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Abstract

Background: This large-scale cohort study aimed to evaluate the prognostic role of the systemic immune-inflammation index (SII) in
patients with chronic total occlusion (CTO) undergoing percutaneous coronary intervention (PCI). Methods: A total of 3107 patients
with CTO lesions who underwent PCI were enrolled in this study. Clinical characteristics were collected, and post-discharge major
adverse cardiovascular events (MACEs) were recorded during follow-up, including all-cause mortality, non-fatal myocardial infarction,
unplanned revascularization, and heart failure-related readmission. Patients were stratified into three groups according to SII tertiles:
the low SII group (SII <447.66, n = 1036), the intermediate SII group (447.66 < SII < 679.89, n = 1039), and the high SII group (SII
>679.89,n=1032). Results: Over a median follow-up of2.58 (2.33-2.92) years, 356 (11.5%) MACEs occurred, including 49 (1.6%) all-
cause deaths, 105 (3.4%) non-fatal myocardial infarctions, 164 (5.3%) revascularizations, and 38 (1.2%) heart failure rehospitalizations.
Multivariable Cox regression analyses demonstrated that elevated SII was independently linked to higher risks of MACEs (hazard ratio
[HR] = 1.51, 95% confidence interval [CI]: 1.20-1.90; p = 0.001), all-cause death (HR =2.06, 95% CI: 1.11-3.84; p = 0.022), non-fatal
myocardial infarction (HR = 1.76, 95% CI: 1.15-2.69; p = 0.009), and repeat revascularization (HR = 1.32, 95% CI: 1.01-1.76; p =
0.046) after full adjustment. Kaplan—Meier survival curves showed significantly higher rates of adverse events in patients with elevated
SII. Adding SII to traditional risk models improved predictive performance, as reflected by increases in the concordance index (C-index),
net reclassification improvement (NRI), and integrated discrimination improvement (IDI). Conclusions: Baseline SII is a reliable and
independent predictor of MACEs in patients with CTO after PCI, with superior predictive performance compared with conventional
inflammatory markers.

Keywords: coronary chronic total occlusion; systemic immune-inflammation index; percutaneous coronary intervention; major adverse
cardiovascular events

1. Introduction disorder [7]. Previous studies have demonstrated a close
association between immune responses and inflammatory
processes in the development of atherosclerosis [8,9]. A
range of immune cells, including neutrophils, lympho-
cytes, monocytes, and platelets, participate in every stage
of atherosclerotic plaque formation, progression, and rup-
ture. For example, neutrophils accelerate atherosclerosis by
activating macrophages and recruiting monocytes, whereas
lymphocytes exert anti-atherosclerotic effects by modulat-
ing inflammatory responses [10,11]. In the pathophysiol-
ogy of atherosclerosis, platelets contribute to both acute
thrombosis and chronic vascular inflammation, which, in
turn, promote the destabilization of advanced atheroscle-
rotic plaques [12,13].

Coronary artery disease (CAD) remains a leading
cause of mortality worldwide and is the most common cause
of death globally [1]. Chronic total occlusion (CTO), a se-
vere and complex subtype of CAD, is identified in approxi-
mately 20% of patients undergoing coronary angiography
[2]. Advances in interventional devices and techniques
have markedly improved the success rate of percutaneous
coronary intervention (PCI) for CTO lesions [3]. Success-
ful revascularization effectively relieves angina and reduces
the burden of myocardial ischemia [4,5]. Nevertheless, the
10-year cardiac mortality rate remains as high as 10% even
after successful CTO PCI, highlighting the urgent need to
identify high-risk patients for early intensive intervention

[6].

Conventional hematological inflammatory markers,
including the neutrophil-to-lymphocyte ratio (NLR) and
Atherosclerosis is now recognized as both a disease  platelet-to-lymphocyte ratio (PLR), have been validated
characterized by cholesterol accumulation within the vascu- as predictors of CAD severity and prognosis in post-
lar wall and as a systemic, chronic inflammatory vascular PCI patients [14,15]. Recently, the systemic immune-

Copyright: © 2026 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/RCM
https://doi.org/10.31083/RCM52837
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0549-8138

inflammation index (SII), defined as platelet count X
neutrophil-to-lymphocyte ratio, has been identified as an
integrated inflammatory biomarker associated with adverse
cardiovascular outcomes in patients with coronary artery
disease [16]. However, evidence regarding the prognos-
tic value of SII specifically in patients with CTO remains
limited. Therefore, this study was designed to investigate
whether SII can predict long-term cardiovascular events in
patients with CTO following PCI.

2. Materials and Methods
2.1 Subjects

This single-center retrospective observational study
was conducted at the Heart Center of Beijing Anzhen Hos-
pital, affiliated with Capital Medical University. A total of
3107 patients who met the inclusion criteria were admitted
between January 2019 and November 2021 and were en-
rolled in this study. In addition, 458 patients with non-CTO
lesions served as the control group.

