
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Zheng et al. BMC Neurology          (2024) 24:287 
https://doi.org/10.1186/s12883-024-03783-0

Background
Acute ischemic stroke (AIS) is a common cause of dis-
ability and death worldwide [1, 2] and its two therapeutic 
options focus on reperfusion with intravenous throm-
bolysis and endovascular thrombectomy ( EVT ) [3, 4]. 
Stroke-associated pneumonia (SAP) is a common medi-
cal complication of stroke, with an incidence of 7–38% in 
AIS patients occurring most frequently in the first seven 
days after a stroke, which may exacerbate the disease, 
prolong hospital stays, and increase social and economic 
burdens [5–7]. EVT is a common and effective method 
for the treatment of AIS. SAP remains a threat to AIS 
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Abstract
Background  The predictive value of systemic inflammatory response index (SIRI) for stroke-associated pneumonia 
(SAP) risk in patients with acute ischemic stroke (AIS) treated by thrombectomy remains unclear. This study aimed to 
investigate the predictive value of SIRI for SAP in patients with AIS treated by thrombectomy.

Methods  We included AIS patients treated by thrombectomy between August 2018 and August 2022 at our 
institute. We used multivariate logistic regression to construct the prediction model and performed a receiver 
operating characteristic curve analysis to evaluate the ability of SIRI to predict SAP and constructed a calibration curve 
to evaluate the prediction accuracy of the model. We evaluated the clinical application value of the nomogram using 
decision curve analysis.

Results  We included 84 eligible patients with AIS in the analysis, among which 56 (66.7%) had SAP. In the univariate 
analysis, there were significant differences in sex (p = 0.035), National Institute of Health Stroke Scale score at 
admission ≥ 20 (p = 0.019) and SIRI (p < 0.001). The results of multivariable logistic analysis showed that the risk of SAP 
increased with the SIRI value (OR = 1.169, 95% CI = 1.049–1.344, p = 0.014). Age ≥ 60 (OR = 4.076, 95% CI = 1.251–14.841, 
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patients, even if they use EVT. Therefore, early identifica-
tion of SAP is essential for the timely treatment of AIS 
after EVT [8, 9].

Recently, increasing evidence has shown that inflam-
matory biomarkers, such as neutrophil-to-lymphocyte 
ratio, systemic immune-inflammation index and platelet-
to-lymphocyte ratio, are associated with SAP [10–13]. 
While these biomarkers have shown promise, the sys-
temic inflammatory response index (SIRI) offers a unique 
advantage. The systemic inflammatory response index 
(SIRI), calculated based on the number of inflamma-
tory cells in the peripheral blood, can comprehensively 
reflect the balance between the inflammatory response 
and immune status [14, 15]. SIRI has a good predictive 
value for the prognosis of some brain tumors [16] and 
aneurysmal subarachnoid hemorrhage [17, 18]. In addi-
tion, SIRI can also predict SAP in AIS patients treated 
conservatively [15]. However, the predictive value of SIRI 
for SAP risk in patients with AIS treated by thrombec-
tomy remains unclear. Therefore, this study aimed to 
investigate the relationship between SIRI and SAP in AIS 
patients treated by thrombectomy. This would help in the 
early identification of high-risk patients and ensure that 
early intervention is implemented to improve prognosis.

Methods
Patient selection
We included consecutive AIS patients who underwent 
thrombectomy at the Second Affiliated Hospital of Fujian 
Medical University within 6 h of symptom onset between 
August 2018 and August 2022. The inclusion criteria 
were: (1) patients diagnosed with ischemic stroke by digi-
tal subtraction angiography or cerebral computed tomo-
graphic angiography and who underwent thrombectomy 
within 6 h of symptom onset; (2) patients aged ≥ 18 years; 
and (3) patients with blood parameters measured within 
one day after admission, including count of lymphocyte, 
neutrophil and monocyte. The exclusion criteria were: 
(1) presence of other diseases, including hematologic 
disorders, malignant tumors, use of immunosuppressive 
drugs, active infections within two weeks before admis-
sion, and those diagnosed with pulmonary infections at 
the time of admission, and (2) missing blood parameter 
data.

