=79)

Preexisting dysphagia (n=25)

Active infection or pyrexia within 2 weeks before admission (n=37)
A history of tumor or trauma (n=38)

Severe hepatic or hematologic diseases (n=63)

Underwent immunosuppressant treatment (n=16)

Incomplete medical records (n=103)

y

Training cohort (n=643)

Validation cohort (n=340)

Figure | Study flow diagram.
Abbreviations: AlS, acute ischemic stroke; TIA, transient ischemic attack.

comatose patients then underwent nasogastric tube inter-
ventions to prevent aspiration. Therefore, the presence of a
nasogastric tube could reflect both dysphagia status and
coma status.

Outcome Measures

In our study, SAP was diagnosed in accordance with the
modified Centers for Disease Control and Prevention cri-
teria of hospital-acquired pneumonia,'” based on clinical
and laboratory parameters of respiratory tract infection,
and was confirmed by both chest X-ray and CT."
Furthermore, SAP was diagnosed by two treating neurolo-
gists who were blinded to other clinical and laboratory
findings during the first 7 days of hospitalization after stroke
onset. This study only recorded hospital-acquired pneumo-
nia; pneumonia before the stroke was not considered.

Statistical Analyses

Statistical analyses were performed using SAS (version 9.2;
SAS Institute Inc., Cary, NC, USA), R for Windows (version
3.4.1; http://www.r-project.org/), and MedCalc software
(version 13.0; MedCalc Software, Ostend, Belgium). The

differences in continuous variables between SAP and non-
SAP patients were assessed with Student’s #-test or the non-
parametric Mann—Whitney U-test, and the x> or Fisher’s
exact test was used to compare categorical variables.
Receiver operating characteristic (ROC) curve analysis was
used to determine the best cutoff values for continuous vari-
ables that were significantly different in the training cohort.
In the training cohort, univariate logistic regression analysis
was used to screen risk factors related to SAP; variables with
a p-value <0.05 were considered as significant factors asso-
ciated with the occurrence of SAP. And these significant
factors thereafter added to multivariate-adjusted binary logis-
tic regression analysis to identify independent clinical pre-
dictors of SAP. The SAP nomogram was formulated based
on these clinical predictors in multivariate analysis by the
package of rms and was validated for discrimination and
calibration. Validation of the final nomogram was conducted
by a bootstrap method with 1000 resampling. The area under
the receiver operating characteristic curve (AUROC) was
drawn to evaluate and compare the discrimination ability of
the nomogram with that of other prediction models.
Calibration curves were obtained by plotting observed
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probabilities against predicted probabilities, to evaluate the
predictive accuracy of the final nomogram. In addition, to
determine whether the SAP nomogram could improve the
outcomes of patients, decision curve analysis (DCA) was
performed using the rmda package. With regard to clinical
usefulness, DCA can be used to quantify and compare the
potential net benefits of the predictive models,'® thus show-
ing the clinical consequences of a treatment strategy.'® ° All
statistical tests were two-sided, and p<0.05 was considered
statistically significant.

Results
Clinical Characteristics Of The Study

Cohort

A total of 983 patients were enrolled in this study between
January 2018 and January 2019. Of these patients, 120
(12.2%) were diagnosed with SAP. The incidence rate of
pneumonia after AIS was similar between the two cohorts:
70 (10.9%) of 643 patients in the training cohort, and 50
(14.7%) of 340 patients in the validation cohort. Regarding
basic clinical characteristics and laboratory variables, there
were no significant differences between the training and
validation cohorts (Table 1).