The inclusion criteria were as follows: age >18 years
and angiographically confirmed CTO, defined as Throm-
bolysis in Myocardial Infarction (TIMI) flow grade 0 with
an occlusion duration >3 months [17]. The indication for
PCI in patients with CTO was based on a clinical assess-
ment of symptomatic relief and ischemic burden. All pa-
tients included in the study had either refractory angina de-
spite optimal medical therapy or evidence of significant is-
chemia (=10% myocardial ischemia by stress imaging or
Fractional Flow Reserve (FFR) <0.80 in the CTO-related
territory) [18]. For subjects with multivessel coronary
artery disease or a history of multiple interventional pro-
cedures, only the initial CTO PCI procedure was recorded.

In this study, FFR measurements in the CTO-related
territory were obtained after successful lesion crossing and
revascularization. A pressure-sensing guidewire was ad-
vanced into the distal vessel, and baseline pressures (Pd/Pa)
were recorded. Maximal hyperemia was induced using
intravenous adenosine (140 pg/kg/min) or intracoronary
adenosine (100-200 pg). The FFR value, calculated as
Pd/Pa during hyperemia, was displayed by the monitoring
system. An FFR <0.80 indicated significant ischemia, aid-
ing in the assessment of the functional significance of the
CTO and confirming the adequacy of revascularization.

The exclusion criteria were as follows: acute or
chronic infectious or inflammatory diseases; autoimmune
diseases; acute coronary syndrome within 1 month; se-
vere heart failure (left ventricular ejection fraction [LVEF]
<30%) or cardiogenic shock; malignant tumors; severe hep-
atic or renal dysfunction; use of glucocorticoids or immuno-
suppressants; incomplete clinical data. In addition, all con-
trol patients met the above exclusion criteria to reduce se-
lection bias. All enrolled participants provided written in-
formed consent, and the study protocol was approved by the
institutional ethics committee in accordance with the Dec-
laration of Helsinki.

2.2 Laboratory Measurements

Baseline clinical indicators, including demographic
characteristics and medical history, were recorded at study
enrollment. After admission, fasting venous blood sam-
ples were collected from all patients for laboratory test-
ing, including white blood cell (WBC), neutrophil, lym-
phocyte, and platelet counts; hemoglobin; triglycerides; to-
tal cholesterol (TC); high-density lipoprotein cholesterol
(HDL-C); low-density lipoprotein cholesterol (LDL-C);
high-sensitivity C-reactive protein (hs-CRP); and other lab-
oratory parameters.

The SII was calculated as follows: SII = platelet count
x neutrophil count/lymphocyte count (x10°/L). Meanwhile,
NLR and PLR were also calculated for comparative analy-
sis.

2.3 Angiography and Endpoints

Procedural success of CTO intervention was defined
as complete revascularization of the target chronic total oc-
clusion, residual stenosis <30% in the lesion segments, and
restoration of TIMI grade 3 coronary blood flow. In ad-
dition, no in-hospital major adverse cardiovascular events
(MACES) occurred during hospitalization, including all-
cause death, myocardial infarction, clinically indicated tar-
get vessel revascularization by PCI or coronary artery by-
pass surgery, cardiac tamponade requiring intervention or
surgery, and ischemic or hemorrhagic stroke.

Two widely adopted scoring systems were used to as-
sess the morphological complexity of CTO lesions. The
J-CTO score includes five core variables: stump morphol-
ogy, lesion calcification, vessel bending >45 degrees, lesion
length >20 mm, and prior failed intervention attempts. The
PROGRESS CTO score primarily evaluates proximal cap
ambiguity, collateral circulation, vessel tortuosity, and le-
sion location in the circumflex artery.

Long-term follow-up data were obtained through tele-
phone interviews, electronic medical record review, and
regular outpatient reexamination. The primary endpoint
was MACEs, defined as a composite of all-cause death,
non-fatal MI, unplanned revascularization, and rehospital-
ization for heart failure. The diagnostic criteria for myocar-
dial infarction were based on the fourth universal defini-
tion [19]. Unplanned revascularization events were defined
as any subsequent unexpected PCI or emergency coronary
artery bypass grafting (CABQG).

2.4 Statistical Analysis

Categorical variables are expressed as counts and per-
centages. Continuous variables are presented as the mean +
standard deviation (SD) or median with interquartile range
(IQR, 25th—75th percentiles). Normality was assessed us-
ing the Kolmogorov—Smirnov test. Continuous variables
were compared using the Student’s ¢-test for parametric data
and the Mann—Whitney U test for nonparametric data. The
Kruskal-Wallis test was used to compare three or more co-
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Fig. 1. SII levels in patients with non-CTO lesions, CTO lesions, and failed CTO PCI. SII, systemic immune-inflammation index;

CTO, chronic total occlusion; PCI, percutaneous coronary intervention. Note: *** p <0.001; **** p <(0.0001.

horts. The chi-square test was applied for categorical vari-
ables, and Fisher’s exact test was applied when appropriate.

The Kaplan—Meier method was used to analyze long-
term prognosis and cumulative event rates across SII sub-
groups, with intergroup differences assessed using the log-
rank test. Receiver operating characteristic (ROC) curve
analysis was conducted to compare the predictive perfor-
mance of SII, NLR, PLR, hs-CRP, and WBC for MACEs,
with the DeLong test used to assess pairwise differences
among these curves.