This study is based on the current version of the Hel-
sinki Declaration and TRIPODreporting guidelines 

[19], and all procedures were carried out in accordance 
with relevant guidelines and regulations. This study was 
approved the medical ethics committee of the Second 
Affiliated Hospital of Fujian Medical University, China 
(Ethical approval no. 533/2022). All procedures con-
ducted in studies involving human participants complied 
with the ethical standards of the Institutional Research 
Committee. Since data were evaluated retrospectively, 
pseudonymously, and was solely obtained for treatment 
purposes, a requirement of informed consent was waived 
by the Ethics Committee of the Second Affiliated Hospi-
tal of Fujian Medical University, China (Ethical approval 
no. 533/2022).

Parameter acquisition
We collected demographic and clinical characteristics 
from the medical record database of our institute. The 
SIRI was calculated as follows: SIRI = (neutrophil count 
× monocyte count) / lymphocyte count [15]. Accord-
ing to previous research [20, 21], patients’ fasting blood 
was collected within the first day of admission, and their 
blood parameters were measured, including white blood 
cell, platelet, neutrophil, hemoglobin, lymphocyte, red 
blood cell, and monocyte counts. The National Institute 
of Health Stroke Scale (NIHSS) and Glasgow Coma Scale 
(GCS) scores were evaluated by trained neurologists 
upon admission.

Outcome measure
The outcome of this study was SAP, which occurred most 
frequently in the first seven days after a stroke. Accord-
ing to the modified Centers for Disease Control and Pre-
vention criteria, the medical diagnosis of SAP is based 
on radiographic images, clinical signs, and laboratory 
parameters of pulmonary infection [22].

Statistical analyses
We used the statistical package for the social sciences 
software (26th edition, IBMRSPSS R, Chicago, Illinois) 
for analyses. Continuous variables with normal distri-
bution were expressed as mean ± standard deviation, 
while other variables were expressed as the median and 
interquartile range (IQR). We compared nominal vari-
ables using a Pearson’s chi-square test or Fisher’s exact 
test, and continuous variables based on data distribu-
tion using the Mann-Whitney U test. Logistic regression 

p = 0.024) was also statistically significant. A nomogram with SIRI showed good prediction accuracy for SAP in AIS 
patients treated by thrombectomy (C-index value = 0.774).

Conclusions  SIRI is an independent predictor for SAP in patients with AIS treated by thrombectomy. A high SIRI value 
may allow for the early identification of patients with AIS treated by thrombectomy at high risk for SAP.

Keywords  Systemic inflammatory response index, Stroke-associated pneumonia, Predictor, Epidemiology
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analysis was used to determine predictors of postopera-
tive pneumonia after undergoing thrombectomy. We per-
formed univariate logistic regression for each variable. 
Variables with p < 0.2 in univariate analyses were used as 
input data for the multivariate logistic regression model. 
We used receiver operating characteristic (ROC) curve 
analyses to determine the area under the curve (AUC) 
values. Sensitivity, specificity, and the optimal test cut-off 
points were determined by calculating the Youden index 
(sensitivity + [1-specificity]). In addition, the nomogram 
was formulated based on these predictors in the multi-
variate analysis using the package “rms” in R (version 
3.5.2). The consistency index (equivalent to the AUC 
value, expressed as the c index) reflects the ability of the 
SIRI multivariate model to distinguish patients with or 
without pneumonia. A calibration curve was constructed 
to evaluate the model’s prediction accuracy by compar-
ing the prediction probability with the observation prob-
ability. The calibration curve was considered appropriate 
if the point on the calibration plot was close to a 45 ° 
diagonal. We used decision curve analysis to quantify the 
net benefits under different thresholds to evaluate the 
clinical effectiveness of the SAP nomogram in a cohort 
of patients with AIS treated by thrombectomy. Unless 
otherwise stated, p < 0.05 was considered statistically 
significant.

Results
Of all the patients with AIS screened at our institute 
between August 2018 and August 2022, 112 were admit-
ted within 6 h of symptom onset and treated by throm-
bectomy. Patients with missing blood cell count data 
(n = 1), malignant tumors (n = 2), and active infection 
within two weeks of admission (n = 25) were excluded. 
Finally, 84 qualified patients were included in the study 
(mean age: 64.36 years; female sex: 29 (34.5%)). Fifty-
six (66.7%) of the patients with AIS also had SAP. The 
baseline characteristics of the patients with and without 
SAP are shown in Table 1. Patients with SAP were older, 
their NIHSS score at admission was higher, their GCS 
score at admission was lower, more were male, more had 
hypertension and more required mechanical ventilation. 
The incidence of NIHSS ≥ 20 and GCS score (3–8) at 
admission were higher in patients with SAP than those 
in patients without SAP. Leukocyte, neutrophil, and 
monocyte counts were higher, and lymphocyte counts 
were lower in patients with SAP than in those without 
SAP. The median SIRI value was 7.79 [4.42–14.88] in 
patients with SAP, which was significantly higher than 
that in patients without SAP at 2.54 [1.84–6.94] (p < 0.05) 
(Table 1).

