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Aim: To investigate the influencing factors for acute myocardial infarction (AMI) complicated by cardiac rupture (CR),evaluate the 
predictive value of the systemic inflammation response index (SIRI), and construct a clinically practical risk prediction model.
Methods: A total of 53 AMI patients complicated with CR admitted to Tianshui First People’s Hospital from January 2013 to 
December 2023 were enrolled as the CR group.During the same period, 159 AMI patients without CR were selected as the control 
group at a 1:3 ratio, matched for age and sex.Baseline data, clinical indicators, and laboratory test results of patients in both groups 
were collected, and SIRI was calculated. Lasso regression was used to screen core variables, multivariate Logistic regression analysis 
was performed to identify independent influencing factors, a nomogram prediction model was constructed based on key variables, and 
the receiver operating characteristic (ROC) curve was used to evaluate the model’s efficacy.
Results: Multivariate Logistic regression analysis showed that admission heart rate (OR = 1.050,95% CI = 1.024–1.075, P < 0.001), 
Killip classification (OR = 2.092,95% CI = 1.460–2.997, P < 0.001) and SIRI (OR = 1.105,95% CI = 1.022–1.196, P = 0.012) were 
independent risk factors for CR in AMI patients. Primary PCI (OR = 0.239,95% CI = 0.097–0.589, P = 0.002) and taking ACEI / ARB 
drugs within 24 hours (OR = 0.173,95% CI = 0.060–0.500, P = 0.001) were protective factors. The ROC curve model constructed 
based on the above five indicators has an area under the curve (AUC) of 0.885.
Conclusion: Admission heart rate, Killip classification, and systemic inflammatory response index are independent risk factors for 
AMI with CR. Primary PCI and the administration of ACEI/ARB within 24 hours of admission were identified as protective factors 
against CR. The nomogram model demonstrated good predictive value for the occurrence of cardiac rupture in patients with AMI.
Keywords: acute myocardial infarction, cardiac rupture, systemic inflammation response index, predictive factors, nomogram

Introduction
With the acceleration of global population aging and the westernization of residents’ lifestyles, cardiovascular diseases 
(CVDs) have emerged as one of the leading causes of mortality and disability both in China and worldwide.1,2 

Epidemiological studies by Du et al3 have shown that the prevalence of CVDs in China continues to rise, posing a heavy 
burden on public health. The Global Burden of Disease study indicates that between 1990 and 2019,4 the incidence and 
mortality rates of CVD in China increased by 93.75% and 57.39%, respectively. As the most critical subtype of cardiovascular 
disease,AMI is not only a leading cause of death among the Chinese population but also the primary cause of both out-of- 
hospital and in-hospital cardiac sudden death.5 Although reperfusion therapy has become widely available, CR—one of the 
most lethal mechanical complications of AMI—remains the third leading cause of early in-hospital death among AMI 
patients.6,7 The American Heart Association (AHA) 2021 scientific statement, which integrates data from multiple large-scale 
international AMI registries (eg., NRMI, ESC EORP-AMI, SWEDEHEART),8 indicates that the incidence of CR after AMI is 
approximately 0.5%–2.0% in the contemporary era of widespread percutaneous coronary intervention (PCI). The situation 
regarding the prevention and treatment of cardiac rupture is particularly dire in northwestern China, where cardiovascular risk 
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factors are poorly controlled and medical resources are relatively scarce.9,10 Therefore, early identification of high-risk 
individuals is crucial for further reducing in-hospital mortality from AMI.