Baseline Characteristics Of Patients In
The Training Cohort Stratified By SAP

Descriptive analyses (Table 2) showed that patients diag-
nosed with SAP were older (73.3 vs 65.5 years old) and had
higher rates of atrial fibrillation (44.3% vs 9.9%), nasogas-
tric tube intervention (50.0% vs 7.2%) and mechanical
ventilation (17.1% vs 4.2%) than their counterparts without
SAP. Patients with SAP had a significantly higher NIHSS
score on admission (9.0 vs 2.0), and higher fibrinogen
(44 gL vs 3.6 g/L), leukocyte counts (9.7x10°/L vs
7.3x10%/L). We selected 10.0x10°/L as the leukocyte cutoff
point based on previous studies.?'*> The best cutoff value
for fibrinogen in the training cohort, as revealed by ROC
analysis, was 3.68 g/L. As a categorical variable, more
patients with SAP exhibited a high leukocyte count
(55.7% vs 15.7%) and high fibrinogen level (68.6% vs
36.0%) on admission than subjects without SAP (both
p<0.001; Table 2).

Construction Of The Predictive
Nomogram For SAP

Multivariable adjusted binary logistic regression analysis
demonstrated that age, category of NHISS score on

Table | Baseline Characteristics Of AlS Patients In Training And
Validation Cohort

Variables Training Validation P-value
Cohort Cohort
(n=643) (n=340)

Stroke-associated 70 (10.9%) 50 (14.7%) 0.082

pheumonia

Demographic

characteristics

Age (years) 66.3+12.0 66.4x11.4 0.885

Gender 0.392
Male, n (%) 404 (62.8%) 223 (65.6%)

Female, n (%) 239 (37.2%) 117 (34.4%)

TOAST 0.853
Large-vessel disease | 504 (78.4%) 268 (78.8%)
Cardioembolism 80 (12.4%) 47 (13.8%)

Lacunar 45 (7.0%) 19 (5.6%)

Other 6 (0.9%) 2 (0.6%)

Unknown 8 (1.2%) 4 (1.2%)

Clinical parameters

NHISS score, median 3.0 (1.0-7.0) [ 3.0 (1.0-6.0) 0.846

(IQR)

NHISS categories 0.200
04 408 (63.4%) 217 (63.8%)

5-15 198 (30.8%) 112 (32.9%)

216 37 (5.8%) 11 (3.3%)
Thrombolysis, n (%) 28 (4.4%) Il (3.2%) 0.390
Mechanical ventilation, | 36 (5.6%) 16 (4.7%) 0.552
n (%)

Nasogastric tubes 76 (11.8%) 32 (9.4%) 0.251

intervention, n (%)

Current smoking, n (%) | 264 (41.1%) 134 (39.4%) 0.617

Current drinking, n (%) | 236 (36.7%) 131 (38.5%) 0.573

SBP (mmHg) 153.74£24.5 150.9+£23.8 0.088

DBP (mmHg) 83.2+13.5 83.5+14.4 0.730

History of stroke, n (%) | 83 (12.9%) 56 (16.5%) 0.127

Pre-existing

comorbidities

Hypertension, n (%) 521 (81.0%) 282 (82.9%) 0.460

Diabetes, n (%) 275 (42.8%) 146 (42.9%) 0.958

Atrial fibrillation, n (%) | 88 (13.7%) 37 (10.9%) 0.210

Coronary heart 12 (1.9%) 9 (2.6%) 0.421

disease, n (%)

Congestive heart 19 (3.0%) 13 (3.8%) 0.465

failure, n (%)

COPD, n (%) 9 (1.4%) 3 (0.9%) 0.559

Laboratory

parameters

Fast blood glucose 6.5+2.6 6.4+2.4 0.405

(mmol/L)

HDL-C (mmol/L) 1.0£0.2 1.0£0.3 0.139

(Continued)
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Table | (Continued).

