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Background and Purpose: The neutrophil-to-lymphocyte ratio (NLR) is a well-established inflammatory marker, while newer
indices such as the systemic inflammation response index (SIRI), inflammation prognostic index (IPI), systemic immune-inflammation
index (SII), and pan-immune-inflammation value (PIV) provide broader insights into systemic inflammation and immune status. This
study evaluated the association between these composite indices, their dynamic changes after intravenous thrombolysis, and 90-day
outcomes in acute ischemic stroke (AIS).

Methods: We retrospectively included AIS patients treated with intravenous rt-PA within 4.5 hours at Leshan People’s Hospital and
Qianwei County People’s Hospital (September 2021-January 2025). Hematological parameters at admission and day 7 were used to
calculate NLR, SIRI, SII, IPI, and PIV. Outcomes were assessed by the modified Rankin Scale (mRS) at 3 months, categorized as
favorable (mRS 0-2) vs unfavorable (mRS 3-6), or survival (mRS 0-5) vs death (mRS 6). Multivariable logistic regression and
receiver operating characteristic (ROC) analyses were performed.

Results: Among 269 patients, inflammatory indices showed distinct patterns across groups. SII, SIRI, PIV, and IPI increased in
patients with unfavorable outcomes or death but decreased in those with favorable outcomes or survival. T2 values and relative
changes (FC) were significantly associated with outcomes. In adjusted models, IPI, SIRIL, and PIV at T2 and their dynamic changes
remained independent predictors, while SII was significant for unfavorable outcomes but marginal for mortality (P = 0.072). ROC
analysis showed moderate discrimination (AUC > 0.6), with IPI and SIRI demonstrating the best predictive value.

Conclusion: Dynamic changes in composite inflammatory indices after thrombolysis are closely associated with 3-month outcomes
in AIS. As simple and reproducible markers derived from routine blood tests, these indices may aid short-term risk stratification and
individualized management.

Keywords: systemic inflammation index, systemic immune-inflammation index, inflammation prognostic index, pan-immune-
inflammation value, acute ischemic stroke, intravenous thrombolysis, retrospective study

Introduction

Stroke is one of the leading causes of death in China and globally, characterized by high mortality and disability rates.'
The prevalence of stroke in China (2.6% in 2020) was higher than the global estimate (1.2% in 2019). The incidence
rate of first-ever stroke in China (505.2 per 100,000 person-years in 2020) also exceeded that reported in Japan
(317.0 per 100,000 person-years for individuals aged >45 years in 2011), Singapore (229.6 per 100,000 population in
2017), and the European Union.** Although there is no universally accepted definition for the acute phase of stroke, it
is generally considered to encompass the first two weeks after onset, with the acute phase of mild stroke typically
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lasting up to one week, and that of severe stroke extending up to one month.* Intravenous thrombolysis within
4.5 hours of symptom onset remains the standard treatment for AIS. However, despite timely and standardized therapy,
a considerable proportion of patients still experience unfavorable outcomes.’ Therefore, developing effective models
for functional outcome prediction holds substantial clinical value for individualized treatment and prognosis
improvement.

In recent years, the role of immune-inflammatory mechanisms in influencing stroke outcomes has garnered increasing
attention.® Studies have demonstrated that various blood cell-based systemic inflammatory markers—such as the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), sys-
temic immune-inflammation index (SII), pan-immune-inflammation value (PIV), and systemic inflammation response
index (SIRI)—have significant clinical relevance in AIS.”* These biomarkers can be readily quantified using peripheral
blood samples, offering advantages such as simplicity, low invasiveness, and cost-effectiveness. As emerging prognostic
indicators that integrate NLR with other inflammatory parameters, PIV, NLR, IPI, SII, and SIRI provide a simple and
reproducible method for stroke outcome prediction. They may also assist in early identification of high-risk patients and
guide targeted interventions. Although previous studies have indicated the potential of SII, PLR, and NLR in predicting

%19 most were limited by small sample sizes, regional

outcomes in AIS patients receiving thrombolytic therapy,
variability, and lack of dynamic assessment. Therefore, we conducted this study to further evaluate the associations of
PIV, IPL, SII, SIRI, and their temporal changes with short-term outcomes in AIS patients receiving thrombolysis, aiming

to provide potential predictive tools for precision management.

Materials and Methods
Study Design and Participants

This retrospective study included consecutive AIS patients who received intravenous recombinant tissue-type plas-
minogen activator (rt-PA) between September 2021 and January 2025. A total of 721 patients were enrolled (635 from
Leshan People’s Hospital and 86 from Qianwei County People’s Hospital). Inclusion criteria were: (1) age >18 years;
(2) diagnosis of AIS according to Chinese guidelines; (3) intravenous thrombolysis with rt-PA within 4.5 hours of
symptom onset; and (4) pre-stroke modified Rankin Scale (mRS) score <2. Exclusion criteria included: (1) malig-
nancy, autoimmune disease, or hematologic disorders; (2) acute or chronic infection; (3) severe hepatic or renal
dysfunction; (4) missing follow-up data; (5) parasitic infection; (6) significant trauma (eg, fracture); and (7) oral
anticoagulant use with INR >1.5 or heparin therapy within 48 hours (abnormal APTT); and (8) absence of hemato-
logical data at 7 days.