Inflammation plays a central role in cardiac remodeling and the development of CR following AMI.11,12 The systemic 
inflammatory response triggered by myocardial ischemia and necrosis after AMI can,13–15 through imbalances in the 
number and function of inflammatory cells, affect myocardial collagen metabolism and compromise ventricular wall 
stability, thereby indirectly increasing the risk of CR.16 The Systemic Inflammation Response Index (SIRI) integrates 
neutrophil, lymphocyte, and monocyte counts,17,18 compared to factors based on changes in only two indices—the 
neutrophil-to-lymphocyte ratio (NLR) which reflects the ratio of neutrophils to lymphocytes, and the platelet-to- 
lymphocyte ratio(PLR), which reflects the relative change in platelets to lymphocytes—it can simultaneously reflect 
the degree of pro-inflammatory cell accumulation and the suppression of anti-inflammatory cells, thereby more accu
rately assessing inflammation-immune imbalance. This index has demonstrated prognostic value in various malignant 
tumors,19,20 but evidence regarding its predictive role in AMI complicated by CR remains lacking.21
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Inflammation plays a central role in cardiac remodeling and the development of CR following AMI.11,12 The systemic 
inflammatory response triggered by myocardial ischemia and necrosis after AMI can,13–15 through imbalances in the 
number and function of inflammatory cells, affect myocardial collagen metabolism and compromise ventricular wall 
stability, thereby indirectly increasing the risk of CR.16 The Systemic Inflammation Response Index (SIRI) integrates 
neutrophil, lymphocyte, and monocyte counts,17,18 compared to factors based on changes in only two indices—the 
neutrophil-to-lymphocyte ratio (NLR) which reflects the ratio of neutrophils to lymphocytes, and the platelet-to- 
lymphocyte ratio(PLR), which reflects the relative change in platelets to lymphocytes—it can simultaneously reflect 
the degree of pro-inflammatory cell accumulation and the suppression of anti-inflammatory cells, thereby more accu
rately assessing inflammation-immune imbalance. This index has demonstrated prognostic value in various malignant 
tumors,19,20 but evidence regarding its predictive role in AMI complicated by CR remains lacking.21

In view of this, this study retrospectively analyzed the clinical data of AMI patients admitted to Tianshui First People’s 
Hospital (a single center) over a 10-year period (January 2013—December 2023). The aims were to explore the independent 
risk factors for AMI complicated by CR, focus on evaluating the predictive value of SIRI for CR in AMI patients, and 
construct a nomogram prediction model based on clinically accessible indicators. This study intends to provide a scientific 
basis for clinicians to early identify high-risk groups for CR and formulate individualized diagnosis and treatment strategies, 
thereby providing new ideas for reducing the incidence of CR and improving the long-term prognosis of AMI patients.
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Materials and Methods
Study Population
This was a single-center retrospective observational analysis. The study subjects were patients with AMI admitted to 
Tianshui First People’s Hospital from January 2013 to December 2023. During the study period, 53 patients diagnosed 
with AMI complicated by CR on echocardiography were enrolled as the CR group. Another 159 AMI patients without 
CR hospitalized during the same period were selected as the control group, matched 1:3 for age and sex.This study 
protocol was in compliance with the ethical principles of the Declaration of Helsinki and approved by the Ethics 
Committee of Tianshui First People’s Hospital. As a retrospective observational study, the clinical data of patients were 
anonymized without additional medical burden, and informed consent was waived by the Ethics Committee after review.

Inclusion and Exclusion Criteria
Inclusion Criteria
① Age ≥60 years; ② Diagnosed with ST-segment elevation myocardial infarction (STEMI) upon admission in 
accordance with the 2022 American College of Cardiology (ACC)/European Society of Cardiology (ESC) Guidelines 
for the Management of STEMI; ③ Patients in the CR group were confirmed to have CR by echocardiography 
(characteristic findings such as myocardial wall discontinuity and pericardial effusion) during hospitalization, while 
those in the non-CR group had no CR during hospitalization and 30-day follow-up after discharge; ④ Complete clinical 
and laboratory data.

Exclusion Criteria
① CR not caused by AMI (eg., trauma, infective endocarditis, aortic dissection involving the heart, etc).; ② Diseases or 
factors affecting neutrophil, lymphocyte, or monocyte counts (eg., hematological diseases, malignant tumors, autoim
mune diseases, active infections, systemic inflammatory response syndrome, long-term (≥3 months) use of glucocorti
coids or immunosuppressants, etc).; ③ Missing key clinical or laboratory indicators that affect the integrity of study data.

Data Collection and Processing
Relevant patient information was extracted from the hospital’s electronic medical record system and laboratory 
information system, including:

Baseline Data
Age, gender, smoking history (defined as smoking ≥1 cigarette per day for ≥1 year), past stroke history.

Laboratory Indicators
Peripheral venous blood was collected within 24 hours after admission to detect white blood cell count (WBC), 
neutrophil count (N count), lymphocyte count (L count), monocyte count (M count), neutrophil percentage (N%), 
lymphocyte percentage (L%), hemoglobin (Hb), platelet count (PLT), and serum creatinine (SCr). The systemic 
inflammation response index (SIRI) was calculated as SIRI = (neutrophil count × monocyte count) / lymphocyte count 
(all cell count units in ×109/L).

