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Purpose: Systemic inflammatory response index (SIRI) was an independent predictor of the prognosis of many diseases. 
Inflammatory prognostic index (IPI) was a new inflammatory prognostic marker with certain clinical significance. We aimed to 
explore the association between SIRI, IPI and early stage severity of stroke as well as 3-month outcome of AIS patients.
Patients and Methods: A total of 63 AIS patients who treated with alteplase were selected. The patients were divided into mild 
group and moderate to severe group according to the National Institutes of Health Stroke Scale (NIHSS) scores. According to the 
modified Rankin scale (mRS) score, patients were divided into the good prognosis group and the poor prognosis group. Spearman 
correlation statistically analyzed the correlation between SIRI, IPI and NIHSS score. Univariate and multivariate logistic regression 
analyzed the risk factors of 3-month prognosis. ROC curve was adopted to predict the effect of SIRI and IPI levels on poor prognosis 
in AIS patients.
Results: Spearman analysis showed that there was positively correlated with NIHSS score and IPI in mild AIS group (r=0.541, 
P<0.05). Compared with the mild group, SIRI and IPI in the moderate to severe group was significantly higher (P<0.05). The SIRI and 
IPI in the poor prognosis group were significantly higher than those in the good prognosis group (P<0.05). Univariate and multivariate 
logistic regression analysis showed that SIRI and IPI were independent prognostic factors for the 3-month prognosis of AIS patients 
(P< 0.05). The ROC curve showed that the areas under the 3-month prognosis curve predicted by SIRI and IPI were 0.685, 0.774 
respectively.
Conclusion: IPI is correlated with stroke severity at admission. SIRI and IPI are independent predictors of short-term prognosis in 
AIS patients. SIRI and IPI can be a novel the good short-term prognostic biomarker for AIS patients treated with intravenous 
thrombolysis.
Keywords: acute ischemic stroke, systemic inflammatory response index, inflammatory prognosis index, short term prognosis

Introduction
Acute ischemic stroke (AIS) is mainly caused by cerebral ischemia and hypoxia caused by cerebral vascular thrombosis, 
resulting in the serious destruction of neurons, astrocytes and oligomutant glia. AIS has the characteristics of acute onset, 
rapid symptom progression and poor prognosis. It is one of the main causes of disability and death in middle-aged and 
elderly people.1 The 2018 edition of the guidelines for the diagnosis and treatment of acute ischemic stroke in China2 

recommends that the AIS patients within 4.5 hours of onset should be treated with intravenous thrombolysis with 
alteplase (rt-PA). rt-PA is a thrombolytic drug, which can directly activate plasminogen and play a role in thrombolysis 
and restoring the blood flow supply of occluded vessels.3,4 Powers WJ had found that nearly half of AIS patients tend to 

International Journal of General Medicine 2022:15 7907–7918                                           7907
© 2022 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 2 August 2022
Accepted: 13 October 2022
Published: 22 October 2022

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


have poor function outcomes after the therapy of intravenous thrombolysis.5 It was still of vital importance to establish 
accurate prognostic models of the functional outcome in patients after ischemic stroke.6

Inflammation has been increasingly recognized as a key factor in the pathophysiology of acute ischemic stroke.7 The 
components of immune system are closely related to the occurrence of ischemic brain injury. Immunosuppression secondary 
to cerebral ischemia may promote concurrent infection. Systemic inflammatory response index (SIRI), a new inflammatory 
marker based on the counts of neutrophils, monocytes and lymphocytes in peripheral blood, is an independent predictor of the 
prognosis of many diseases. Furthermore, SIRI has been widely considered in disease diagnosis and prognosis evaluation in 
recent years.8–11 Topkan et al12 have found that SIRI could be a novel, sound, and independent predictor of survival outcomes 
in patients with newly diagnosed glioblastoma multiforme who underwent postoperative Stupp protocol. The inflammatory 
prognostic index (IPI) establishes a new inflammatory prognostic model, which is an independent risk factor for the survival 
and prognosis of patients with non-small cell lung cancer (NSCLC).13

Now, we need through a better laboratory examination to quickly identify the type of AIS disease, evaluate the 
hypercoagulable state, and give precise treatment with early personalized intervention. So we aimed to systematically 
explore the relationship between SIRI, IPI and the severity of ischemic stroke and their prognostic value at 3-month 
follow-up in AIS patients treated with rt-PA.