Table 2 Baseline Characteristics Of AIS Patients With SAP And
Non-SAP In Training Cohort

Variables Training Validation P-value K .
Variables Training Cohort (n=643)
Cohort Cohort
(n=643) (n=340) Non-SAP SAP (n=70) P-value
(n=573)

LDL-C (mmol/L) 2.7%1.0 2.7+0.9 0.539
SCr (umol/L) 77.5£48.5 79.0+£59.7 0.667 Demographic
GFR 88.1+21.5 87.8+20.9 0.839 characteristics
Erythrocyte (x10'%/L) | 4.4+0.6 4.4+0.5 0715 Age (years) 65.5¢11.9 73.3£10.0 <0.001
Hcy (umol/L) 13.848.6 13.5¢7.7 0.585 Gender 0.797
Leukocyte (x10%/L) 7.5£2.7 74125 0.356 Male, n (%) 361 (63.0%) 43 (61.4%)
Platelet (x10°/L) 223.4170.3 227.9169.3 0.334 Female, n (%) 212 (37.0%) 27 (38.6%)
Hemoglobin (g/L) 135.4£18.0 135.9+18.3 0.660 TOAST 0.225
Fibrinogen (g/L) 3.7z12 3512 0.123 Large-vessel 452 (78.9%) 52 (74.3%)
Total cholesterol 47+1.3 47+12 0.818 disease
(mmoliL) Cardioembolism | 66 (11.5%) 14 (20.0%)
Leukocyte categories 0.423 Lacunar 42 (7.3%) 3 (4.3%)
(x10°L) Other 6 (1.0%) 0 (0.0%)

<10.0 514 (79.9%) | 279 (82.1%) Unknown 7 (1.2%) I (1.4%)

210.0 129 (20.1%) | 61(17.9%) Clinical
Fibrinogen categories 0.133 parameters
&L NHISS score, 2.0 (1.0-6.0) 9.0 (42-12.0) | <0.001

<368 386 (60.4%) | 222 (65.3%) median (IQR)

2368 253 (39.6%) | 118 (34.7%) NHISS categories <0.001
Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic 04 390 (68.1%) 18 (25.7%)
blood pressure; GFR, glomerular filtration rate; Hcy, homocysteine; HDL-C, high- 5—15 158 (27.6%) 40 (57.|%)
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NIHSS, o o
National Institutes of Health Stroke Scale; SAP, stroke-associated pneumonia; SBP, zl6 25 (4'4/0) 12 (|7' I /°)
systolic blood pressure; SCr, serum creatinine concentration. Thrombolysis, 23 (4.0%) 5(7.1%) 0.227

n (%)
admission, atrial fibrillation, nasogastric tube intervention, Mechanical 24 (4.2%) 12 (17.1%) <0.001
mechanical ventilation, leucocyte, and fibrinogen cate- | ventiadon n (%)

i i . . Nasogastric tubes | 41 (7.2%) 35 (50.0%) <0.001
gories were independently associated with SAP (all ) ) .

o intervention, n (%)
p<0.05; Table 3). Therefore, the results indicated that Current smoking, | 237 (41.4%) 27 (38.6%) 0.654
these seven variables (age, admission NHISS, atrial fibril- n (%)
lation, nasogastric tube intervention, mechanical ventila- Current drinking, | 210 (36.6%) 26 (37.1%) 0.936
tion, leucocyte, and fibrinogen) were independent clinical n (%)

di £ i in AIS . Th SBP (mmHg) 153.3+24.5 156.9+23.8 0.245
predictors o Rne.umoma n patients. . en, we con- DBP (mmHg) 83.0413.6 8454128 0.386
structed a predictive nomogram for SAP using these seven History of stroke, | 71 (12.4%) 12 (17.1%) 0.263
independent predictors listed above, based on R software n (%)