Comorbidities
Hypertension (HT), diabetes mellitus (DM), dyslipidemia, heart failure (HF), shock, prior myocardial infarction (prior-MI), 
and past stroke history.

Treatment Measures
Usage of angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker (ACEI/ARB), β-blocker, and other 
drugs, as well as reperfusion therapy such as percutaneous coronary intervention (PCI) and thrombolysis.

Information regarding infarct location, the number of diseased coronary vessels (single vessel or multivessel disease), 
and the specific site of coronary artery lesions was obtained from coronary angiography and medical records.
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Statistical Analysis
Statistical analyses were performed using SPSS (version 22.0) and R software (version 4.0.0; “rms” for nomogram, 
“pROC” for ROC curve, “rmda” for DCA).Missing data. Variables with a missing rate >35% were excluded. For 
continuous variables with missing rate <5%, multiple imputation was applied; for categorical variables with missing rate 
<5%, mode imputation was used. Normally distributed variables were expressed as mean±SD (�x� s) (independent- 
samples t-test for intergroup comparison), and non-normal variables as median (IQR) [M (IQR)] (Mann–Whitney U-test). 
Categorical variables were presented as n (%) (Pearson’s χ2-test). Lasso regression was performed with 10-fold cross- 
validation. The optimal penalty parameter λ was selected using the lambda.1se criterion (λ=0.073), which balances model 
fit and parsimony. Variables with non zero coefficients were retained. These selected variables were then entered into 
a multivariate logistic regression model to identify independent risk factors for cardiac rupture.

Discrimination was assessed by the area under the ROC curve (AUC), sensitivity, and specificity. Calibration was 
evaluated using the Hosmer-Lemeshow test (P > 0.05 indicates good calibration) and calibration plots. Clinical utility 
was assessed by decision curve analysis (DCA). A two tailed P < 0.05 was considered statistically significant.

Results
Comparison of Key Indicators Between the Two Groups
Baseline clinical characteristics, laboratory parameters, and medication use were compared between the two groups 
(Table 1).Baseline clinical characteristics. Compared with the control group, patients in the CR group presented with 
higher admission heart rate, a higher proportion of Killip class ≥III, and lower systolic and diastolic blood pressure (all 
P < 0.05). Left ventricular ejection fraction (LVEF) was significantly lower in the CR group (44 (38–50) vs. 49 (41–58), 

Table 1 Comparison of Various Indicators Between Groups with and without Cardiac Rupture

Indicators Cardiac Rupture Group 
(n=53)

Non-Cardiac Rupture Group 
(n=159)

X2/t/z P

Male 33(62.26) 111(69.81) 1.039 0.308
Age (years) 73.91±6.09 74.67±7.06 0.708 0.480

First myocardial infarction (%) 51(96.23) 152(95.00) 0.000 >0.999

Smoking history (%) 23(43.40) 54(33.96) 1.503 0.216
Stroke History (%) 11(20.75) 17(10.69) 3.511 0.061

Dyslipidemia (%) 6(11.32) 14(8.81) 0.294 0.587

Coronary heart disease history (%) 7(13.21) 9(5.66) 2.253 0.133
PCI history (%) 1(1.89) 1(0.63) - 0.438

Diabetes mellitus history (%) 17(32.08) 32(20.13) 3.194 0.074

Hypertension history (%) 17(32.08) 32(20.13) 3.194 0.074
Admission heart rate (beats/min) 95.83±23.42 77.88±16.55 −6.099 <0.001

Systolic blood pressure (mmHg) 119.25±24.41 128.42±2.57 2.509 0.013

Diastolic blood pressure (mmHg) 76.60±20.18 82.03±17.41 1.885 0.061
Killip Classification (%) 28.428 <0.001

Class 1 11(20.75) 96(60.38)
Class 2 8(15.09) 18(11.32)

Class 3 15(28.30) 26(16.35)

Class 4 19(35.85) 19(11.95)
Red blood cell count (×109/L) 4.40±0.66 4.41±0.62 0.094 0.925

Hemoglobin (g/L) 141(128,157) 140.5(128,148) −0.978 0.328

PHR 220.29(144.25,251.14) 171.05(130.26,240.74) −1.519 0.129
White blood cell count (×109/L) 11.27(9.5,14.54) 9.5(7.29,11.83) −3.359 0.001

Neutrophil percentage (%) 82(78.2,87.8) 77.9(73.2,82.6) −3.235 0.001

NLR (Neutrophil-to-Lymphocyte Ratio) 9.01(5.22,12.85) 5.42(3.8,7.4) −4.521 <0.001

(Continued)
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Table 1 (Continued). 