Patients and Methods
Patients Selection
This prospective study consecutively selected 84 AIS patients who received intravenous thrombolysis with alteplase (rt- 
PA) in the stroke center (Department of Neurology) of Urumqi Friendship Hospital from May 30, 2020 to August 30, 
2021. This study was reviewed and approved by the ethics committee of Urumqi friendship hospital.

Inclusion and exclusion criteria for AIS patients were as follows: (1) Inclusion criteria: ① age > 18 years old; ② 
Meet the diagnostic criteria of ischemic stroke in Chinese AIS diagnosis and treatment guidelines; ③ The onset-to- 
treatment (OTT) of the included patients received rt-PA intravenous thrombolysis within 4.5 hours; ④ The patients are 
with first-ever ischemic stroke event; ⑤ The patients are with first-ever ischemic stroke event. (2) Exclusion criteria: 
①Previous intracranial hemorrhage, including suspected subarachnoid hemorrhage; Have a history of head trauma in the 
past 3 months; Gastroinr urinary bleeding in recent 3 weeks; Excessive surgical operations in the last 2 weeks; In 
retestinal recent 1 week Puncture the artery at the site where hemostasis is not easy to be pressed. ② There was a history 
of cerebral infarction or myocardial infarction in the past 3 months, but old small lacunar infarction was not included and 
no neurological signs were left. ③ Patients with severe heart, liver and kidney dysfunction or severe diabetes. ④ 

Physical examination found active evidence of blood or trauma (such as fracture). ⑤ Oral anticoagulants have been 
taken and INR > 15; Received heparin treatment within 48h (APTT exceeded Normal range). ⑥ Platelet count is lower 
than 100×109/L and blood glucose is lower than 27mmol/L. ⑦ Blood pressure: systolic blood pressure >180mmhg, or 
diastolic blood pressure >100mmhg. ⑧ Pregnancy. ⑨ I do not cooperate. ⑩ Those who died during follow-up. 
Overall,63 patients were included in our study. Figure 1 presents the selection of patients in a flow chart.

Data Collection
Outcome Measures
(1) before thrombolysis, 2 mL of venous blood was collected with EDTA-K2 anticoagulant vacuum tube. Within 30 
minutes after reversing evenly, it was detected with automatic Mindray cal 8000 blood cell analyzer. (2) Before 
thrombolysis, collect 3~5 mL of venous blood with a coagulation promoting tube, centrifuge at 3500 rpm for 10 min, 
use Roche Cobas 8000 automatic biochemical analyzer to detect albumin, creatinine, urea nitrogen, blood glucose and 
other indicators, and use Roche diagnostic reagents to complete the detection within 4 hours. (3) Before thrombolysis, 
use sodium citrate anticoagulant vacuum tube to collect 3 mL of venous blood, centrifuge at 3500 rpm for 15 min, 
separate plasma, use STAGO compact Max Automatic Coagulation Analyzer to detect coagulation function indexes, and 
use STAGO matching reagent to complete the detection within 2 h.
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Computing Method
SIRI (109/L) = Neutrophil (109/L) × Monocyte (109/L) / lymphocyte (109/L)
IPI = C-reactive protein (g/L) × Neutrophil (109/L) / lymphocyte (109/L) / albumin (g/L).