Functional outcomes were assessed via telephone follow-up at 90 days post-stroke onset. The patient screening
flowchart is illustrated in Figure 1.

Intravenous Rt-PA Thrombolytic Therapy

The standard dose of recombinant tissue-type plasminogen activator (rt-PA) was 0.9 mg/kg (10% administered as a bolus
injection and the remaining 90% infused continuously over 1 hour; maximum dose: 90 mg). A low-dose regimen of
0.6 mg/kg (15% bolus and 85% continuous infusion over 1 hour; maximum dose: 60 mg) was also applied in some
patients. All patients received a single thrombolytic treatment.'!

Definitions of Inflammatory Indices
The following inflammatory indices were calculated based on peripheral blood parameters:
NLR = Neutrophil count / Lymphocyte count
IPI = High-sensitivity C-reactive protein (Hs-CRP) x NLR / Albumin (ALB)
SII = Platelet count X Neutrophil count / Lymphocyte count
SIRI = Monocyte count x Neutrophil count / Lymphocyte count
PIV = (Neutrophil count x Platelet count x Monocyte count) / Lymphocyte count
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721 AIS patients were treated in the stroke center(Department of
Neurology) fom May 2021 to January 2025

Excluded(n=452)
With acute or chronic infection(n=14)
With severe heart, lung, liver and kidney disease (n=17)
patients lost to follow-up(n=5)
Lack of hematological data at 7 days after thrombolysis (n=416)

269 patients were enrolled

Good outcome(n=136) Survival(n=245)
Poor outcome(n=133) Death (n=24)

Figure | Flow diagram showing the patient selection process.

Data Collection

Demographic information (age, sex), medical history (hypertension, diabetes, atrial fibrillation, coronary artery disease,
prior stroke, smoking and alcohol consumption), and pre-stroke medications (antiplatelet agents, statins, anticoagulants)
were collected. Stroke severity and functional status at admission were assessed by experienced clinicians using the
modified Rankin Scale (mRS). At 3 months, functional outcomes were evaluated by telephone follow-up conducted
independently by two trained physicians. Favorable outcome was defined as functional independence (mRS score 0-2),
while an mRS (3-6) considered unfavorable. Survival was defined as an mRS score of 0-5, and an mRS score of 6
indicated death.'”

Measurement of Composite Inflammatory Ratios Based on Blood Tests

Venous blood samples were collected within 24 hours of admission and again on day 7 during hospitalization. If multiple
tests were performed within 24 hours, the first result was used. Recorded laboratory parameters included neutrophil,
lymphocyte, monocyte, and platelet counts, as well as levels of Hs-CRP and albumin.

Statistical Analysis

Continuous variables were first tested for normality using the Shapiro—Wilk test. Variables with approximate normal
distribution were expressed as mean + standard deviation (SD) and compared using the independent-samples ¢ test, while
non-normally distributed variables were presented as median (interquartile range, IQR) and compared using the
Wilcoxon rank-sum test (Mann—Whitney U-test). Categorical variables were expressed as counts (percentages) and
compared using Pearson’s y’-test or Fisher’s exact test when expected frequencies were <S5. Dynamic changes in
inflammatory indices (SII, SIRI, PIV, and IPI) between baseline (T1) and day 7 (T2) were evaluated using the paired
Wilcoxon signed-rank test and visualized with line plots. Fold change (FC) was calculated as T2/T1 (percentage change
= (T2/T1 — 1) x 100%). To reduce skewness and facilitate effect size interpretation, log-transformed values (logT1 and
logT2, base 10) were entered into regression models. Univariable logistic regression was used to assess associations
between inflammatory indices and 3-month unfavorable outcome or mortality, followed by multivariable logistic
regression adjusting for age, sex, and baseline NIHSS score. Predictive performance was evaluated using receiver
operating characteristic (ROC) curves and the area under the curve (AUC). All tests were two-sided, and a P value
<0.05 was considered statistically significant. Statistical analyses were performed with R software (version 4.3.2;
R Foundation for Statistical Computing, Vienna, Austria).
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Results

A total of 269 patients were enrolled, with a mean age of 70.59 + 11.58 years. Patients were stratified into
favorable versus unfavorable outcome groups, and survival versus death groups, for comparative analysis
(Table 1). Compared with the favorable outcome group, patients with unfavorable outcomes had significantly

Table | Comparison of Clinical Characteristics Between Good and Poor Outcomes (or Survival and Death)