(Figure 2). Firstly, each predictor was marked on the Pre-existing
nomogram and a vertical line to the “Points” axis was comorbidities
drawn to obtain the matching points on the point scale. Hypertension, 463 (80.8%) 58 (82.9%) 0.679
Then, the corresponding points of each predicator were | " (%)
added up to get the total points. Finally, we located the | Diaoetes: n (%) 251 (43.8%) 24 (343%) 0129

i . o ) Atrial fibrillation, | 57 (9.9%) 31 (44.3%) <0.001
total points on the “Total Points” axis and drew a vertical n (%)
line down to the “Probability of stroke-associated pneu- Coronary heart 1 (1.9%) I (1.4%) 0.774
monia” axis. The corresponding approximate probability disease, n (%)
of SAP was obtained. In addition, an example is given in Congestive heart | 15 (2.6%) 4 (5.7%) 0.149
Supplementary Figure 1 to help understand how the model | ®ure. " )
works. (Continued)
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Table 2 (Continued).

Variables Training Cohort (n=643)
Non-SAP SAP (n=70) P-value
(n=573)

COPD, n (%) 7 (1.2%) 2 (2.9%) 0.272
Laboratory
parameters
Fast blood glucose | 6.5+2.5 7.1£3.7 0.076
(mmol/L)
HDL-C (mmol/L) 1.0£0.2 1.0£0.3 0.386
LDL-C (mmol/L) 2.7+1.0 2.8+1.0 0.635
SCr (umol/L) 70.0 (59.0-85.0) 71.5 (60.0-82.8) | 0.453
GFR 90.3 (76.7-102.7) | 88.8 (72.6-95.6) | 0.091
Erythrocyte 4.4+0.5 4.40.6 0.760
(x10'%/1L)
Hcy (umol/l) 12.0 (11.0-14.0) 13.0 (11.0-15.0) | 0.201
Leukocyte 7.3%£25 9.7+34 0.001
(x10°/L)
Platelet (x10°/L) 224.5+68.6 214.4+83.0 0.256
Hemoglobin (g/L) 135.3%17.7 135.4+20.4 0.971
Fibrinogen (g/L) 3.61.1 44116 <0.001
Total cholesterol 47£1.3 4.6x1.3 0.542
(mmol/L)
Leukocyte <0.001
categories (x10%/L)

<10.0 483 (84.3%) 31 (44.3%)

210.0 90 (15.7%) 39 (55.7%)
Fibrinogen <0.001
categories (g/L)

<3.68 364 (64.0%) 22 (31.4%)

23.68 205 (36.0%) 48 (68.6%)

Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic
blood pressure; GFR, glomerular filtration rate; Hcy, homocysteine; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NIHSS,
National Institutes of Health Stroke Scale; SAP, stroke-associated pneumonia; SBP,
systolic blood pressure; SCr, serum creatinine concentration.

Validation Of The Predictive Nomogram

ROC analysis indicated that the AUROC of the SAP
nomogram in the training and validation cohorts was
0.845 (95% CI 0.814-0.872) (Figure 3A) and 0.897
(95% CI: 0.860-0.927) (Figure 3B), respectively, which
suggested good discriminative capacity of this nomogram.
In addition, in the training cohort, the calibration plot
showed an optimal agreement between the probability of
SAP predicted by the nomogram and the actual observa-
tions (Figure 4). Regarding the predicted probability ver-
sus the actual probability, the mean absolute error in the
training cohort was 0.020. Furthermore, in the validation
cohort, the calibration plot of observed versus predicted

probability of SAP also showed excellent concordance; the
mean absolute error was 0.019.

Predictive Efficacy Assessment

To assess the predicted probability of SAP, each patient
was also tested for SAP based on the ISAN, A’DS? and
PANTHERIS scores. As shown in Figure 3B, the AUROC
value of the nomogram prediction (0.897; 95% CI:
0860-0.927) was greater than those for the A’DS”
(0.791; 95% CI: 0.744-0.833), ISAN (0.779; 95% CI:
0.731-0.822), and PANTHERIS scores (0.785; 95% CI:
0.736-0.829) (all p<0.05).