Diagnostic Criteria
(1) The severity of ischemic stroke was assessed by the National Institutes of Health Stroke Scale (NIHSS) scores on 
admission and stroke subtypes were evaluated by experienced clinicians. NIHSS > 5 was considered as moderate to 
severe stroke, and 0 < NIHSS ≤ 5 was considered as mild stroke.14 (2) The short-term prognosis was evaluated by 
modified Rankin Scale (mRS). mRS scores range from 0 to 6, mRS score of 0~2 was regarded as good prognosis, and the 
score of 3~6 was regarded as poor prognosis based on the 90-d mRS score at outpatient or telephone follow-up.15

Statistical Analysis
Kolmogorov–Smirnov test was used to check the distribution normality. Normally distributed continuous variables are 
summarized as mean ± SD, and nonnormally distributed continuous variables are expressed as median and interquartile 
range (IQR). Nominal variables were compared using Spearman’s chi-squared test, and comparisons of continuous 
variables were made using the Mann–Whitney U-test based on the data distribution. The count data were expressed by 
the number of cases or rate and analyzed by χ2 test. Logistic regression analysis was used to determine poor outcome at 
3-months. Variables with P<0.05 in the univariate analysis were included in the multivariate logistic regression model.

Receiver operating characteristic (ROC) curves were used to evaluate the ability of the SIRI and IPI index to predict 
the clinical treatment outcome of different AIS patients. The optimal test cut-off point was established by calculating 
Youden’s index.

Statistical significance was set at P<0.05. Statistical analysis was performed using SPSS 22.0.

Figure 1 Flow chart for patients’ selection.
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Results
Baseline Clinical Characteristics of AIS Subjects in the Two Groups
The prospective study had enrolled 63 AIS patients. The baseline characteristics are displayed in Table 1. Statistical 
analysis showed that there were significant differences in age, ADL score, swallowing function score, DNT, uric acid, 
triglyceride, glucose, platelet, INR, fibrinogen, D2 polymer, red blood cell, C-reactive protein (CRP), length of hospital 
stay, SIRI and IPI indexes between mild AIS group and moderate to severe AIS group. The average level of age, 
swallowing function score, platelet, INR, fibrinogen, D2 polymer, CRP, length of hospital stay, SIRI, IPI in moderate to 
severe AIS patients were significantly higher (P< 0.05) than mild AIS patients’.

Correlation Between Admission NIHSS Score and SIRI Level in Two Groups of AIS 
Patients
Spearman correlation analysis showed that SIRI was not correlated with NIHSS score (rs = 0.226, P> 0.05) (Figure 2A). 
Mann–Whitney U-test (Wilcoxon rank sum test) showed that SIRI level in moderate to severe AIS patients (NIHSS score > 5) 
remained higher than mild AIS patients’ (0< NIHSSscore≤ 5) (median:1.77 vs 0.94, P< 0.05) (Figure 2B).

Correlation Between Admission NIHSS Score and IPI Level in Tow Groups of AIS Patients
Spearman correlation analysis showed that IPI was positively correlated with NIHSS score (rs = 0447, P< 0.05) (Figure 3A). 
Mann–Whitney U-test (Wilcoxon rank sum test) showed that IPI level in moderate to severe AIS patients (NIHSS score > 5) 
remained higher than mild AIS patients’ (0 < NIHSSscore ≤ 5) (median:0.31 vs 0.06, P< 0.05) (Figure 3B).

Table 1 Comparison of Baseline Clinical Indexes Between Mild AIS Group and Moderate to Severe AIS Group

Mild AIS Group (19) Moderate to Severe AIS Group (44) t,/ Z/χ2 P

Sex (male, n%) 13(68.4) 31(70.5) 1.27 0.37

Age (years) 57.6±4.3 68.7±11.8 −5.42 0.001*

Uygur ethnic group (n%) 10(52.6) 26(59.1) 1.24 0.54
Han nationality (n%) 6(31.6) 14(31.8)

Other nationalities (n%) 3(15.8) 3(9.1)

ADL scorec 80.0(70.0–100.0) 30 (20.0–60.0) −3.42 0.001*
Swallowing function scorec 1.0 (1.0–1.8) 4.0 (2.0–5.0) −5.07 0.001*

DNT (min)c 150.0(96.8–150.0) 55.0 (45.0–79.0) −1.98 0.04*

Uric acid (umol/L)c 384.0(287.0–440.0) 288.0(232.0–349.0) −3.24 0.001*
Cholesterol (mmol/L)c 4.66(4.25–5.06) 4.71(4.35–5.33) −0.11 0.92