Variables Total (n = 269) Poor Outcome Good Outcome P Survival (n = 189) Death (n = 80) P
(n=133) (n = 136)
SITI 622.22 (395.07, 1118.69) 622.22 (381.88, 1236.16) 617.47 (407.37, 963.97) 0.695 650.60 (399.74, 1059.56) 599.98 (377.74, 1263.02) 0.806
Sl T2 535.50 (362.13, 854.69) 719.08 (438.82, 1235.37) 429.37 (314.43, 584.07) <0.001 504.90 (365.20, 718.42) 704.74 (316.84, 1398.46) 0.032
SIRITI 1.58 (0.94, 2.57) 1.55 (0.94, 2.86) 1.60 (0.93, 2.40) 0.770 1.62 (0.96, 2.60) 1.48 (0.83, 2.48) 0.612
SIRI T2 1.37 (0.77, 2.18) 1.84 (1.11, 4.13) 0.94 (0.65, 1.53) <0.001 1.24 (0.79, 1.76) 1.94 (0.72, 4.66) 0.003
PIV TI 275.57 (145.41, 486.61) 252.66 (12847, 515.73) | 288.60 (171.10, 477.67) | 0.432 291.63 (163.78, 515.73) 247.53 (127.90, 435.16) 0274
PIV T2 232.30 (131.06, 411.44) 335.50 (169.73, 647.98) 184.16 (118.42, 255.65) <0.001 222.41 (144.85, 341.88) 339.24 (118.83, 801.92) 0.058
IPITI 15.99 (4.60, 46.17) 18.81 (8.36, 61.83) 10.48 (3.24, 26.84) <0.001 14.38 (4.14, 36.99) 17.47 (6.51, 65.10) 0.044
IPI T2 11.08 (2.87, 53.47) 41.01 (8.26, 226.14) 4.99 (1.78, 13.58) <0.001 7.89 (2.54, 25.28) 43.58 (5.62, 317.89) <0.001
GLUTI 6.01 (5.02, 8.06) 6.14 (5.25, 9.02) 5.69 (4.85, 7.55) 0.026 6.0l (5.02, 7.69) 5.94 (4.99, 8.38) 0.941
CREATI 71.00 (61.00, 89.00) 72.00 (62.00, 91.00) 70.00 (60.75, 83.15) 0.148 71.00 (61.00, 88.00) 70.00 (61.00, 89.30) 0.966
UATI 361.00 (296.00, 420.00) 361.00 (287.00, 421.00) 358.50 (298.00, 419.00) 0.714 362.00 (290.00, 419.00) 360.50 (304.50, 422.25) 0.902
TCTI 4.58 (3.84, 5.43) 449 (3.71, 5.23) 4.67 (3.97, 5.52) 0.068 4.62 (3.92, 5.50) 4.46 (3.68, 5.03) 0.146
TG TI 1.36 (1.04, 1.94) 1.35 (0.97, 1.90) 1.40 (1.07, 2.04) 0.326 1.37 (1.07, 1.90) 1.33 (0.96, 2.06) 0.930
HDLTI 1.19 (0.98, 1.42) 1.18 (1.00, 1.45) 1.20 (0.97, 1.41) 0.530 1.20 (0.99, 1.41) 1.15 (0.96, 1.45) 0.953
LDLTI 2.66 (2.06, 3.28) 2.65 (2.01, 3.08) 2.69 (2.14, 3.50) 0.121 2.71 (2.14, 3.30) 2.46 (1.96, 3.07) 0.079
GFRTI 74.00 (60.00, 83.00) 72.00 (55.00, 82.00) 74.00 (65.00, 84.25) 0.019 74.00 (61.00, 83.00) 71.00 (58.00, 83.00) 0.205
Na T1 141.70 (139.80, 143.30) 141.40 (139.60, 143.00) 142.10 (139.97, 143.45) 0.062 141.90 (140.00, 143.30) 141.40 (139.00, 143.30) 0.158
CITI 105.40 (102.80, 107.90) 105.60 (103.20, 108.30) 104.75 (102.65, 107.45) 0.214 105.50 (103.20, 107.90) 105.05 (101.05, 108.03) 0.404
ALB TI 39.00 (35.60, 41.60) 37.60 (33.40, 41.00) 39.80 (37.48, 42.10) <0.001 39.00 (36.30, 41.70) 38.90 (33.62, 41.52) 0.306
HGB TI 131.00 (121.00, 143.00) 128.00 (116.00, 141.00) 133.00 (124.00, 144.50) 0.021 132.00 (123.00, 144.00) 128.00 (113.75, 142.00) 0.026
HCT TI 40.40 (37.80, 43.30) 39.40 (36.90, 42.90) 40.90 (38.70, 43.73) 0.003 40.40 (38.10, 43.30) 40.30 (37.38, 43.62) 0.438
FIBTI 3.11 (2.66, 3.82) 3.12 (2.58, 3.90) 3.10 (277, 3.73) 0.888 3.10 (2.64, 3.72) 322 (2,69, 391) 0314
DD TI 0.56 (0.32, 1.23) 0.65 (0.35, 1.81) 0.48 (0.31, 0.87) 0.004 0.55 (0.31, I.11) 0.64 (0.37, 1.75) 0.136
Hey TI 15.40 (12.50, 21.00) 15.40 (12.40, 21.90) 15.20 (12.50, 19.80) 0.208 15.20 (12.50, 20.90) 15.65 (12.33, 21.00) 0.737
Age 70.59 + 11.58 7291 £ 1022 68.32 + 12.40 0.001 69.90 = 11.70 7220 £ 11.23 0.138
Gender, n(%) 0.044 0.961
Male 162 (60.22) 72 (54.14) 90 (66.18) 114 (60.32) 48 (60.00)
Female 107 (39.78) 61 (45.86) 46 (33.82) 75 (39.68) 32 (40.00)
Hypertension, n(%) <0.001 0.513
No 85 (31.60) 29 (21.80) 56 (41.18) 62 (32.80) 23 (28.75)
Yes 184 (68.40) 104 (78.20) 80 (58.82) 127 (67.20) 57 (71.25)
Diabetes, n(%) 0.231 0.858
No 193 (71.75) 91 (68.42) 102 (75.00) 135 (71.43) 58 (72.50)
Yes 76 (28.25) 42 (31.58) 34 (25.00) 54 (28.57) 22 (27.50)
Dyslipidemia, n(%) 0.054 0.507
No 177 (65.80) 95 (71.43) 82 (60.29) 122 (64.55) 55 (68.75)
Yes 92 (34.20) 38 (28.57) 54 (39.71) 67 (35.45) 25 (31.25)
Heart disease, n(%) 0.017 0.791
No 188 (69.89) 84 (63.16) 104 (76.47) 133 (70.37) 55 (68.75)
Yes 81 (30.11) 49 (36.84) 32 (23.53) 56 (29.63) 25 (31.25)
Kidney disease, n(%) 0.628 0.687
No 245 (91.08) 120 (90.23) 125 (91.91) 173 (91.53) 72 (90.00)
Yes 24 (8.92) 13 (9.77) 11 (8.09) 16 (8.47) 8 (10.00)
Pulmonary disease, n(%) <0.001 <0.001
No 209 (77.70) 90 (67.67) 119 (87.50) 158 (83.60) 51 (63.75)
Yes 60 (22.30) 43 (32.33) 17 (12.50) 31 (16.40) 29 (36.25)
Smoking, n(%) 0.116 0.571
No 155 (57.62) 83 (62.41) 72 (52.94) 111 (58.73) 44 (55.00)
Yes 114 (42.38) 50 (37.59) 64 (47.06) 78 (41.27) 36 (45.00)
(Continued)
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Table | (Continued).