We used multivariate logistic regression analyses 
to determine the factors suitable for predicting SAP. 
After further adjusting for confounding factors, the 

results of multivariate analysis showed that the risk of 
SAP increased with the SIRI value (OR = 1.169, 95% 
CI = 1.049–1.344, p = 0.014). In addition, significant differ-
ences were observed in age (OR = 4.076, 95% CI = 1.251–
14.841, p = 0.024) (Table 2).

Based on two identified variables (age ≥ 60 and SIRI 
value), we used multivariate logistic regression to con-
struct a predictive model which was shown as a nomo-
gram (Fig. 1). We subsequently analyzed the ROC curve 
to determine the ability of SIRI values to predict SAP 
in patients with AIS treated by thrombectomy (Fig.  2). 
Through the ROC curve of the multivariate model, SIRI 
could predict SAP in patients with AIS treated by throm-
bectomy (AUC = 0.774, 95% CI = 0.666–0.881). The opti-
mal critical value of SIRI was 3.617; that is, patients with 
a score > 3.617 were more likely to develop pneumo-
nia (Youden index = 0.464, sensitivity = 82.1%, specific-
ity = 64.3%). The calibration curve was used to assess the 
risk of SAP in patients with AIS treated by thrombec-
tomy, with good consistency throughout the cohort, and 
the data points were close to the 45° diagonal (Fig. 3). The 
clinical application value of the nomogram was evaluated 
using the decision curve analysis. According to the deci-
sion curve (Fig. 4), within the threshold interval of 0–1, 
SAP prediction using this model is more profitable.

Discussion
Acute ischemic stroke (AIS) is a common cause of dis-
ability and death worldwide, especially in cases of large 
vascular occlusions requiring thrombectomy [1, 2] SAP 
worsens stroke outcomes, lengthens hospitalization, 
and increases the occurrence of severe disabilities and 
mortality [5–7]. Therefore, early identification of effec-
tive predictors of SAP is critical for timely treatment. 
To the best of our knowledge, this is the first study to 
determine the prognostic role of SIRI in the occurrence 
and progression of SAP in patients with AIS treated by 
thrombectomy.

In this retrospective single-center study, we analyzed 
the data of 84 patients with AIS treated by thrombec-
tomy, of which SAP occurred in 66.7%. We found that 
higher SIRI, the male sex, and age > 60 years were risk 
factors for SAP [23, 24]. In previous studies, a history 
of smoking, stroke severity, level of consciousness, high 
blood pressure, diabetes mellitus, and atrial fibrilla-
tion were deemed to be potential predictors of SAP, but 
similar results were not detected in the present study. 
This may be due to the relatively small sample size of our 
study. In addition, in previous reports, age was indepen-
dent predictors of SAP in patients with AIS, with higher 
rates of SAP occurring and those aged > 60 years. This is 
consistent with our findings. Furthermore, in our study, 
SIRI levels were significantly higher in SAP patients with 
AIS treated by thrombectomy than in non-SAP patients 
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with AIS treated by thrombectomy (OR = 1.171, 95% 
CI = 1.034–1.325, p = 0.013), indicating that SIRI might 
be an independent predictor of SAP in patients with AIS 
treated by thrombectomy. In addition, the optimal criti-
cal value of SIRI was 3.617, and prevention and treatment 
are recommended for patients with SIRI > 3.617.

Nomograms are widely used to predict the possibil-
ity of clinical events by integrating various variables. In 
the present analysis, we constructed a reliable and con-
venient nomogram to predict SAP in patients with AIS 
treated by thrombectomy. By integrating demographic 
characteristics, clinical symptoms, and serum biological 

indicators, our study developed a nomogram using SIRI. 
This tool assigns points on a scale to each predictor value 
and the total points indicate a predicted risk of SAP in 
patients with AIS who underwent thrombectomy. Our 
findings suggest that the nomogram has high predictive 
accuracy and can assist clinicians in making timely deci-
sions for the management of these patients.