Triglyceride (mmol/L)c 2.54(1.99–3.86) 1.12(0.80–1.71) −4.07 0.001*

Glucose (mmol/L)c 6.05(5.20–11.05) 6.46(6.14–13.40) −3.33 0.001*
PT(S)c 12.3(12.3–12.8) 13.1(12.5–13.6) −2.70 0.007*

INRc 0.95(0.91–1.01) 1.00(0.94–1.04) −2.70 0.007*

Fibrinogen (g/L)c 2.89(2.82–3.56) 3.81(3.20–4.31) −2.61 0.009*
Albumin (g/L)c 41.0(36.6–43.0) 38.8(38.4–42.0) −1.19 0.23

D2polymer (mg/L)c 0.31(0.21–0.38) 1.01(0.63–1.49) −4.58 0.001*

Neutrophil (109/L) 4.68±1.22 5.71±1.84 −1.18 0.24
Lymphocyte (109/L)c 2.16(1.78–2.67) 1.45(1.23–1.51) −0.95 0.35

Monocyte (109/L) 0.40 (0.33–0.54) 0.41(0.37–0.48) −1.85 0.06

Red blood cell (1012/L)c 5.16(4.36–5.55) 4.75(4.59–5.06) −3.23 0.001*
Platelet (109/L)c 168.0 (138.0–272.5) 236.0 (223.0–289.0) −0.63 0.53

CRP (mg/L)c 1.11(0.66–4.06) 3.42(1.14–11.56) −2.60 0.009*

Length of stay (day)c 7.0(6.0–13.0) 10.0(7.0–15.0) −2.49 0.01*
SIRI (109/L)c 0.94(0.65–1.29) 1.77(1.04–2.58) −3.24 0.001*

IPIc 0.06(0.04–0.20) 0.31(0.06–0.67) −2.47 0.018*

Notes: *p< 0.05 indicates that the difference is statistically significant. Cis represented by M (q1-q3). 
Abbreviations: NIHSS, National Institute of Health stroke scale; ADL, activities of daily living; DNT, door to needle time; PT, prothrombin time; INR, international 
normalized ratio; CRP, C-reactive protein; SIRI, systemic inflammatory response index; IPI, inflammatory prognostic index.
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Baseline Clinical Characteristics of AIS Subjects in Good Prognosis Group and Poor 
Prognosis Group
Among the 63 AIS patients in this study, 45 patients had a good prognosis while 18 patients had a poor prognosis. The 
baseline characteristics are displayed in Table 2. There were significant differences in swallowing function score, uric 
acid, triglyceride, PT, INR, fibrinogen, D2 polymer, lymphocyte, red blood cell, CRP, SIRI and IPI between the poor 
prognosis group and the good one. The average level of swallowing function score, triglyceride, PT, INR, fibrinogen, 
D2 polymer, CRP, SIRI and IPI in poor prognosis group were significantly higher (P<0.05) than good prognosis 
group’s.

Univariate and Multivariate Logistic Analysis of SIRI, IPI and Poor 3-Month Outcome in 
AIS Patients
As is shown in the univariate regression analyses, swallowing function score, PT, fibrinogen, D2 polymer, CRP, GPS, 
SIRI and IPI were significantly associated with the poor outcome at three months. To figure out whether high SIRI and 
IPI were an independent prognostic indicator for poor outcome in three months. Variables with P<0.05 in the univariate 
analysis were included in the multivariate logistic regression model. After adjusting to potential confounders mentioned 

Figure 2 (A) Correlation between admission NIHSS score and SIRI level in two groups of AIS patients. (B) Differences of SIRI levels between two groups of AIS patients. 
Abbreviations: SIRI, systemic inflammatory response index; NIHSS, National Institute of Health stroke scale.