Multivariable Cox regression models were con-
structed to assess the independent association between SII
and adverse cardiovascular outcomes. Three adjusted mod-
els were established: Model 1 included age, body mass in-
dex (BMI), and sex; Model 2 additionally included smok-
ing status, hypertension, diabetes, prior myocardial infarc-
tion, and history of PCI; Model 3 further adjusted for TC,
LDL-C, LVEF, and procedural success of CTO recanal-
ization, with stepwise regression used for variable screen-
ing. Stratified sensitivity analyses were conducted based
on CTO PCI procedural results and SII levels. We com-
puted the C-index, net reclassification improvement (NRI),
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and integrated discrimination improvement (IDI) to evalu-
ate whether adding SII to traditional risk models improved
predictive accuracy for adverse cardiovascular events. All
statistical analyses were performed using IBM SPSS Statis-
tics 24.0 (IBM, Armonk, NY, USA) and R 4.4 (R Founda-
tion for Statistical Computing, Vienna, Austria). A two-
tailed p-value < 0.05 was considered statistically signifi-
cant.

3. Results
3.1 Baseline Characteristics

The median SII level, with interquartile ranges, was
markedly elevated in patients with CTO lesions relative to
those without CTO: 551.11 (397.54-776.20) vs. 453.20
(347.46—673.85), respectively (p < 0.001). Moreover, pa-
tients with unsuccessful CTO PCI had a significantly higher
SII than the overall CTO cohort, with a median of 667.31
(447.84-964.24) compared with 551.11 (397.54-776.20) (p
<0.0001; Fig. 1).

Since SII levels were not normally distributed, the
3107 patients with CTO lesions were stratified into three
subgroups based on the SII tertiles: the low SII group (SII
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Table 1. Baseline clinical and laboratory characteristics of patients with CTO according to SII group.

Tertiles of the systemic immune-inflammation index
Overall (n=3107) p-value

Lower group (n=1036) Mid group (n=1039) Higher group (n=1032)

Demographics
Age, years 60 (52, 67) 60 (53, 66) 59 (52, 66) 60 (53, 68) 0.166
Male, n (%) 2541 (81.8) 860 (83.0) 860 (82.8) 821 (79.6) 0.075
BMI, kg/m? 262+4.3 262+3.5 263+34 26.1+5.2 0.428
Current smoker, n (%) 1004 (32.4) 344 (33.3) 345(33.4) 315 (30.6) 0.325
Previous stroke, n (%) 223 (7.2) 59(5.7) 75(7.2) 89 (8.6) 0.036
Diabetes, n (%) 1318 (42.4) 408 (39.4) 437 (42.1) 473 (45.8) 0.012
Hypertension, n (%) 2087 (67.2) 644 (62.2) 695 (66.9) 748 (72.5) <0.001
Previous PCI, n (%) 1313 (42.3) 431 (41.6) 433 (41.7) 449 (43.5) 0.610
Previous MI, n (%) 730 (23.5) 239 (23.1) 240 (23.1) 251 (24.3) 0.746
Laboratory findings
WBC, x10°/L 6.75 (5.69, 8.00) 6.22 (5.29,7.34) 6.77 (5.73, 7.84) 7.41 (6.25, 8.72) <0.001
Lymphocyte, x10°/L 1.59 (1.17, 2.06) 1.88 (1.45,2.36) 1.63 (1.28,2.04) 1.30 (0.96, 1.68) <0.001
Neutrophil, x10°/L 436 (3.51,5.34) 3.55(2.97,4.23) 4.43 (3.73,5.10) 5.37 (4.39, 6.54) <0.001
Monocyte, x10°/L 0.40 (0.32, 0.50) 0.39(0.31, 0.47) 0.40 (0.32, 0.50) 0.42 (0.34, 0.54) <0.001
Platelets, x10°/L 211 (178, 251) 186 (155, 215) 211 (182, 247) 241 (204, 282) <0.001
NLR 2.59 (1.98, 3.56) 1.82 (1.49, 2.16) 2.56 (2.21, 3.06) 3.99(3.2,5.1) <0.001
PLR 125 (97,164) 93 (76, 113) 125 (106, 147) 177 (144, 224) <0.001
hs-CRP, mg/L 1.13 (0.58, 2.47) 0.96 (0.51, 1.96) 1.14 (0.60, 2.59) 1.39(0.65, 3.12) <0.001
Hemoglobin, g/L 143 (132, 152) 144 (133, 153) 143 (133, 154) 141 (130, 150) <0.001
Creatinine, pmol/L 73.9 (64.4, 84.8) 73.4 (65.2, 84.0) 74.6 (64.3, 83.7) 74.4 (64.0, 85.9) 0.740
Triglycerides, mmol/L 1.50 (1.11, 2.08) 1.51 (1.11, 2.13) 1.47 (1.09, 2.06) 1.51 (1.12, 2.10) 0.594
TC, mmol/L 3.67 (3.13, 4.40) 3.65 (3.09, 4.42) 3.69 (3.13, 4.43) 3.68 (3.14,4.38) 0.639
HDL-C, mmol/L 0.94 (0.81, 1.10) 0.94 (0.80, 1.10) 0.94 (0.83, 1.09) 0.95 (0.82, 1.10) 0.556
LDL-C, mmol/L 2.00 (1.55,2.58) 1.96 (1.52, 2.58) 2.03 (1.55, 2.60) 2.03 (1.58,2.57) 0.336
BNP, pg/mL 54 (28, 108) 54 (31, 119) 51 (28, 106) 59 (27, 138) 0.066
D-dimer, ng/mL 89 (56, 140) 86 (54, 133) 90 (57, 138) 94 (59, 148) 0.012
J-CTO score 2(1,3) 2(1,3) 2(1,3) 2(1,3) 0.919
PROGRESS score 1(0,2) 1(1,2) 1(1,2) 1(0,2) 0.807
Echocardiography
LVEDD, mm 49.1+£5.77 48.8 +£5.60 48.7 +5.60 0.633
48.9 +5.66
LVESD, mm 32.6+3.44 33.1+6.7 325+6.4 323+6.0 0.356
LVEF, % 59.7+8.8 59.2+9.2 59.5+9.1 60.2+8.6 0.221
Medications, n (%)
DAPT 3088 (99.4) 1031 (99.5) 1033 (99.4) 1024 (99.2) >0.999
Statin 3074 (98.9) 1025 (98.9) 1024 (98.6) 1025 (99.3) >0.999
B-blockers 2252 (72.5) 752 (72.6) 756 (72.8) 744 (72.1) 0.938
ACE inhibitor/ARB 1780 (57.3) 591 (57.0) 580 (55.8) 609 (59.0) 0.577
CCBs 1015 (32.7) 330(31.9) 340 (32.7) 345 (33.4) 0.757
Nitrates 786 (25.3) 265 (25.6) 263 (25.3) 258 (25.0) 0.989
Treatment of CTO lesions, n (%) 0.706
LAD 1140 (36.7) 363 (35.0) 391 (37.6) 386 (37.4) -
LCX 636 (20.5) 214 (20.7) 215 (20.7) 207 (20.1) -
RCA 1331 (42.8) 459 (44.3) 433 (41.7) 439 (42.5) -
Successful CTO PCI 2570 (82.7) 883 (85.2) 885(85.2) 802 (77.7) 0.009