The close relationship between SIRI and SAP may be 
due to stroke-induced immunosuppression. A prolonged 
excessive inflammatory response depletes the immune 
system, ultimately suppressing systemic immunity to 
protect the brain [25]. However, this makes the body 

Table 1  Comparison of baseline characteristics of AIS patients with and without SAP
Variables Non-SAP(n = 28) SAP(n = 56) p-value
Demographic characteristic
  Age, years, mean ± SD 60.82 ± 13.54 66.13 ± 12.65 0.081
  Age ≥ 60 14(50%) 39(69.6%) 0.079
  Sex, female, n(%) 14(50%) 15(26.8%) 0.035
  Hypertension, n(%) 16(57.1%) 40(71.4%) 0.19
  Diabetes, n(%) 7(25%) 18(32.1%) 0.5
  Hyperlipidemia, n(%) 7 (25%) 10(17.9%) 0.442
  Coronary heart disease, n(%) 5(17.9%) 8(14.3%) 0.67
  Atrial fibrillation, n(%) 9(32.1%) 22(39.3%) 0.522
  Smoking history, n(%) 4(14.3) 5(8.9%) 0.708
Previous stroke Type
  Ischemic stroke, n(%) 5(17.9%) 4(7.1%) 0.262
  Hemorrhagic stroke, n(%) 0(0%) 2(3.6%) 0.55
Clinical characteristics
  Hospitalization duration, days median[IQR] 10.74[8.34–17.68] 13.91[6.43–20.49] 0.489
  coma at admission, n(%) 4(14.3%) 16(28.6%) 0.239
  NIHSS at admission, median[IQR] 13.5[12–19.75] 19.5[14–24.75] 0.021
  NIHSS at admission ≥ 20 7(25%) 29(51.8%) 0.019
  GCS at admission 0.076
    3–8 10(35.7%) 32(57.1%)
    9–12 12(42.9%) 20(35.7%)
    13–15 6(21.4%) 4(7.1%)
  Mechanical ventilation, n(%) 2(7.1%) 12(21.4%) 0.178
  Gnesthesia methods 0.072
    local anesthesia 28(100.0%) 18(89.3%)
    general anesthesia 0 (0.0%) 10(10.7%)
  Oclusion site 0.091
    anterior circulation 25(89.3%) 41(73.2%)
    posterior circulation 3 (10.7%) 15(26.8%)
Laboratory parameters
  Leukocyte, 109/L, median[IQR] 9.50[7.24–14.83] 12.06[10–16.53] 0.031
  Neutrophils, 109/L, median[IQR] 7.21[4.69–12.72] 10.47[8.09–14.85] 0.013
  Monocytes, 109/L, median[IQR] 0.46[0.29–0.78] 0.65[0.45–0.91] 0.026
  Lymphocytes, 109/L, median[IQR] 1.21[0.83–1.69] 1.02[0.63–1.32] 0.07
  Platelet, 109/L, median[IQR] 209[176.5–244.5] 190[169.25–245.25] 0.375
  Erythrocyte, 1012/L, median[IQR] 4.06[3.81–4.6] 4.19[3.78–4.58] 0.761
  Hemoglobin, g/dL, median[IQR] 116[112.25–140] 125[111.25–136.25] 0.608
  SIRI, 109/L, median[IQR] 2.54[1.84–6.94] 7.79[4.42–14.88] < 0.001
AIS: acute ischemic stroke; GCS: Glasgow Coma Scale; NIHSS: National Institute of Health Stroke Scale; SAP: stroke-associated pneumonia; SIRI: systemic inflammatory 
response index
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more vulnerable to pathogens, leading to stroke-induced 
immunosuppression syndrome (SIDS) and infections [25, 
26]. SIDS is associated with the activation of the sym-
pathetic nervous system (SNS) [27], parasympathetic 
nervous system (PNS) [28], and hypothalamic-pituitary-
adrenal (HPA) axis [29]. Stroke initially overstimulates 

the SNS, releasing catecholamines (epinephrine, nor-
epinephrine, and dopamine) into the bloodstream [30]. 
Persistent high catecholamine levels reduce circulating 
lymphocytes, weakening immune function and increas-
ing SAP risk [31]. Through the cholinergic anti-inflam-
matory pathway, the PNS releases acetylcholine to inhibit 