Variables Total (n = 269) Poor Outcome Good Outcome P Survival (n = 189) Death (n = 80) P
(n=133) (n = 136)

Drinking, n(%) 0.003 0.618
No 179 (66.54) 100 (75.19) 79 (58.09) 124 (65.61) 55 (68.75)
Yes 90 (33.46) 33 (24.81) 57 (41.91) 65 (34.39) 25 (31.25)

TOAST subtype, n(%) <0.001 0.005

CE 39 (14.50) 23 (17.29) 16 (11.76) 32 (13.06) 7 (29.17)

LAA 135 (50.19) 86 (64.66) 49 (36.03) 119 (48.57) 16 (66.67)

SAO 82 (30.48) 22 (16.54) 60 (44.12) 81 (33.06) 1 (4.17)

SOE 1(0.37) 0 (0.00) 1 (0.74) 1 (0.41) 0 (0.00)

SUE 12 (4.46) 2 (1.50) 10 (7.35) 12 (4.90) 0 (0.00)

Notes: T1/T2 were defined as blood samples collected within 24 hours of admission (T1) and at 7 £ 2 days after intravenous thrombolysis (T2).

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammation response index; IPl, inflammation prognostic index; Sll, systemic immune-inflammation
index; PIV, pan-immune-inflammation value; GLU, Glucose; CREA, Creatinine; UA, Uric Acid; TC, Total Cholesterol; TG, Triglycerides; HDL, High-Density Lipoprotein
Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; GFR, Glomerular Filtration Rate; Na, Sodium; Cl, Chloride; ALB, Albumin; HGB, Hemoglobin; HCT, Hematocrit;
FIB, Fibrinogen; DD, D-dimer; Hcy, Homocysteine; TOAST, Trial of Org 10172 in Acute Stroke Treatment.

higher levels of SII, SIRI, PIV, and IPI at T2, as well as higher IPI at T1. They were also older, had lower serum
albumin and hemoglobin, and more frequently presented with hypertension, cardiac disease, and pulmonary
disease. Compared with survivors, patients in the death group exhibited significantly higher SII, SIRI, and IPI
at T2, as well as higher IPI at T1. Pulmonary disease was more prevalent and hemoglobin levels were lower in the
death group.

The overall dynamic changes of inflammatory composite indices (SII, SIRI, PIV, and IPI) from T1 to T2 are shown in
Figure 2. Except for IPI, all four indices demonstrated significant reductions between T1 and T2 at the population level.
When stratified by 3-month functional outcomes or survival status, significant differences in the magnitude and
distribution of changes were observed between groups. Patients with unfavorable outcomes or death exhibited
a general upward trend, whereas those with favorable outcomes or survival showed a downward trend (Figures 3 and 4).

(a) (b)
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Figure 2 Dynamic changes in composite inflammatory indices from TI to T2. (a) Sll; (b) SIRI; (c) PIV; (d) IPI. P values from the Wilcoxon signed-rank test.
Abbreviations: S, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; IPI, inflammation prognostic
index; T1, within 24 h of admission; T2, day 7 after IVT.
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Figure 3 T1-T2 changes in inflammatory indices by 3-month functional outcome (good vs poor). (a) SlI; (b) SIRI; (c) PIV; (d) IPI. P values from the Wilcoxon signed-rank

test.
Abbreviations: SlI, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; IPl, inflammation prognostic

index; T1, within 24 h of admission; T2, day 7 after IVT.
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Figure 4 T1-T2 changes in inflammatory indices by 3-month survival (survivors vs non-survivors). (a) Sll; (b) SIRI; (c) PIV; (d) IPI. P values from the Wilcoxon signed-rank

test.
Abbreviations: SlI, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; IPl, inflammation prognostic

index; T1, within 24 h of admission; T2, day 7 after IVT.