DCA of the SAP nomogram, and of the ISAN, AzDsz,
and PANTHERIS scores, was performed to determine
whether these models can improve patient outcomes
(Figure 5). The DCA results indicated that the developed
nomogram had a marked net benefit for predicting SAP
when the threshold probability was >4%. Furthermore, the
net benefit was comparable, nomogram always had a
greater net benefit than the other models for predict-
ing SAP.

Discussion
In this study, we developed and validated a novel and
simple nomogram model for individualized risk manage-
ment of pneumonia in acute stroke patients. The nomo-
gram incorporated routinely collected data, including age,
NIHSS score, nasogastric tube intervention, mechanical
ventilation, atrial fibrillation, leukocyte, and fibrinogen,
and showed good discrimination and calibration abilities
in the training and validation cohorts, respectively. This
nomogram would allow the risk probability of poststroke
pneumonia to be scored easily in daily clinical practice. In
addition, it would be helpful for physician in differentiat-
ing risk management of stroke patients by weighing the
net benefit of individualized clinical decision-making.
Consistent with previous reports, the present study
showed that age, basal NIHSS score, nasogastric tube
intervention, mechanical ventilation, and atrial fibrillation
contributed to the development of SAP. As shown in
previous studies, older age was associated with higher
risk of poststroke pneumonia.®* This may have been
because older people tend to have more comorbidities
and impaired swallowing function.>* Furthermore, stroke
severity, as measured by the NIHSS, was associated with
SAP (OR=1.159). Many studies showed similar results,
i.e., that patients with high NIHSS score were more likely

25-27

to develop pneumonia after stroke, which were
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Table 3 Univariate And Multivariate Analysis Of The Associations Between SAP And Baseline Characteristics In Training Cohort

Variables Univariate Analysis Multivariate Analysis
p Coefficient | OR 95% CI P-value | B Coefficient | OR 95% CI P-value

Demography parameters
Age (years) 0.065 1.067 1.041-1.095 <0.001 0.036 1.037 | 1.007-1.068 0.016
Gender (female) 0.067 1.069 0.642-1.781 0.797
Clinical parameters
NHISS categories

04 1.000 Ref 1.000 | Ref

5-15 1.702 5.485 3.052-9.858 <0.001 0.926 2.524 | 1.256-5.075 0.009

216 2.342 10.400 | 4.513-23.967 | <0.001 1.539 4.658 | 1.385-15.663 [ 0.013
Mechanical ventilation 2.139 8.494 4.998-14.435 | <0.001 0.858 2.359 | 1.193-4.665 0.014
Nasogastric tubes intervention | 2.563 12.976 | 7.367-22.854 | <0.001 1.245 3474 | 1.677-7.197 0.001
Current smoking —0.116 0.89 0.535-1.481 0.654
Current drinking 0.021 1.021 0.611-1.707 0.936
Pre-existing comorbidities
Hypertension 0.138 1.148 0.596-2.212 0.679
Diabetes —0.401 0.669 0.398-1.126 0.130
Atrial fibrillation 1.973 7.196 4.171-12.412 | <0.001 1.377 3.962 | 1.971-7.964 <0.001
Laboratory parameters
Fibrinogen categories 1.354 3.874 2.274-6.601 <0.001 0.997 2.709 | 1.388-5.287 0.003
Leukocyte categories 1.910 6.752 4.004-11.385 | <0.001 1.070 2917 | 1.526-5.573 0.001

Abbreviations: Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; SAP, stroke-associated pneumonia.

consistent with our findings. Some studies showed that
atrial fibrillation was significantly more prevalent in
patients who developed pneumonia in the acute stroke
1.96 to 3.30.7%%
Accordingly, atrial fibrillation is included as a predictor
A’DS’
Furthermore, mechanical ventilation showed a strong asso-

stage, with ORs ranging from

of poststroke pneumonia in the score.'
ciation with the development of pneumonia after stroke. A
retrospective study including critically ill ischemic stroke
patients requiring invasive mechanical ventilation
showed that 40% of the patients developed poststroke
Another study showed that AIS patients

who received mechanical ventilation on admission had

pneumonia.®!