MACESs, major adverse cardiovascular events; SII, systemic immune-inflammation index; BMI, body mass index; MI, myocardial infarction;
WBC, white blood cell count; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; hs-CRP, high-sensitivity C-reactive pro-
tein; BNP, brain natriuretic peptide; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;
DAPT, dual antiplatelet therapy; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker;
LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.
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Table 2. Clinical outcomes in patients with CTO based on SII scoring groups.

Tertiles of the systemic immune-inflammation index

Overall (n=3107) p-value
Lower group (n=1036) Mid group (n=1039) Higher group (n=1032)
MACEs, n (%) 356 (11.5) 83 (8.0) 111 (10.7) 162 (15.7) <0.001
All-cause death, n (%) 49 (1.6) 10 (1.0) 15(1.4) 24 (2.3) 0.042
Non-fatal MI, n (%) 105 (3.4) 20 (1.9) 29 (2.8) 56 (5.4) <0.001
Revascularization, n (%) 164 (5.3) 42 (4.1) 54 (5.2) 68 (6.6) 0.036
Congestive HF, n (%) 38(1.2) 11(1.1) 13(1.3) 14 (1.4) 0.826

HF, heart failure.

<447.66, n = 1036), the middle SII group (447.66 < SII <
679.89, n = 1039), and the high SII group (SII >679.89, n
= 1032). The demographic, clinical, and laboratory char-
acteristics of all enrolled patients are summarized in Table
1. Among the study population, 81.8% were male, and the
median age was 60 years (52—-67). Regarding demographic
and clinical characteristics, significant differences were ob-
served among the three subgroups in the prevalence of hy-
pertension, diabetes mellitus, and stroke. In terms of labo-
ratory parameters, patients in the high SII group exhibited
higher WBC, neutrophil, platelet, and monocyte counts,
as well as higher PLR, NLR, D-dimer, and hs-CRP lev-
els. In contrast, these indicators had lower lymphocyte and
hemoglobin counts. Nevertheless, J-CTO and PROGRESS
CTO scores did not differ significantly among the three
groups. Echocardiographic evaluation of cardiac remodel-
ing showed no significant correlations between SII levels
and left ventricular end-diastolic diameter (LVEDD), left
ventricular end-systolic diameter (LVESD), or LVEF. Al-
though RCA-CTO PCI was the most common intervention
among all patients, the difference was not statistically sig-
nificant (p = 0.706). The overall CTO PCI procedural suc-
cess rate reached 82.7%, with the high SII group exhibiting
notably lower success rates than the other two groups.