Indicators Cardiac Rupture Group 
(n=53)

Non-Cardiac Rupture Group 
(n=159)

X2/t/z P

Lymphocyte percentage (%) 15.8(11.3,20.6) 16.5(13.1,20.7) −1.071 0.284
SIRI 5.67(3.82,8.53) 2.93(1.84,4.41) −5.811 <0.001

Monocyte percentage (%) 5.5(3.9,7) 5.9(5.3,7.1) −1.485 0.138

Serum potassium (mmol/L) 4.04(3.79,4.41) 4.19(3.76,4.32) −0.141 0.888
Serum sodium (mmol/L) 138(134.9,140) 139(136,140.5) −1.041 0.298

Serum calcium (mmol/L) 2.18(2.1,2.3) 2.18(2.11,2.25) −0.602 0.547

CK-MB (ng/mL) 43.87(8.9,138.8) 28.86(4.4,100) −2.038 0.042
Myoglobin (Myo,ng/mL) 400(113.96,848) 149(53.46,504) −3.172 0.002

Creatine kinase (CK, U/L) 798(225,1902) 1151.2(304,2265) −1.074 0.283

Lactate dehydrogenase (LDH, U/L) 780(432,1470) 526(342.5,872) −2.754 0.006
Cardiac troponin I (cTnI, ng/mL) 3.45(0.28,14.34) 1.3(0.1,6.7) −1.674 0.094

Prothrombin time (PT, s) 13.3(12.6,14.6) 12.8(12.2,13.7) −2.533 0.011

Activated partial thromboplastin time (APTT, s) 31.2(27.3,33.9) 30.3(27.5,34.4) −0.515 0.607
D-dimer (mg/L FEU) 1.02(0.67,3.11) 0.72(0.58,1.3) −2.22 0.026

Fibrinogen (FIB, g/L) 3.98(2.65,5.13) 3.1(2.4,4.16) −2.255 0.024

Thrombin time (TT, s) 18.1(16.4,19.4) 18.8(16.5,19.7) −1.08 0.28
Blood glucose (Glu,mmol/L) 6.75(5.58,9.32) 6.14(5.3,8.17) −1.394 0.163

Total cholesterol (TC,mmol/L) 3.38(2.63,4.33) 3.74(3.33,4.49) −2.485 0.013

Triglycerides (TG,mmol/L) 1.13(0.88,1.52) 1.34(0.99,1.9) −2.224 0.026
Low-density lipoprotein cholesterol (LDL-C, mmol/L) 2.09(1.42,2.61) 2.33(1.85,2.84) −1.983 0.047

Alanine aminotransferase (ALT, U/L) 47.9(29.4,68.3) 40.3(25.5,61.6) −0.936 0.349
Aspartate aminotransferase (AST, U/L) 121.9(41.9,246.5) 153.6(70.7,300.5) −1.102 0.271

Albumin (Alb,g/L) 38.4(35.3,41.2) 39.5(37.1,42.4) −2.047 0.041

Total protein (TP,g/L) 59.7(56.3,65.9) 62.9(60.2,66.5) −2.987 0.003
Total bilirubin (TBil,μmol/L) 14(10.23,25.1) 15(9.8,18.1) −0.78 0.436

Direct Bilirubin (DBil,μmol/L) 5.7(4.3,8.4) 5.3(3.8,7.3) −1.289 0.197

Serum Creatinine (Scr,μmol/L) 74(64,95) 72(63,83) −1.257 0.209
First Medical Contact Time (FMC, min) 960(360,2160) 172(103,418) −7.023 <0.001

N-terminal Pro-B-type Natriuretic Peptide (NT- 

proBNP, pg/mL)

3349(1000,7100) 786(181,2490) −4.658 <0.001

Left Ventricular Ejection Fraction (EF, %) 44(38,50) 49(41,57) −2.647 0.008

Thrombolytic Therapy (%) 2(3.77) 17(10.69) 1.561 0.212

Oral Dual Antiplatelet Therapy (%) 52(98.11) 159(100.00) - 0.250
ACEI/ARB (%) 6(11.32) 70(44.03) 18.487 <0.001