Figure 3 (A) Correlation between NIHSS score and IPI level in two groups of AIS patients. (B) Differences of IPI levels between two groups of AIS patients. 
Abbreviations: IPI, inflammatory prognostic index; NIHSS, National Institute of Health.
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above, multivariate analysis showed that high SIRI remained independently associated with poor 3-month function 
outcome (OR=1.407, 95% CI=0.833~2.377, P<0.05) and high IPI also remained independently associated with poor 
3-month function outcome (OR=1.306, 95% CI = 0.887~1.953, P< 0.05) (Table 3).

Table 2 Baseline Clinical Characteristics of AIS Subjects in Good Prognosis Group and Poor Prognosis Group

Good Prognosis Group (45) Poor Prognosis Group (18) t,/ Z/χ2 p

Sex (male, n%) 20(44.4) 6(33.3) 1.89 0.17
Age (years) 66.2±11.5 66.0±14.26 2.34 1.00

Uygur ethnic group (n%) 27(60.0) 9(50.0) 2.04 0.15

Han nationality (n%) 15(33.3) 6(33.3)
Other nationalities (n%) 3(6.7) 3(16.7)

NIHSS score 9.9±5.9 13.2±5.0 −1.51 0.14

ADL scorec 55.0(30.0–70.0) 65(20.0–100.0) −0.51 0.61
Swallowing function scorec 3.0(2.0–4.0) 4.0(2.0–5.0) −2.84 0.004*

DNT (min)c 76.0(49.0–105.0) 62.5(600–124.0) −1.03 0.30
Uric acid (umol/L)c 360.0(306.0–420.0) 212.0(70.0–271.0) −4.59 0.001*

Cholesterol (mmol/L)c 4.91(4.66–5.33) 4.55(4.25–4.67) −0.91 0.36

Triglyceride (mmol/L)c 1.63(0.97–2.79) 1.71(0.80–2.54) −2.54 0.01*
Glucose (mmol/L)c 6.41(5.80–11.05) 6.25(6.05–13.40) −0.96 0.34

PT(S)c 12.5(12.3–13.4) 13.3(12.53–13.8) −3.77 0.001*

INRc 0.98(0.93–1.01) 1.04(1.00–1.07) −3.09 0.002*
Fibrinogen (g/L)c 3.20(2.84–3.81) 3.98(3.81–4.16) −3.77 0.001*

Albumin (g/L)c 40.0±3.2 38.3±2.8 1.95 0.06

D2 polymer (mg/L)c 0.49(0.33–0.96) 1.71(0.43–1.95) −3.63 0.001*
Neutrophil(109/L) 4.95(3.95–6.74) 5.06(3.66–6.77) −0.09 0.93

Lymphocyte (109/L)c 1.96(1.51–2.43) 1.34(1.09–1.89) −2.81 0.005*

Monocyte (109/L) 0.48(0.39–0.67) 0.51(0.37–0.77) –0.48 0.63
Red blood cell (1012/L)c 5.03(4.59–5.44) 4.97(4.88–5.06) −2.74 0.006*

Platelet (109/L)c 192.0 (159.0–292.5) 205.0 (175.0–236.0) −1.51 0.13

CRP (mg/L)c 0.90(0.39–4.06) 3.22(0.26–6.17) −2.47 0.01*
Length of stay (day)c 8.0(6.0–13.0) 11.5(10.0–13.0) −1.58 0.11

SIRI (109/L)c 1.39(0.73–1.97) 1.62(1.29–5.55) −2.28 0.02*

IPI c 0.09(0.05–0.31) 0.64(0.38–1.11) −3.15 0.002*

Notes: *p< 0.05 indicates that the difference is statistically significant. Cis represented by M (q1-q3). 
Abbreviations: NIHSS, National Institute of Health stroke scale; ADL, activities of daily living; DNT, door to needle time; PT, prothrombin time; INR, International 
normalized ratio; CRP, C-reactive protein; SIRI, systemic inflammatory response index; IPI, inflammatory prognostic index.