3.2 Association Between SII and Outcomes in Patients
With CTO

During a median follow-up of 2.58 (2.33-2.92) years,
356 MACEs occurred, accounting for 11.5% of the total
study population. These events included 49 cases (1.6%)
of all-cause death, 105 cases (3.4%) of non-fatal myocar-
dial infarction (MI), 164 cases (5.3%) of revasculariza-
tion, and 38 cases (1.2%) of heart failure hospitalization
(Table 2). Among patients with higher baseline SII lev-
els, 162 (15.7%) experienced MACEs, compared with 111
(10.7%) in the middle SII group and 83 (8.0%) in the
low SII group, with significant intergroup differences (p
< 0.001). Nevertheless, no significant difference in heart
failure-related readmission rates was detected across the
three subgroups (p = 0.826). Kaplan—Meier analysis re-
vealed that patients with low-to-moderate SII exhibited sig-
nificantly lower long-term risks of MACE, all-cause mor-
tality, non-fatal MI, and revascularization than those with
elevated SII values (Fig. 2). These findings indicate that
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elevated SII levels are correlated with an increased risk of
cardiovascular events.

ROC curves were used to assess the incremental pre-
dictive value of SII for MACEs beyond that of NLR, PLR,
WBC count, and hs-CRP level (Fig. 3). The area under the
curve (AUC) for SII in predicting MACEs was higher than
that for NLR (AUC: 0.67, 95% confidence interval (CI):
0.64-0.70 vs. AUC: 0.65, 95% CI: 0.62-0.69; p = 0.019),
PLR (AUC: 0.63, 95% CI: 0.60-0.67; p = 0.003), hs-CRP
level (AUC: 0.53, 95% CI: 0.49-0.56; p <0.001), and WBC
count (AUC: 0.52, 95% CI: 0.49-0.55; p < 0.001). These
findings indicate that SII outperforms NLR, PLR, hs-CRP,
and WBC count in predicting MACEs.

Cox proportional hazards regression analysis demon-
strated that, after adjusting for age, sex, BMI, current smok-
ing status, hypertension, diabetes, previous MI, previous
PCI, LDL-C, TC, LVEF, and successful CTO treatment,
higher SII was associated with an increased risk of future
MACEs (HR: 1.51, 95% CI: 1.20-1.90; p = 0.001), all-
cause mortality (HR: 2.06, 95% CI: 1.11-3.84; p = 0.022),
non-fatal MI (HR: 1.76, 95% CI: 1.15-2.69; p =0.009), and
repeated revascularization (HR: 1.32, 95% CI: 1.01-1.76; p
= 0.046) in multivariable Model 3 (Table 3). Furthermore,
a significant association between SII and MACEs was ob-
served in multivariable Models 1 and 2. We conducted a
sensitivity analysis to investigate the impact of successful
CTO PCI on the relationship between SII and MACEs. The
prognostic significance of SII in patients with successful
CTO PCI was closely consistent with the primary analy-
sis (middle SIT (M-SII) vs. low SII (L-SII): HR 1.32, 95%
CI 1.11-1.57; p = 0.012; high SII (H-SII) vs. low SII
(L-SII): HR 2.32, 95% CI 1.56-3.12; p < 0.001), whereas
no such significant association was found in patients with
failed CTO PCI (Table 4).

3.3 Incorporation of the SII Into Baseline Models for
Outcome Prediction in CTO Patients

Adding SII to the baseline model significantly im-
proved predictive performance for MACEs (p <0.001), all-
cause death (p=0.010), non-fatal MI (p <0.001), and revas-
cularization (p = 0.007), as demonstrated by a significant
increase in the C-index (Table 5). Reclassification analysis
further showed that incorporating SII resulted in an NRI of
0.23 (»<0.001) and an IDI 0of 0.06 (p = 0.001) for MACEs.
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Fig. 2. Kaplan—Meier survival curve analysis of (A) MACEs, (B) all-cause mortality, (C) non-fatal MI, and (D) revascularization.

Table 3. Association between SII and adverse events in patients with CTO after PCI.

Model 12 Model 2° Model 3¢
HR (95% CI)  p-value HR (95%CI) p-value  HR (95% CI) p-value
MACEs 1.69 (1.37-2.09) <0.001 1.59(1.23-1.96) <0.001 1.51 (1.20-1.90) 0.001
All-cause death 1.89(1.06-3.34)  0.031 1.96 (1.09-3.50) 0.024 2.06 (1.11-3.84) 0.022
Non-fatal MI 2.28(1.55-3.34) <0.001 2.04(1.38-3.00) <0.001 1.76 (1.15-2.69) 0.009
Revascularization 1.44 (1.09-1.96) 0.022 1.38 (1.06-1.88) 0.042 1.32 (1.01-1.76) 0.046

2Model 1: adjusted for age, sex, and BMI;

bModel 2: adjusted for age, sex, BMI, current smoker, diabetes, hypertension, previous MI, and previous PCI;

°Model 3: adjusted for age, sex, BMI, current smoker, diabetes, hypertension, previous MI, previous PCI,

LDL-C, TC, LVEF, and successful CTO treatment.
CI, confidence interval; HR, hazard ratio.