Assessment of Dynamic Changes in Inflammatory Indices (Figures 5-8)
To evaluate the dynamic changes of inflammatory indices, we calculated the percentage change between T1 and T2 (c1-2
= T1—-T2) for each index (IPI, PIV, SII, and SIRI). Box plots were generated to visualize the distribution of percentage
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Figure 5 Percentage changes in IPl from T1 to T2: (a) Overall distribution; (b) stratified by 3-month functional outcome (good vs poor); (c) stratified by 3-month survival
(survivors vs deaths). White squares = means, boxes = interquartile ranges(IQRs), central lines = medians. P values from Wilcoxon rank-sum test; c|-2 denotes T|1—T2.
Abbreviations: IPl, inflammation prognostic index; IQR, interquartile range; T1, within 24 h of admission; T2, day 7 after IVT.
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Figure 6 Percentage changes in PIV from T to T2: (a) overall; (b) by 3-month functional outcome; (c) by 3-month survival. White squares = means, boxes = IQRs, central

lines = medians. P values from Wilcoxon rank-sum test; c|-2 denotes T1—T2.

Abbreviations: PIV, pan-immune-inflammation value; IQR, interquartile range; T1, within 24 h of admission; T2, day 7 after IVT.
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Figure 7 Percentage changes in Sl from T1 to T2: (a) overall; (b) by 3-month functional outcome; (c) by 3-month survival. White squares = means, boxes = IQRs, central
lines = medians. P values from Wilcoxon rank-sum test; c|-2 denotes T1—T2. Poor outcome and death groups showed greater changes than controls.
Abbreviations: Sll, systemic immune-inflammation index; IQR, interquartile range; TI, within 24 h of admission; T2, day 7 after IVT.

changes, with means indicated by white squares, medians by central lines, and interquartile ranges (IQRs) by boxes.

Comparisons were performed across the overall cohort and further stratified by 3-month functional outcome (good vs

poor) and survival status (survivors vs non-survivors). Between-group differences were assessed using the Wilcoxon

rank-sum test.
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Figure 8 Percentage changes in SIRI from T| to T2: (a) overall; (b) by 3-month functional outcome; (c) by 3-month survival. White squares = means, boxes = IQRs, central
lines = medians. P values from Wilcoxon rank-sum test; cl-2 denotes T|—T2.
Abbreviations: SIRI, systemic inflammation response index; IQR, interquartile range; T1, within 24 h of admission; T2, day 7 after IVT.

Univariate Logistic Regression Analysis (Table 2)
When mortality was used as the outcome, all four indices at T2 and their percentage changes (FC) were significantly

associated with risk of death, whereas indices at T1 showed no significant associations except for IPI. Similar findings

Table 2 Univariate Logistic Regression Analysis of Inflammatory Indices and Baseline

Variables for Predicting 3-month Outcomes and Mortality

Variables Death Poor Outcome
OR (95% CI) P OR (95% CI) P

SIl logT | 1.13 (0.54 ~2.38) | 0.739 1.09 (0.55 ~ 2.15) 0.808
SIl logT2 3.83 (1.59 ~9.23) | 0.003 16.87 (6.23 ~ 45.68) | <0.001
SIFC 1.60 (1.20 ~ 2.12) | 0.001 3.28 (2.08 ~ 5.19) <0.001
SIRI logT| 1.07 (0.54 ~2.13) | 0.838 I.11 (0.59 ~ 2.09) 0.738
SIRI logT2 348 (1.70 ~ 7.12) | <0.001 | 11.02 (491 ~24.71) | <0.001
SIRI FC 1.65 (1.30 ~ 2.11) | <0.001 325 (2.15 ~ 491) <0.001
PIV logTl 0.85 (0.45 ~ 1.60) | 0.620 0.79 (0.45 ~ 1.41) 0.429
PIV logT2 249 (1.27 ~ 4.89) | 0.008 6.78 (3.25 ~ 14.12) | <0.001
PIV FC 1.59 (1.27 ~ 2.00) | <0.001 351 (229 ~ 5.39) <0.001
IPI logT | 1.47 (1.04 ~2.08) | 0.031 1.73 (1.24 ~ 2.43) 0.001
IPl logT2 2.23 (1.63 ~ 3.04) | <0.001 4.0l (2.75 ~ 5.84) <0.001
IPI FC 1.02 (1.01 ~ 1.04) | 0.012 1.39 (1.19 ~ 1.63) <0.001
Age 1.02 (0.99 ~ 1.04) | 0.138 1.04 (1.01 ~ 1.06) 0.001
Gender, n(%)

Male Ref. Ref.

Female 1.01 (0.59 ~ 1.73) | 0.961 1.66 (1.01 ~2.71) 0.044
Hypertension, n(%)

No Ref. Ref.