β-Blocker (%) 15(28.30) 75(47.17) 5.792 0.016

AMI location, n (%)
Anterior wall 28(52.83) 71(44.65) 1.068 0.301

Anteroseptal wall 1(1.89) 3(1.89) 0.000 >0.999

Extensive anterior wall 17(32.08) 63(39.62) 0.964 0.326
Inferior wall 21(39.62) 61(38.36) 0.027 0.871

High lateral wall 3(5.66) 6(3.77) 0.039 0.844

Lateral wall 3(5.66) 8(5.03) 0.000 >0.999
Involving ≥2 walls 16(30.19) 43(27.04) 0.196 0.658

Left anterior descending artery (LAD), n (%) 41(77.36) 113(71.07) 0.791 0.374

Left circumflex artery (LCx), n (%) 17(32.79) 41(25.79) 0.791 0.374
Right coronary artery (RCA), n (%) 27(50.94) 87(54.72) 0.228 0.633

Left main coronary artery (LMCA), n (%) 6(11.32) 16(10.01) 0.068 0.795

Number of diseased vessels, n (%) 0.539 0.463
Single-vessel 18(33.96) 63(39.62)

Multi-vessel 35(66.04) 96(60.38)
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P = 0.008), and the rate of primary percutaneous coronary intervention (PCI) was lower (P < 0.05). These findings 
suggest that patients who developed CR had more severe hemodynamic compromise and less frequent timely revascu
larization. No significant differences were observed between the two groups in terms of culprit vessel or number of 
diseased vessels (all P > 0.05).(see Table 1).

Laboratory parameters. Regarding cardiac biomarkers, the CR group showed significantly elevated levels of Myo, 
CK-MB, and NT-proBNP (all P < 0.05). Coagulation parameters including PT, D-dimer, and fibrinogen were also 
significantly higher in the CR group (all P < 0.05), indicating a more pronounced hypercoagulable state. In contrast, 
metabolic parameters such as total cholesterol, triglycerides, albumin, total protein, and LDL-C were significantly lower 
in the CR group (all P < 0.05). (see Table 1).

Inflammatory markers and blood cell counts. Patients in the CR group had higher white blood cell count, neutrophil 
percentage, neutrophil-to-lymphocyte ratio (NLR), hemoglobin, and SIRI compared with the control group (all P < 0.05). 
Among these,SIRI demonstrated the most pronounced elevation (5.67 [IQR:3.82–8.53] vs. 2.93 [IQR:1.84–4.41],P < 
0.001), suggesting systemic inflammation may play a prominent role in cardiac rupture. (see Table 1).

Medication use. The proportion of patients receiving ACEI/ARB or β-blockers within 24 hours of admission was 
significantly lower in the CR group than in the control group (both P < 0.05), highlighting a potential protective role of 
early neurohormonal modulation against cardiac rupture. (see Table 1).

Multivariate Logistic Regression Analysis of AMI Complicated with CR
Lasso regression and multivariate logistic regression. To eliminate multicollinearity and screen key predictive variables, 
Lasso regression was performed on all potential factors using 10-fold cross-validation with the lambda.1se criterion (λ = 
0.073). Six variables with non-zero coefficients were identified: admission heart rate, Killip classification, SIRI, total 
protein, primary PCI, and ACEI/ARB use within 24 hours (Figures 1 and 2).These six variables were then entered into 
a multivariate logistic regression model. The results showed that admission heart rate, Killip classification, SIRI, primary 
PCI, and ACEI/ARB use were independent factors associated with cardiac rupture (all P < 0.05), whereas total protein 
was not statistically significant (P > 0.05) and was not retained in the final model (see Table 2).Among these, admission 

Figure 1 Lasso regression coefficient paths for variable selection. Each colored line represents the coefficient trajectory of a candidate predictor as a function of the 
logarithm of the regularization parameter (Log(λ)). As λ increases (moving rightward), coefficients are shrunk toward zero,facilitating variable selection. The top axis displays 
the number of non-zero coefficients retained at each λ value.

https://doi.org/10.2147/IJGM.S598326                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 6

Gao et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



heart rate (OR = 1.050, 95% CI: 1.024–1.075, P < 0.001), Killip classification (OR = 2.092, 95% CI: 1.460–2.997, P < 
0.001), and SIRI (OR = 1.105, 95% CI: 1.022–1.196, P = 0.012) were identified as independent risk factors for cardiac 
rupture, while emergency PCI (OR = 0.239, 95% CI: 0.097–0.589, P = 0.002) and ACEI/ARB use within 24 hours (OR = 
0.173, 95% CI: 0.060–0.500, P = 0.001) were independently associated with a lower risk of cardiac rupture.