Table 4. Sensitivity analysis of the relationship between SII and MACEs based on PCI outcomes for CTO lesions.
Lower group Mid group Higher group
HR (95% CI) p-value HR (95% CI) p-value  HR (95% CI) p-value

Successful CTO PCI
Failed CTO PCI

1 (reference) -
1 (reference) -

1.32 (1.11-1.57)
1.02 (0.89-1.42)

0.012
0.259

<0.001
0.538

2.32(1.56-3.12)
1.43 (0.52-2.67)

Adjusted for age, BMI, sex, smoking status, diabetes, hypertension, previous MI, previous PCI, LDL-C, TC,

and LVEF.

For all-cause death, the NRI was 0.09(p = 0.019), and the
IDI was 0.03 (p = 0.008). For non-fatal MI, the NRI was
0.07 (p = 0.008), and the IDI was 0.04 (p < 0.001). For
revascularization, the NRI was 0.13 (p = 0.011), and the
IDI was 0.004 (p = 0.031) (Table 5). These results show
that adding SII to prognostic models yields superior predic-

tive performance compared with conventional risk factors
alone in post-PCI CTO patients.

4. Discussion

To our knowledge, this is the first study to explore the
association between baseline SII and the risk of cardiovas-

&% IMR Press


https://www.imrpress.com

o _|
o0
©
©
o O ]
2
=
@
c
0
2 <
3
N
© AUC of SlI:0.67(95%Cl 0.64-0.70)
—— AUC of NLR:0.65(95%Cl 0.62-0.69)
AUC of PLR:0.63(95%CI 0.60-0.67)
—— AUC of hsCRP:0.53(95%CI 0.49-0.56)
- AUC of WBC:0.52(95%Cl 0.49-0.55)
S
I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0

1-specificities

Fig. 3. Receiver operating characteristic (ROC) curve analysis of the inflammatory index for predicting MACEs.

Table 5. Performance assessment of novel prognostic models for adverse outcomes.

C-index (95% CI) p-value NRI (95% CI)  p-value IDI (95% CI)  p-value

MACEs
Traditional risk factors 0.70 (0.67-0.73) - Ref - Ref -
New risk factors 0.76 (0.73-0.79) <0.001 0.23 (0.08-0.31) <0.001 0.06 (0.05-0.08) 0.001
All-cause mortality
Traditional risk factors 0.84 (0.78-0.89) - Ref - Ref -

New risk factors 0.86 (0.81-0.92) 0.010
Non-fatal MI

0.09 (0.02-0.21) 0.019  0.03 (0.01-0.07) 0.008

Traditional risk factors 0.86 (0.83—0.89) - Ref - Ref -

New risk factors 0.90 (0.87-0.92) <0.001 0.07 (0.02-0.24) 0.008 0.04 (0.02—0.06) <0.001
Revascularization

Traditional risk factors 0.61 (0.56-0.67) - Ref - Ref -

New risk factors 0.64 (0.59-0.68) 0.007 0.13(0.04-0.23) 0.011 0.00 (0.00-0.01) 0.031

Notes: Traditional risk factors included age, sex, BMI, smoking status, diabetes, hypertension, and pre-

vious ML

IDI, integrated discrimination improvement; NRI, net reclassification improvement.

cular events in patients with CTO lesions. Elevated SII may
independently predict adverse outcomes in post-PCI CTO
patients. In addition, compared with traditional indicators
such as WBC, PLR, NLR, and hs-CRP, higher baseline SII
levels appear to be more effective in predicting MACEs. In-
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corporating SII into the clinical predictive model enhanced
the ability of the metric to predict MACEs in CTO patients
after PCI, as evidenced by an improved C-index.

CTO PCI is considered one of the most challenging
procedures in coronary interventional cardiology [2]. With
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continuous advances in CTO interventional techniques and
evolving concepts, the success rate of this procedure has
steadily increased [3]. Nevertheless, even after successful
CTO PCI, the 10-year cardiac mortality rate remains 10%
[6]. To alleviate the burden and damage caused by CTO
lesions, it is necessary to explore the relationship between
relevant indicators and CTO-related risks. This may facil-
itate the identification of high-risk patients with CTO who
require early clinical intervention.

Atherosclerosis is the primary cause of CAD and is
closely associated with persistent inflammatory responses
[20]. The rupture of atherosclerotic plaques involves com-
plex interactions between the innate and adaptive immune
systems [21]. Neutrophils undergoing suicidal death can
release pro-oxidative substances and pro-inflammatory me-
diators, which contribute to the formation of neutrophil ex-
tracellular traps (NETs). Notably, NETs exert multiple pro-
thrombotic effects by facilitating platelet adhesion, acti-
vation, and aggregation, thereby inducing thrombosis and
increasing the risk of acute complications, including MI
[22,23]. As a marker of subclinical inflammation, NLR has
been identified in prior studies as an independent predictor
of cardiovascular events and mortality among patients with
coronary artery disease, particularly those with ST-segment
elevation myocardial infarction [24]. Additionally, NLR is
closely correlated with the severity of coronary atheroscle-
rosis and the morphological characteristics of atheroscle-
rotic plaques [25]. In addition to NLR, experimental studies
have demonstrated that platelets interact with neutrophils
in key biological processes underlying atherosclerosis and
thrombosis [26]. Intravascular platelet aggregation and en-
dothelial damage are also crucial contributors to the de-
velopment of atherosclerosis, which often leads to adverse
cardiovascular events. As a reliable biomarker for CAD,
platelets can effectively predict thrombotic potential and
blood vulnerability [27]. It has also been reported that PLR
is an effective predictor of severe atherosclerosis [28].