Table 3 Univariate and Multivariate Logistic Analysis of SIRI, IPI and Poor 3-Month Outcome in AIS Patients

Influence Factor Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Swallowing function score 1.754 1.128–2.726 0.013* 0.665 0.300–1.475 0.316

Uric acid (umol/L) 0.980 0.970–0.991 0.001* 1.036 1.008–1.064 0.011*
Triglyceride (mmol/L) 0.344 0.145–0.817 0.016* 0.265 0.027–2.622 0.265

PT(S) 4.927 1.807–13.434 0.002* 0.155 0.020–1.226 0.077

Fibrinogen (g/L) 6.540 2.062–20.743 0.001* 0.021 0.001–0.482 0.016*
D2 polymer (mg/L) 8.662 2.515–29.832 0.001* 0.114 0.015–0.864 0.036*

Lymphocyte (109/L) 0.211 0.062–0.714 0.012* 0.315 0.040–2.488 0.273

Red blood cell (1012/L) 0.196 0.063–0.613 0.005* 3.821 0.737–19.813 0.110
CRP (mg/L) 1.088 1.000–1.183 0.050* 0.987 0.898–1.085 0.790

SIRI (109/L) 1.530 1.027–2.278 0.037* 1.407 0.833–2.377 0.044*

IPI 1.627 1.068–2.469 0.024* 1.306 0.887–1.950 0.029*

Note: *p< 0.05 indicates that the difference is statistically significant. 
Abbreviations: PT, prothrombin time; CRP, C-reactive protein; SIRI, systemic inflammatory response index; IPI, inflammatory prognostic index.
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The ROC Curve Analysis of SIRI and IPI in the Diagnosis of Short-Term Poor 
Outcome in AIS Patients
According to ROC analysis, the SIRI index had low accuracy. The SIRI cut-off value that distinguished 3-month poor 
outcome was 1.010×109 /L with a sensitivity of 1.000 and a specificity of 0.467. The area under curve (AUC) was 0.685 
(95% CI=0.546~0.826, P<0.05). The IPI cut-off value that best-distinguished 3-month poor outcome was 0.343 with 
a sensitivity of 0.667 and a specificity of 0.867. The AUC was 0.756 (95% CI=0.604~0.826, P<0.05) (Figure 4).

Discussion
Acute ischemic stroke (AIS) has a high incidence rate, disability rate and mortality, and currently ranks first among the 
fatal diseases in China.16 Although antithrombotic and reperfusion therapy have improved the prognosis, there are still 
some AIS patients with poor prognosis.17 In view of the heavy burden of adverse prognostic outcomes of stroke, more 
attention is focused on the identification of new prognostic markers, so that personalized treatment schemes could be 
formulated to maximize the quality of life of patients. Studies have shown that inflammatory response played an 
important role in the progression of AIS patients. Animal experiments and clinical studies have confirmed that focal 
ischemia and hypoxia in the acute stage of stroke induces a cascade inflammatory reaction characterized by peripheral 
immune cell recruitment and cytokine secretion. Inflammatory factors accumulate in the focus and surrounding tissues 
for several weeks, leading to secondary brain injury of stroke, aggravation of patients’ condition and occurrence of 
adverse prognostic events.18,19 Previous studies on AIS have identified that some inflammatory factors such as the ratio 
of neutrophils to lymphocytes,20 C-reactive protein,21 interleukin 622 and other inflammatory factors were related to the 
development of AIS disease. Systemic inflammatory response index (SIRI) and inflammatory prognostic index (IPI) are 
new inflammatory markers, which are closely related to tumors and cardiovascular diseases.23 According to the relevant 
literature, there are few studies on the relationship between SIRI, IPI and the condition evaluation of AIS patients and the 
short-term prognosis after rt-PA intravenous thrombolysis. Based on the clinical data and related experimental indexes 
(SIRI, IPI, etc.) of AIS patients in the stroke center of Urumqi Friendship Hospital, the condition evaluation of AIS 
patients and the short-term prognosis of rt-PA intravenous thrombolysis. The results showed that IPI index could 
effectively and objectively evaluate the severity of AIS patients. Univariate and multivariate Logistic analysis that 

Figure 4 The value of ROC calculation of SIRI and IPI in the diagnosis of short-term poor outcome in AIS patients. 
Abbreviations: SIRI, systemic inflammatory response index; IPI, inflammatory prognostic index.
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SIRI and IPI were independent risk factors for short-term prognosis of AIS patients. Results of ROC analysis demon-
strated that SIRI and IPI indexes had certain accuracy in predicting the 3-month prognosis of AIS patients. SIRI and IPI 
were comprehensive in predicting the short-term prognosis of AIS patients, and might be used as a new index to assist in 
evaluating the poor short-term prognosis of AIS patients. Next, we will discuss the effects of SIRI and IPI on immune 
function in AIS patients and their interaction mechanism.