Construction and Efficacy Evaluation of the Prediction Model
Based on the five independent variables identified by multivariate logistic regression (admission heart rate, Killip classification, 
SIRI, primary PCI, and ACEI/ARB use), a nomogram prediction model for AMI complicated with CR was constructed 
(Figure 3). ROC curve analysis demonstrated good discriminative ability, with an AUC of 0.885 (95% CI: 0.835–0.936) 
(Figure 4). At the optimal cutoff value determined by the Youden index, the model achieved a sensitivity of 84.9% and 
a specificity of 76.7%. Regarding calibration, the Hosmer Lemeshow test showed no significant lack of fit (χ2 = 12.694, P = 
0.123), and the calibration plot (Figure 5) demonstrated acceptable agreement between observed outcomes and predicted 
probabilities. Decision curve analysis (Figure 6) demonstrated that the nomogram provided a higher net benefit than the “treat 

Figure 2 Lasso regression cross validation curves. The red dots represent the mean binomial deviance across cross-validation folds at each value of Log(λ). The vertical gray 
error bars indicate the standard error of the mean deviance. The vertical dashed lines mark the optimal Log(λ) values (minimum deviance and 1-standard-error rule) selected 
for final variable selection. The top axis shows the number of non-zero coefficients at each λ.

Table 2 Multivariate Logistic Regression Analysis

Variables B S.E. Wald P OR 95% CI

Lower Bound Upper Bound

Admission Heart Rate 0.048 0.012 15.165 <0.001 1.050 1.024 1.075
Killip Classification 0.738 0.183 16.206 <0.001 2.092 1.460 2.997

SIRI 0.100 0.040 6.247 0.012 1.105 1.022 1.196

Total Protein −0.041 0.031 1.766 0.184 0.960 0.904 1.019
ACEI/ARB −1.756 0.542 10.494 0.001 0.173 0.060 0.500

Primary PCI −1.432 0.461 9.657 0.002 0.239 0.097 0.589
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all” and “treat none” strategies across threshold probabilities ranging from 0.02 to 1.0, suggesting favorable clinical utility in 
identifying patients at high risk for cardiac rupture following acute myocardial infarction.

Discussion
AMI complicated by CR remains a clinically challenging and frequently fatal complication.22–24 Although the wide
spread adoption of reperfusion therapies such as PCI has reduced its incidence, mortality remains high.25 Structural 
rupture within the cardiovascular system, whether involving the myocardium or major vessels, is frequently fatal and 
often progresses too rapidly for successful intervention.26.

Among the 53 patients with cardiac rupture included in this study, 48 cases were diagnosed as free wall rupture and 5 
cases as ventricular septal perforation, while no case of papillary muscle rupture was detected.The absence of papillary 
muscle rupture in the present study may be attributed to the inherent low incidence of this lesion, limitations of clinical 
diagnosis, and the relatively small sample size. Further validation is warranted in future large-scale multicenter studies.

The pathogenesis of CR involves myocardial necrosis, inflammatory imbalance, extracellular matrix degradation, and 
ventricular remodeling.27–29 However, the lack of practical early warning tools often leads to missed intervention 
opportunities. Thus, identifying key risk factors and developing an accurate predictive model are of great clinical 
value for risk stratification and improving outcomes.30 In this study, we used Lasso regression to select core variables 
and developed a nomogram for CR based on admission heart rate, Killip classification, SIRI, primary PCI, and ACEI/ 
ARB use. The model showed good discrimination (AUC = 0.885), providing a clinically useful tool, though prospective 
multicenter validation is needed.