Recently, SII has emerged as a novel indicator based
on circulating immune and inflammatory cells. SII inte-
grates information from platelet, neutrophil, and lympho-
cyte counts and may reflect three key pathways: thrombo-
sis, the inflammatory response, and the adaptive immune
response [29]. This biomarker was originally proposed by
Hu et al. [30], and existing research has shown that it effec-
tively reflects the severity of systemic inflammation in can-
cer patients and has high prognostic value across different
cancer types. Yang et al. [31] found that elevated SII inde-
pendently correlates with cardiovascular events, including
non-fatal myocardial infarction and stroke, and exhibits su-
perior prognostic performance for MACEs relative to con-
ventional inflammatory and hematologic markers. Liu et
al. [32] demonstrated that SII outperforms PLR, NLR, and
CRP in predicting the occurrence of coronary artery dis-
ease. Prior research identified elevated SII as an indepen-
dent long-term prognostic marker for MACEs and mor-

tality in patients with three-vessel coronary disease post-
revascularization [33]. Another study showed that elevated
SII is independently linked to ischemia in patients with non-
obstructive coronary artery disease [34]. Notably, SII ap-
pears to be more stable than a single blood cell count, which
can be easily affected by various interfering factors such as
fluid overload and dehydration [35]. Another study demon-
strated that SII levels were significantly higher in patients
with ST-segment elevation myocardial infarction who died
during in-hospital follow-up than in those who were dis-
charged alive [36]. A recent meta-analysis further con-
firmed that SII has strong prognostic value for both MACEs
and all-cause mortality in patients with acute coronary syn-
drome [37]. However, research exploring the relationship
between cardiovascular risk and SII in patients with CTO
lesions remains limited. One study revealed that elevated
SII is strongly correlated with poor collateral circulation
in CTO lesions and has superior risk-stratification capac-
ity compared with individual inflammatory markers [38].
When the coronary artery is completely occluded, the pres-
sure gradient within the artery and the shear stress on the ar-
terial wall increase, leading to inflammation and oxidative
reactions and stimulating the growth of coronary collateral
vessels. During this process, neutrophils and lymphocytes
activate a series of downstream molecular pathways and
participate in the expression of monocyte attraction- and
adhesion-related proteins [39]. In contrast, well-developed
coronary collateral circulation can improve the quality of
life and prognosis of patients with CTO [40]. In our study,
baseline SII in the CTO group was significantly higher than
that in the non-CTO group, indicating more severe systemic
inflammation. Meanwhile, patients with higher SII levels
had a lower rate of successful CTO PCI (77% vs. 85%).
This difference in PCI success rates may be a confound-
ing factor in clinical outcomes, as successful CTO PCI is
known to significantly improve the prognosis of patients
with CTO. The lower PCI success rate in the high SII group
could partially explain their poorer clinical outcomes. In
our sensitivity analysis, SII showed a significant correla-
tion with cardiovascular risk only among patients who un-
derwent successful CTO PCI; conversely, this association
was not observed among patients with unsuccessful CTO
revascularization. This suggests that successful CTO PCI
may modify patient prognosis and highlights the dual role
of SII. As a comprehensive marker of inflammation and im-
mune status, SII reflects both the overall health status and
PCI response capacity of patients, as well as their potential
for recovery. For patients with failed CTO PCI, prognosis
may be more strongly influenced by anatomical complexity
and unresolved issues, such as persistent CTO lesions and
ongoing blood flow disturbances.

Hypertension and diabetes are important precursors
of cardiovascular disease. The “common soil” hypothesis
posits that cardiovascular diseases and diabetes share com-
mon genetic and environmental factors, with chronic low-
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grade inflammation serving as a key driver of their patho-
genesis [41]. Prior research identified a stronger positive
association between SII and coronary artery disease among
patients with diabetes or hypertension [42]. This may be
attributable to inflammatory infiltration, endothelial dys-
function, and vascular remodeling induced by chronic in-
flammation in these patients [43]. These results may in-
dicate a unique metabolic profile in patients with diabetes
compared with the general population. In addition, com-
pared with the low and medium SII groups, the high SII
group had a higher proportion of patients with hyperten-
sion and diabetes at baseline (72.5% and 45.8%, respec-
tively), which may partly explain the association between
SII and the higher incidence of cardiovascular events. This
study further expands the clinical significance of SII in
cardiovascular disease. In our analysis, the AUC values
for all inflammatory indices, including SII, were relatively
low. This may be related to the baseline characteristics of
the specific patient population, individual differences in in-
flammatory responses, or other confounding clinical fac-
tors. In the current study, incorporating SII into clinical
prediction models both enhanced the predictive ability for
MACE:s in patients with CTO and reclassified patients into
different risk categories, as indicated by NRI and IDI anal-
yses. These findings suggest that elevated SII may inde-
pendently predict subsequent adverse cardiovascular events
and improve prognostic performance for adverse outcomes
in patients with CTO.