Yes 121 (0.68 ~2.14) | 0514 251 (1.47 ~ 4.29) <0.001
Diabetes, n(%)

No Ref. Ref.

Yes 0.95 (0.53 ~ 1.70) | 0.858 1.38 (0.81 ~ 2.36) 0.232
Dyslipidemia, n(%)

No Ref. Ref.

Yes 0.83 (0.47 ~ 1.45) | 0.507 0.61 (0.36 ~ 1.01) 0.055

(Continued)
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Table 2 (Continued).

Variables Death Poor Outcome
OR (95% CI) P OR (95% CI) P
Heart disease, n(%)

No Ref. Ref.

Yes 1.08 (0.61 ~ 1.90) | 0.791 1.90 (1.12 ~ 3.22) 0.018
Kidney disease, n(%)

No Ref. Ref.

Yes 1.20 (0.49 ~2.93) | 0.687 1.23 (0.53 ~ 2.85) 0.628
Pulmonary disease, n(%)

No Ref. Ref.

Yes 2.90 (1.60 ~ 5.26) | <0.001 3.34 (1.79 ~ 6.25) <0.001
Smoking, n(%)

No Ref. Ref.

Yes 1.16 (0.69 ~ 1.97) | 0572 0.68 (0.42 ~ 1.10) 0.117
Drinking, n(%)

No Ref. Ref.

Yes 0.87 (0.50 ~ 1.52) | 0618 0.46 (0.27 ~ 0.77) 0.003
GLU TI 1.01 (0.94 ~ 1.09) | 0.743 1.09 (1.01 ~ 1.17) 0.019
CREATI 1.00 (1.00 ~ 1.01) | 0.107 1.01 (1.01 ~ 1.02) 0.016
UATI 1.00 (1.00 ~ 1.00) | 0.852 1.00 (1.00 ~ 1.00) 0.788
TCTI 0.83 (0.65 ~ 1.05) | 0.119 0.81 (0.65 ~ 1.01) 0.059
TG TI 1.02 (0.82 ~ 1.27) | 0.838 0.86 (0.69 ~ 1.08) 0.200
HDLTI 0.97 (043 ~ 2.19) | 0.945 1.31 (0.62 ~ 2.75) 0.478
LDLTI 0.74 (0.54 ~ 1.01) | 0.060 0.75 (0.57 ~ 0.99) 0.043
GFRTI 0.99 (0.98 ~ 1.00) | 0.170 0.98 (0.97 ~ 0.99) 0.005
Na Tl 0.90 (0.83 ~ 0.98) | 0.020 0.93 (0.86 ~ 1.01) 0.096
CITI 0.95 (0.89 ~ 1.02) | 0.189 1.04 (0.97 ~ I.11) 0.248
ALB TI 0.95 (0.90 ~ 1.01) | 0.085 0.89 (0.85 ~ 0.95) <0.001
HGB Tl 0.98 (0.96 ~ 0.99) | 0.005 0.98 (0.97 ~ 0.99) 0.017
HCT Tl 1.01 (0.99 ~ 1.02) | 0.347 1.00 (0.99 ~ 1.01) 0.764
FIBTI 1.06 (0.88 ~ 1.28) | 0.509 1.12 (0.92 ~ 1.36) 0.268
DD TI 1.08 (0.99 ~ 1.17) | 0.090 1.01 (0.94 ~ 1.08) 0.819
Hey TI 1.02 (0.98 ~ 1.06) | 0.356 1.05 (1.01 ~ 1.09) 0.013

were observed when unfavorable outcome was used as the endpoint, with all four indices at T2 and their FC values
emerging as significant risk factors. Among baseline characteristics, pulmonary disease was positively associated with
mortality (OR = 2.90, P <0.001), while serum sodium (Na) (OR = 0.90, P = 0.020) and hemoglobin (HGB) (OR = 0.98,
P =0.005) were protective. For unfavorable functional outcome, older age (OR = 1.04, P =0.001) and female sex (OR =
1.66, P = 0.044) were associated with increased risk. Hypertension, cardiac disease, and pulmonary disease also
conferred significantly higher risk. Regarding laboratory indices, higher glucose at T1 (GLU, OR = 1.09, P = 0.019),
creatinine at T1 (CREA, OR = 1.01, P = 0.016), and homocysteine at T1 (Hcy, OR = 1.05, P = 0.013) were significant
risk factors, whereas lower LDL cholesterol at T1 (LDL, OR = 0.75, P = 0.043), estimated glomerular filtration rate at T1
(GFR, OR = 0.98, P =0.005), albumin at T1 (ALB, OR = 0.89, P < 0.001), and hemoglobin at T1 (HGB, OR = 0.98, P =
0.017) were protective factors.