Table 2  Multivariable logistic regression of the independent predicting factors of SAP in AIS patients
Variables Univariate analysis Multivariate analysis

p-value p-value OR 95% CI
Age ≥ 60 0.082 0.024* 4.076 1.251–14.841
Sex, female 0.038 0.061 3.259 0.982–12.003
Hypertension 0.193 0.839 1.130 0.339–3.641
NIHSS at admission ≥ 20 0.022 0.767 1.294 0.294–5.269
GCS at admission 0.474
  3–8 Reference
  9–12 0.205 0.324 0.519 0.137–1.912
  13–15 0.034 0.275 0.366 0.055–2.157
Mechanical ventilation 0.797 0.779 0.782 0.122–6.558
Occlussion site 0.102 0.751 1.303 0.266–7.664
SIRI 0.004 0.014* 1.169 1.049–1.344
AIS: acute ischemic stroke; CI: confidence interval; GCS: Glasgow Coma Scale; NA: not applicable; NIHSS: National Institute of Health Stroke Scale; OR: odds ratio; 
SAP: stroke-associated pneumonia; SIRI: systemic inflammatory response index. Variables with p < 0.20 in univariate analysis were included in multivariable logistic 
regression models for adjustment; *p < 0.05. Multivariable logistic regression was adjusted for age ≥ 60 years, sex, hypertension, mechanical ventilation, admission 
NIHSS score ≥ 20, GCS score at admission, occlussion site and SIRI

Fig. 1  Nomogram for predicting SAP in patients with AIS treated by thrombectomy. The risk nomogram is based on sex, age, and SIRI values. The total 
score of each variable corresponds to a probability of pneumonia. AIS: acute ischemic stroke; SAP: stroke-associated pneumonia; SIRI: systemic inflam-
matory response index
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peripheral inflammatory cytokines [32]. Overstimula-
tion of this pathway post-stroke can elevate pulmonary 
infection risk [33]. In response to post-stroke inflamma-
tion, the hypothalamus activates the HPA axis, leading to 

excessive glucocorticoid secretion [34, 35]. Furthermore, 
glucocorticoids have anti-inflammatory properties; how-
ever, their high levels further suppress immunity, increas-
ing pneumonia risk [36].

This study had several limitations. First, because our 
study was conducted at a single center and was retro-
spective, the relatively small sample size might have 
compromised the power of the primary results. Second, 
this study used blood parameters on the first day after 
admission. Therefore, subsequent studies are required 
to explore the relationship between blood parameters of 
emergency admission and SAP. Third, whether throm-
bectomy may cause a systemic inflammatory response to 
mask the SIRI associated with SAP could not be deter-
mined in the present study; therefore, subsequent stud-
ies are required to investigate this detail. Finally, Further 
analysis of the dynamic changes in these inflammatory 
markers could not be achieved in the present study. 
Future studies are needed to determine whether changes 
in the SIRI over time are related to the occurrence of SAP 
in patients with AIS treated by thrombectomy.

Conclusions
SIRI is an independent predictor of SAP in patients with 
AIS treated by thrombectomy. A high SIRI value may 
contribute to the early identification of patients with AIS 
treated by thrombectomy at high risk for SAP. Future 

Fig. 4  Decision curve analysis of a nomogram for assessing the risk of SAP 
in patients with AIS treated by thrombectomy. The Y-axis represents the 
net benefit. The grey line indicates all patients with pneumonia. The black 
line indicates no pneumonia. The red solid line indicates the risk of pneu-
monia in the prediction model. AIS: acute ischemic stroke; SAP: stroke-
associated pneumonia

 

Fig. 3  Calibration curve of nomogram predicting SAP in patients with AIS 
treated by thrombectomy. Note: The prediction of SAP is presented on 
the X-axis and the actual SAP is presented on the Y-axis. The thick dotted 
line symbolizes an excellent prediction with an ideal model. The solid line 
epitomizes the performance of our prediction mode, and the thin dot-
ted line typifies the performance of our optimized model. When the thin 
dotted line is closer to the thick dotted line, the model is more accurate. 
When the c index is closer to 1, the accuracy of the nomogram for the risk 
of SAP in hospitalized patients is higher. AIS: acute ischemic stroke; SAP: 
stroke-associated pneumonia

 

Fig. 2  ROC curve of the multivariate SIRI regression model, representing 
prediction accuracy. ROC: receiver operating characteristic; SIRI: systemic 
inflammatory response index
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studies with larger sample sizes are required to confirm 
these findings.
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