The effect of coronary revascularization for stable
angina remains unclear, especially when pharmacological
therapies can effectively control symptoms. While revas-
cularization has been shown to significantly improve symp-
toms and reduce cardiovascular events in certain patients,
not all patients benefit from coronary revascularization.
SII assessment has the potential to identify patients who
may benefit from revascularization. In patients with sta-
ble angina, elevated SII levels may reflect increased in-
flammation, endothelial dysfunction, and progression of
atherosclerosis. These factors could indicate a higher risk
of cardiovascular events and may help guide the decision
to proceed with coronary revascularization. Specifically,
SII assessment could aid patient selection by identifying
those at higher risk of adverse outcomes. Higher SII levels
may indicate a greater inflammatory burden that could be
mitigated by coronary revascularization through improved
blood flow, symptom relief, and reduced risk of future car-
diovascular events. Conversely, patients with lower SII
levels might be adequately managed with medical therapy
alone, potentially avoiding unnecessary interventions. For
instance, if a significant decrease in SII is observed post-
PCI, it may suggest that the procedure was successful and
has helped reduce thrombus formation and the progression
of atherosclerosis. This change could serve as a useful in-
dicator of treatment success and inform further therapeutic
decisions. While further clinical validation is needed, SII as
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a composite marker offers a novel approach to identifying
patients with stable angina who may benefit from coronary
revascularization.

The interactions among neutrophils, lymphocytes, and
platelets may provide new therapeutic targets to alleviate
chronic inflammation, which is often associated with MI.
One study emphasized that anti-inflammatory interventions
may slow atherosclerotic progression and lower the risk of
adverse cardiovascular events [44]. The large-scale ran-
domized, double-blind Canakinumab Anti-Inflammatory
Thrombosis Outcomes Study (CANTOS) showed that tar-
geted inhibition of IL-1f lowers hs-CRP concentrations and
reduces the risk of cardiovascular events. Notably, there
was no significant reduction in lipid levels in the experi-
mental group after treatment. As the first trial to confirm
that reducing inflammation can reduce adverse cardiovas-
cular events independently of lipid levels, CANTOS pro-
vides strong evidence that targeted anti-inflammatory treat-
ment is effective in managing atherosclerosis [45]. In ad-
dition, colchicine exerts anti-inflammatory effects by in-
hibiting microtubule proteins, thereby suppressing micro-
tubule aggregation, neutrophil activation, and migration.
The Colchicine Cardiovascular Outcomes Trial (COLCOT)
demonstrated that colchicine therapy decreases recurrent
cardiovascular events in patients following acute myocar-
dial infarction. Simultaneously, supplementary experi-
ments indicated that patients in the colchicine treatment
group had smaller infarct sizes and lower inflammatory
marker levels, including neutrophil counts [46]. SII reflects
the systemic immune-inflammatory state, which may ex-
plain its association with MACEs. For individuals with el-
evated SII levels detected during routine physical examina-
tions, lifestyle interventions to reduce inflammation may be
recommended [47]. In addition, for the general population
with high SII levels, it may be necessary to increase the fre-
quency of medical examinations appropriately to facilitate
early detection and intervention, thereby improving clinical
outcomes.

The SII index, which requires only a complete blood
count, is an attractive option for reflecting systemic inflam-
mation levels due to its high availability and low cost. In
conclusion, our study suggests that SII may help identify
high-risk CTO patients who warrant intensified therapeutic
interventions and closer follow-up.

5. Limitations

This study has several limitations. First, the study is
retrospective, which limits the ability to establish causal re-
lationships and may introduce potential bias. The causes
of death were not reported, which could limit our under-
standing of the factors contributing to patient outcomes.
Additionally, since the study population consisted predom-
inantly of Asian male patients, the generalizability of the
findings to non-Asian populations and women may be lim-
ited. Further prospective, multicenter studies with diverse
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ethnic populations, balanced sex representation, and com-
plete mortality data are needed to validate and extend these
findings. Second, SII and other inflammatory markers were
measured only at baseline, without serial assessments dur-
ing follow-up. Third, although multivariable analytical
methods were employed, unmeasured confounding factors
may still have influenced the outcomes. Inflammatory con-
ditions, such as obesity and metabolic syndrome, may af-
fect SII, and subgroup analyses are needed for further in-
vestigation. Fourth, collateral circulation in CTO patients
was not recorded in this study database. Future studies
could combine collateral circulation status with CTO treat-
ment response (e.g., PCI success rate, incidence of cardio-
vascular events) to further explore how collateral circula-
tion affects treatment response. Finally, it remains unclear
whether drugs such as aspirin or statins can reduce the risks
associated with inflammatory conditions.

6. Conclusions

Based on the above results, the baseline SII appears
to be a reliable biomarker in CTO patients undergoing PCI;
compared with traditional indicators, baseline SII may have
better predictive ability for MACEs. Our findings fur-
ther advance the understanding of SII as a valuable risk-
stratification tool for cardiovascular events, particularly in
post-PCI patients with CTO lesions.
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