SIRI index is obtained according to the counts of neutrophils, monocytes and lymphocytes in peripheral blood, which is an 
independent prognostic factor for a variety of malignant tumors.24,25 SIRI represents innate immune system and adaptive 
immune system, and is easy to obtain, non-invasive and cheap marker. It can be routinely used to evaluate the inflammatory 
state of the body system in practical clinical work. When atherosclerosis occurs, neutrophils, as the first responding cells, 
quickly gather in the ischemic focus, destroy the endothelial cell membrane and basement membrane by releasing proin-
flammatory factors, such as inducible nitric oxide synthase, elastase, cathepsin and matrix metalloproteinase, and promote the 
destruction of blood-brain barrier and the occurrence of brain edema.26 Studies have shown that the increasing number of 
neutrophils were associated with stroke severity, infarct size and worse prognosis.27–29 In ischemic stroke, monocytes 
migrated and infiltrated in the early stage of tissue injury and reached a peak within 7 days after injury.30 Stimulated by 
oxidized LDL, monocytes differentiated into macrophages. Macrophages not only phagocytized low-density lipoprotein into 
foam cells, but also secreted interleukin-1, tumor necrosis factor and other inflammatory factors.31,32 Activated monocytes 
could secrete vascular endothelial growth factor, increase vascular permeability and aggravate the damage of blood–brain 
barrier.33 The number of monocytes might be a biomarker of clinical prognosis and could be used as an early indicator of 
disease severity in AIS patients.34 Lymphocytes have been shown to play an important role in curing inflammation.35 

Experiments have shown that T lymphocytes and B lymphocytes mainly had regulatory function, reduced the volume of 
ischemic tissue in ischemic stroke and improved the function after neurological deficit.36,37 Clinical data confirmed that lower 
lymphocyte counts in AIS patients were associated with long-term poor prognosis.29 SIRI index is a composite marker of 
neutrophils, monocytes and lymphocytes, which reflects the ability of human immune surveillance to a certain extent and it is 
relatively stable, taking into account their respective cell functions. SIRI is a parameter in the combination of different 
inflammatory reactions, which can provide more information on the formation of immune activity in the immune process and 
the pathogenesis of ischemic stroke. Urbanowicz et al38 has been recently studied that Systemic Inflammatory Response Index 
(SIRI) Predict Mortality after Off-Pump Coronary Artery Bypass Surgery. A recent study39 has shown that SIRI was 
significantly higher in patients with coronavirus disease 2019 (COVID-19) than those in the control group, whereas its 
diagnostic value in COVID-19 was moderate. In this study, Mann–Whitney U-test was used to figure out the phenomenon that 
the SIRI index in moderate to severe group was higher than in mild group’s. The SIRI index in poor short-term prognosis 
group was significantly higher than good prognosis group’s. Univariate and multivariate binary logistic regression analysis 
showed that high-level SIRI index was an independent prognostic factor for the 3-month prognosis of AIS patients. According 
to ROC analysis, the SIRI index had low accuracy. SIRI played an important role in the development of acute ischemic stroke 
from the occurrence, development and recovery of stroke. According to this study, individualized treatment can be carried out 
for patients with SIRI > 1.010×109/L, so as to improve the prognosis, but I believe that still all AIS patients independent from 
the SIRI level should be treated early. Therefore, the clinical practice can dynamically observe the SIRI index of AIS patients, 
to accurately treat and improve the short-term prognosis of AIS patients.