Multivariable Logistic Regression Analysis (Table 3)

In multivariable logistic regression, IPI (aOR = 3.55), PIV (aOR = 3.46), SII (aOR = 7.23), SIRI (aOR = 5.72) at day 7
after IVT, as well as their dynamic percentage changes (aOR = 3.94-12.29), were identified as independent predictors of
3-month unfavorable outcomes. Further analysis showed that IPI (aOR = 2.03), SIRI (aOR = 2.32) at day 7 and their
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Table 3 Multivariable Logistic Regression Analysis of Inflammatory Indices for Predicting
3-Month Unfavorable Outcomes and Mortality (Adjusted for Age, Sex, and Baseline NIHSS

Score)
Marker Poor Outcome Death
OR | Lower CI | Upper CI P OR | Lower Cl | Upper CI P

IPI logT | 1.36 0.92 2.02 0.128 | 1.25 0.86 1.82 0.235
IPI logT2 3.55 2.35 5.60 <0.001 | 2.03 1.45 2.90 <0.001
IPI logFC 3.94 2.42 6.80 <0.001 | 1.86 1.29 271 0.001
PIV logT| 0.55 0.27 1.09 0.092 | 0.71 0.36 1.37 0.312
PIV logT2 3.46 1.56 7.99 0.003 | 1.65 0.79 3.47 0.182
PIV logFC | 11.74 4.55 33.24 <0.001 | 2.68 1.25 5.98 0.013
SIl logT| 0.59 0.25 1.36 0.224 | 0.88 0.40 1.89 0.740
SIl logT2 7.23 2.48 22.39 <0.001 | 2.30 0.87 6.15 0.095
SIl logFC 12.29 425 39.37 <0.001 | 2.21 0.94 5.34 0.072
SIRI logT1 | 0.69 0.31 1.49 0.345 | 0.80 0.38 1.67 0.562
SIRI logT2 | 5.72 2.34 14.81 <0.001 | 2.32 1.04 5.25 0.041
SIRI logFC | 9.45 372 25.96 <0.001 | 2.80 1.28 6.33 0.011

Notes: logT| = logl0(TI); logT2 = logl0(T2); FC = T2/TI. Odds ratios (OR) for log-transformed indices represent the
effect per 10-fold increase, whereas ORs for FC represent the effect per |-unit increase.

Abbreviations: OR, odds ratio; Cl, confidence interval.

dynamic changes (IPI, PIV, SIRI; aOR = 1.86-2.80) independently predicted mortality (Table 3). After additional
adjustment for age, sex, and baseline NIHSS score, the association between SII and mortality was attenuated and did

not reach statistical significance (P = 0.072), suggesting that its predictive value for mortality may be partly influenced by

stroke severity and related factors.

ROC Curve Analysis (Figures 9—16)

ROC curve analysis showed that the four composite inflammatory indices at T2 and their relative changes (FC)

demonstrated moderate discriminative performance, with all AUC values exceeding 0.6 (P < 0.001), indicating their
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Figure 11 ROC curves of PIV for 3-month poor outcome. (a) Unadjusted; (b) Adjusted. Curves: logT |, logT2, logFC; AUC with 95% CI.
Abbreviations: PIV, pan-immune-inflammation value; ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval; IPI, inflammation
prognostic index.

ability to distinguish 3-month unfavorable outcomes and mortality. In contrast, baseline levels at T1 exhibited limited

discriminative capacity. After adjustment for age, sex, and NIHSS score, the AUC values of all indices increased, with

IPI and SIRI at T2 and their FC values showing the strongest performance.
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Figure 13 ROC curves of Sll for 3-month poor outcome; (a) Unadjusted; (b) Adjusted. Curves: logT|, logT2, logFC; AUC with 95% CI.
Abbreviations: SlI, systemic immune-inflammation index; ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval; IPI, inflammation
prognostic index.

Discussion

This study evaluated the dynamic changes of composite inflammatory indices (SII, SIRIL, PIV, and IPI) in patients with
acute ischemic stroke (AIS) undergoing intravenous thrombolysis and assessed their prognostic value for 3-month
outcomes. We demonstrated that indices measured at day 7 (T2) and their relative changes (FC) provided stronger
discrimination than baseline values (T1). Notably, IPI, SIRI, and PIV remained independent predictors in multivariable
models, while the predictive value of SII for mortality was only marginally significant. These findings suggest that the
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Figure 15 ROC curves of SIRI for 3-month poor outcome; (a) Unadjusted; (b) Adjusted. Curves: logT|, logT2, logFC; AUC with 95% CI.
Abbreviations: SIRI, systemic inflammation response index; ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval; IPl, inflammation
prognostic index.

persistence and trajectory of inflammatory activity may better reflect disease burden and prognostic risk than single
admission measurements.

Consistent with earlier reports, we observed that patients with unfavorable outcomes or death exhibited marked
increases in inflammatory indices at T2, whereas these indices declined in those with favorable outcomes. This pattern
highlights the adverse impact of sustained inflammation on neurological recovery and supports the importance of
dynamic monitoring rather than reliance on baseline levels alone.

ROC curve analyses confirmed the clinical relevance of these markers, with all four indices at T2 and their FC values
yielding AUCs >0.6 (P < 0.001), indicating moderate discriminative ability. After adjustment for age, sex, and NIHSS,
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Figure 16 ROC curves of SIRI for mortality; (a) Unadjusted; (b) Adjusted. Curves: logT1, logT2, logFC; AUC with 95% CI.
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predictive accuracy improved further, particularly for IPT and SIRI. Nonetheless, overall AUC values did not reach levels
considered excellent, and certain associations (eg, SII logFC with mortality) were only marginally significant. These
findings imply that composite inflammatory indices may serve best as adjunctive biomarkers to complement established
prognostic factors, rather than as stand-alone determinants of clinical decision-making.