an almost fourfold greater likelihood of developing SAP
compared to those without mechanical ventilation.*>
Gujjar et al explained mechanical ventilation can impair
normal mucociliary clearance, allowing bacteria to colo-
nize the airways more easily and thus increase the like-
lihood of pneumonia.*® Furthermore, patients receiving
mechanical ventilation have longer hospital stays, which
increases their risk of exposure to pathogens.**

Stroke can cause dysfunction in oropharyngeal and gas-
tric regions, and in the lower esophageal sphincter.*’

Therefore, to prevent aspiration in stroke patients with
reduced levels of consciousness or severe dysphagia, some
studies suggested that nutrition should be provided through
a nasogastric tube rather than by oral feeding.*>~*® However,
although nasogastric tubes can decrease the risk of aspira-
tion during eating, patients fed in this manner remained at a
high risk of pneumonia after stroke.>’>° Related studies
showed that prolonged nasogastric tube insertion was asso-
ciated with an increased incidence of pneumonia and wor-
sening of the prognosis in stroke patients.*>*' This may be
because the presence of a nasogastric tube can exacerbate
lower esophageal sphincter dysfunction, which may lead to
reflux of gastric contents.>” In addition, infected reflux may
promote microaspiration and colonization by Gram-nega-
tive bacteria.*? It has also been suggested that cleaning of
the oral cavity by chewing and swallowing can prevent
oropharyngeal colonization by pathogenic organisms in
the elderly.* However, in tube-fed patients, the dysfunc-
tional oropharynx loses this protective function, thereby
increasing the risk of microaspiration and pneumonia due
to higher bacterial load in the saliva.*®

Recently, elevated fibrinogen levels were found in

. . . . 44 .4
patients with stroke and cardiovascular diseases.***’
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Figure 2 Nomogram model for predicting individual risk of stroke-associated pneumonia (SAP) in AlS patients. For all patients, adding up the points identified on the points
scale for all seven indicators. Then, the sum is located on the “Total Points” axis. Finally, the risk of SAP according to the nomogram is the probability of ““Stroke-associated

pneumonia” corresponding to “Total Points”.

Luyendyk et al reported that fibrinogen played an impor-
tant role in intensive inflammation and chronic low-grade
inflammation.*® Therefore, we hypothesized that fibrino-
gen may reflect inflammatory status in stroke patients.
Neutrophils are very important for the immune reaction
against bacteria in pneumonia.*’ Fibrinogen, as a plasma
protein, supports neutrophil activation by interacting with
the human leukocyte adhesion glycoprotein oMf2
integrin.*® A previous animal study showed that fibrinogen
could be synthesized and secreted by lung alveolar epithe-
lial cells during inflammatory stimulation.*” Therefore,
although leukocyte count is an important risk factor for
inflammation, fibrinogen may show better specificity and
sensitivity for predicting poststroke pneumonia. Therefore,
we included both fibrinogen and leukocyte as predictors to
predict SAP more accurately.

Previous studies have introduced various scoring sys-
tems to predict poststroke pneumonia. In terms of discri-
mination, the ISAN, A’DS? and PANTHERIS scores