Inflammatory prognostic index (IPI) is a new inflammatory prognostic marker with certain clinical significance based 
on C-reactive protein (CRP), neutrophils to lymphocytes ratio (NLR) and serum albumin (ALB). Dirican et al concluded 
that IPI was a low-cost, easy to obtain and reproducible index and an independent prognostic index for patients with non- 
small cell lung cancer.40 CRP was a sensitive indicator of the body’s inflammatory response in the early stage of 
infection. Studies have shown that the level of CRP was related to the severity of the disease, the size of infarct area and 
poor prognosis in AIS patients.41 In the future, it may be possible to control the level of inflammatory factor CRP as 
a new idea to reduce the risk of recurrent stroke in patients with cerebral infarction.42 NLR was a value obtained by 
comparing neutrophils with lymphocytes. Compared with single neutrophils or lymphocytes, NLR might be a more 
accurate indicator for predicting atherosclerosis related diseases.43 Several studies have confirmed that NLR was 
associated with short-term and long-term mortality in acute coronary syndrome.44–46 Meanwhile, Beomseok et al showed 
that the increase of NLR was an independent risk factor for ischemic stroke.47 Several articles reported that NLR was 
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related to the severity of acute cerebral infarction, mortality, recurrence, hemorrhagic transformation, post-stroke 
infection, etc.48–51 ALB was the main protein in human blood, which could maintain body nutrition and balance colloidal 
osmotic pressure. ALB had many physiological functions, such as anti-oxidation, anti-inflammatory, inhibiting platelet 
aggregation and thrombosis.52 Animal model studies have shown that ALB has neuroprotective effect on ischemic stroke, 
and clinical studies have also confirmed that lower levels of ALB could increase the adverse prognosis of stroke.52–54 IPI, 
as a new type of inflammatory prognosis index, has the advantages of high sensitivity, specificity and more comprehen-
sive. This study found that IPI was positively correlated with NIHSS score. Mann–Whitney U-test showed that IPI level 
in moderate to severe AIS patients had a significant higher than mild AIS patients’. The admission IPI index of AIS 
patients can effectively evaluate the severity of the patient’s condition, especially the patients with low NIHSS score, so 
as to take treatment in time, shorten the time from arrival to thrombolysis, and improve the prognosis of patients. The IPI 
index of the poor short-term prognosis group was significantly higher than that of the good prognosis group. Univariate 
and multivariate binary logistic regression analysis showed that IPI index was an independent prognostic factor for the 
3-month prognosis of AIS patients. According to ROC analysis, the IPI index had a certain predictive value for the short- 
term good prognosis of patients with AIS undergoing rt-PA intravenous thrombolysis. IPI can be used as a new 
inflammatory marker for the short-term prognosis of AIS patients, and it also reveals that inflammation may provide 
accurate treatment for AIS treatment.

In conclusion, the joint examination of SIRI and IPI can effectively evaluate the body inflammation and carry out 
immune regulation. The implementation of personalized measures will help to improve the prognosis of AIS patients and 
contribute to the health management of stroke. SIRI and IPI are calculated by using objective laboratory test data, with 
good stability and strong comprehensiveness, which makes SIRI and IPI easy to be transformed into daily monitoring 
indicators. SIRI and IPI are more valuable in predicting the short-term prognosis of AIS patients, which provides a new 
idea for the treatment of AIS patients with rt-PA.

The limitations of present study are listed as follows: First, our study is a single-center study with 84 patients 
a relatively small sample size, which may cause selection bias and inaccuracy to. Secondly, there is no information about 
the vascular risk profile of the patients as it may interfere drastically with the final outcomes. Thirdly, I have not mRS at 
the baseline, so I cannot compare the same scale results. When I compare NIHSS and mRS there is always a level of 
uncertainty. Finally, further study is needed to combine multi regional stroke centers with large sample research.

Conclusion
Our study had figured out that IPI index of AIS patients could effectively evaluate the severity of patients’ condition. 
High levels of SIRI and IPI were independent risk factors for the short-term prognosis of AIS patients. SIRI and IPI were 
relatively more comprehensive inflammatory index, could be a short-term potential prognostic indicator for AIS patients 
undergoing rt-PA.
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