Traditional risk factors, including age, sex, hypertension, cardiac and pulmonary disease, as well as laboratory indices
such as serum sodium, hemoglobin, albumin, and renal function, were also closely related to outcomes in our cohort.
This emphasizes the multifactorial nature of stroke prognosis and the necessity of integrated predictive models. Future
research should focus on combining inflammatory indices with conventional clinical and laboratory parameters to
enhance predictive accuracy and clinical applicability.

Studies have demonstrated that inflammatory mechanisms are closely associated with acute ischemic stroke (AIS),
and elevated levels of inflammatory mediators are linked to both early and late neurological deterioration.'* The initial
ischemic event triggers oxidative stress and excitotoxicity, which in turn activate microglia and astrocytes.'*
Concurrently, disruption of the blood-brain barrier (BBB) and aggravation of cerebral edema occur, with neutrophils
being the earliest cells recruited to the infarct core and penumbra.'®> Neutrophils contribute to BBB breakdown either by
releasing matrix metalloproteinase-9 (MMP-9) to degrade tight junction proteins or by internalizing into endothelial cells
and affecting the basement membrane.'® Both mechanisms increase the risk of hemorrhagic transformation (HT)
following thrombolysis in AIS patients.'” Monocyte counts peak around day 3 after stroke and subsequently differentiate
into inflammatory macrophages (MDMs).'"® During ischemia, dying neurons release damage-associated molecular
patterns (DAMPs), such as ATP, HMGB1, DNA fragments, and peroxiredoxins, which are recognized by pattern
recognition receptors (PRRs) and amplify inflammatory responses.'® Platelets, among the earliest recruited cells, play
a critical role in inflammation and infection; by promoting microcirculatory dysfunction, increasing vascular perme-
ability, and undergoing activation and aggregation, they further amplify inflammatory cascades.® Experimental studies
have also shown that lymphocytes coordinate inflammatory responses.”! The differentiation patterns of CD4+ T cells
after brain injury largely determine stroke outcomes, with Thl-derived IFN-y reported to worsen prognosis and enlarge
infarct volume.**?

In addition, several studies have reported that high-sensitivity C-reactive protein (hs-CRP), secreted rapidly by the
liver under stimulation of IL-1, IL-6, and TNF-q, can activate NF-kB and AP-1 signaling pathways, thereby upregulating
the expression of endothelial adhesion molecules such as ICAM-1 and VCAM-1. This promotes leukocyte adhesion and

6438 https: International Journal of General Medicine 2025:18



Wang et al

amplifies inflammatory cascades. Upregulation of ICAM-1 and VCAM-1 has also been shown to be closely associated
with BBB disruption. Clinical studies further demonstrated that hs-CRP is an independent prognostic factor for 3-month
functional outcomes in AIS patients, underscoring its pivotal role in the early inflammatory response following
stroke.* 2

Previous studies have reported predictive value for NLR and PLR in AIS patients receiving rt-PA,?” and SIRI, IPI,
and SII have been linked to cardiovascular and oncologic outcomes.*® >° More recently, PIV has emerged as a prognostic
marker in myocardial infarction. However,”' data linking PIV, IPI, SII, and SIRI to ischemic stroke—particularly in
relation to their dynamic changes—remain limited. Our results extend current knowledge by demonstrating that both
absolute levels at day 7 and relative increases in these indices are strongly associated with poor functional outcomes and
mortality after thrombolysis.

The main strength of this study lies in its focus on dynamic rather than static inflammatory markers and the
comparative evaluation of multiple indices within the same cohort. These features improve generalizability and offer
novel insights into the temporal dimension of inflammatory responses. Several limitations should also be noted. First, the
retrospective design introduces inevitable selection bias and residual confounding. Second, the sample size was relatively
small, potentially reducing the power of subgroup analyses. Third, some potential confounders, such as intercurrent
infections and medication effects, could not be fully controlled. Fourth, patients undergoing bridging therapy (IVT+MT)
generally had more severe strokes, which may have influenced the associations observed between inflammatory markers
and outcomes. Future prospective, multicenter studies with larger populations are needed to validate these findings and to
determine whether incorporating these markers into risk scores can meaningfully improve prognostic accuracy.

Conclusion

This retrospective study demonstrated that early inflammatory responses in AIS patients undergoing intravenous
thrombolysis exhibited significant dynamic changes. In particular, the levels of IPI, SIRI, SII, and PIV at day 7 and
their relative changes were significantly associated with 90-day functional outcomes and mortality. These composite
inflammatory indices, derived from routine hematological parameters, reflect the inflammatory burden after stroke and
may provide auxiliary information for short-term prognostic assessment. Given their simplicity, low cost, and reprodu-
cibility, they warrant further attention as potential adjunctive tools. However, due to the retrospective design of this study,
these findings should be interpreted with caution and require validation in large-scale, prospective, multicenter studies,
including exploration of their combined application with imaging and molecular biomarkers.
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