performed comparably in our validation samples, but all
showed poorer discrimination ability compared to the SAP
nomogram. The ISAN score is simple, assessing only four
clinical factors on presentation to the emergency depart-
ment. A recent Chinese study”’ analyzed data from 19,333
patients in the National Stroke Registry and confirmed that
the ISAN score is effective for predicting SAP in patients
with ischemic stroke. However, the ISAN score does not
include blood biochemical parameters that can reflect the
severity of inflammation in stroke patients. Therefore, we
included leukocyte count and fibrinogen level on admis-
sion in the SAP nomogram, which captured early inflam-
mation levels in the peripheral circulation and lungs of
stroke patients. Furthermore, a series of recent prospective
studies explored the predictive validity of the A*DS? scor-
ing system. Nam et al’' reported that a high A’DS* score
is an independent risk factor for SAP. Some Chinese
studies confirmed that the A’DS® score can be used to
stratify the risk of occurrence of SAP in acute stroke
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Figure 3 Comparison of area under the receiver operating characteristic curve (AUROC) values among different scoring systems for prediction of SAP, in the training
cohort (A) and validation cohort (B). a vs b, p=0.025; a vs ¢, p=0.003; a vs d, p=0.020.
Abbreviation: Cl, confidence interval.
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Figure 4 Calibration curve of the nomogram for the training cohort (A) and the validation cohort (B). (A) mean absolute error=0.020 (training cohort); (B) mean absolute

error=0.019 (validation cohort).

patients.>>® However, dysphagia was the main predictor
of A’DS? score, and we concluded that nasogastric tube
intervention is a more direct and sensitive indicator than
dysphagia, because nasogastric tube intervention can
reflect both dysphagia and consciousness disturbance. In
addition, although nasogastric tube intervention and
mechanical ventilation are well-known risk factors for

SAP, the current prediction models do not include these
two key variables. Therefore, the advantage of our SAP
prediction model is in the incorporation of these two
important variables. The PANTHERIS score is a 12-point
SAP assessment for patients with acute infarction admitted
to the neurology intensive care unit. However, it has some
limitations, including lack of NIHSS score and evaluation
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Figure 5 Decision curves of the different scoring systems for predicting SAP. The
net benefit was calculated by adding the true-positives and subtracting the false-
positives. For a threshold probability >4%, application of the SAP nomogram would
add net benefit compared to either the treat-all strategy or the treat-none strategy.
In addition, the SAP nomogram always showed a greater net benefit than the
A’DS?, ISAN, and PANTHERIS scores for predicting SAP with a threshold prob-
ability >4%.

of swallowing function, which are important risk factors
for SAP. Our SAP nomogram addresses this deficiency,
and may therefore be more reliable than the PANTHERIS
score.

As SAP mostly occurs within the first few days after
stroke onset, adoption of timely prophylactic measures is
vital once stroke has occurred. To achieve early and accu-
rate stratification of patients at high risk of SAP, predictive
models should be simple, reliable, and carefully applied.’
Therefore, seven predictors that can be obtained on the day
of admission and comprehensively reflect the patient’s
condition were included in our model, making the SAP
nomogram both quick and easy to apply.

Among the currently available prediction tools, the
nomogram exhibited high accuracy and excellent ability
to predict outcomes, and was confirmed as one of the most
important decision-making models in modern medical
practice.’*> To our knowledge, this is the first nomogram
for prediction of SAP in stroke patients based on routinely
collected data on admission. Our findings highlighted the
role of nasogastric tube intervention, mechanical ventila-
tion, and fibrinogen level in the pathogenesis of poststroke
pneumonia. Our nomogram model showed better discrimi-
nation and calibration capabilities for predicting SAP
among AIS patients compared to the A’DS?, ISAN, and
PANTHERIS scores.

There were some limitations to our study. First, due to
our limited data and lack of external validation, there will

be some potential bias in our results. Therefore, future

multicenter studies are needed to further validate the relia-
bility and generalizability of final nomogram. Second, our
study did not systematically document all details of the
nasogastric tube interventions, such as the timing of inser-
tion, which may influence the development of respiratory
infections in stroke patients. Finally, further prospective
studies are needed to validate the reliability and stability of
the nomogram.

Conclusion

In conclusion, we have established and validated a reliable
nomogram to predict the individualized risk of poststroke
pneumonia with good discrimination and accuracy based
on routinely collected data. The proposed nomogram
might be a simple and useful tool for clinicians in making
timely individualized clinical decision according to each
patient’s individual risk.
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