The role of inflammation in CR is well established, but previous studies have largely relied on single indicators such 
as neutrophil-to-lymphocyte ratio (NLR) or C-reactive protein (CRP), which incompletely capture the complex interplay 
between systemic inflammation and immune function.31,32 SIRI, which integrates neutrophil, lymphocyte, and monocyte 
counts, more comprehensively reflects inflammatory status and has been linked to major adverse cardiovascular events 
after AMI.33,34 Our study identified SIRI as an independent risk factor for CR, consistent with mechanistic insights: 
neutrophil-derived proteases degrade myocardial collagen, monocyte-mediated chronic inflammation promotes 

Figure 3 Nomogram for predicting cardiac rupture after acute myocardial infarction. The nomogram integrates clinical predictors to estimate the individual risk of cardiac 
rupture. For each variable,the corresponding point value is determined by drawing a vertical line to the top “Points” axis. The sum of all points is located on the “Total 
Points” axis, and a final vertical line to the “Risk of Cardiac rupture” axis yields the predicted probability.
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ventricular remodeling, and lymphocyte reduction impairs tissue repair.35 Together, these processes compromise the 
mechanical stability of the infarcted ventricular wall. Importantly, SIRI can be calculated from routine blood tests without 
additional cost, making it suitable for rapid use in emergency and intensive care settings.

Elevated admission heart rate and Killip class are established risk factors for CR.36–38Tachycardia increases 
myocardial oxygen consumption and wall stress, exacerbating mechanical load on the infarcted myocardium, while 
higher Killip class reflects larger infarct size and more severe ventricular dysfunction—both contributing to mechanical 
instability and increased rupture risk. Our findings are consistent with these previous observations.

Consistent with prior studies,39 primary PCI was independently associated with a lower risk of CR in our cohort. In 
the era of primary PCI, the incidence of CR has declined substantially.40,41 Mechanistically, timely reperfusion limits 
infarct size and prevents transmural necrosis, reducing ventricular wall thinning and rupture risk.42 Successful revascu
larization also mitigates adverse remodeling, reduces border zone stress, and creates a favorable microenvironment for 
wound healing. However, PCI may occasionally induce intramyocardial hemorrhage,43 nevertheless, the net clinical 
benefit in reducing CR risk is well established. These findings underscore that timely revascularization remains 
a cornerstone of CR prevention.

Our study observed that ACEI/ARB use was independently associated with a lower risk of CR, supporting the 
potential role of renin angiotensin aldosterone system (RAAS) inhibition in CR prevention.44 Mechanistically, ACEI/ 
ARB may reduce myocardial interstitial collagen degradation, attenuate ventricular remodeling, and lower ventricular 

Figure 4 Receiver operating characteristic (ROC) curve of the nomogram. The ROC curve illustrates the diagnostic performance of the nomogram for predicting cardiac 
rupture. The area under the curve (AUC) is 0.885,indicating good discriminatory ability of the model. The diagonal line represents the null hypothesis of no predictive value 
(AUC = 0.5).
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wall stress—key pathways in CR pathogenesis.45 However, several limitations should be considered. As with any 
observational study, treatment indication bias cannot be fully excluded. Moreover, detailed data on ACEI/ARB dosage 
and timing of initiation were not consistently available, precluding a more nuanced analysis. Thus, the observed 
association should be interpreted as hypothesis generating rather than causal. Prospective studies with standardized 
protocols are needed to confirm these findings.

Research on CR prediction models remains at an exploratory stage. Some studies have employed machine learning 
with high predictive performance but rely on complex analyses that are difficult to implement in routine practice. Others 
have developed simpler tools, but limitations in indicator availability or discriminative power restrict their clinical 
utility.46 Our nomogram incorporates five easily obtainable routine parameters, enabling rapid risk assessment in 
emergency or intensive care settings. The nomogram model,which exhibited an AUC of 0.885, may offer useful clinical 
insights for identifying patients at risk of cardiac rupture, although these preliminary findings require validation in 
prospective multicenter studies.

Several limitations should be acknowledged. First, this was a single center retrospective study, which limits causal 
inference and may introduce selection bias. Second, the 10 year study period may introduce temporal bias due to 
evolving clinical practices, although matching by admission period partially mitigated this. Third, data on echocardio
graphic details, door-to-needle/balloon times, and certain clinical presentations were incomplete, precluding a more 
comprehensive analysis.Fourth, the study was restricted to patients aged ≥60 years, limiting generalizability to younger 

Figure 5 Calibration curve of the nomogram. The dashed line (Ideal)represents perfect calibration (predicted probability= actual probability). The solid line (Bias-corrected) shows 
the nomogram’s calibration after bootstrapping bias correction (B= 1000repetitions). The dotted line (Apparent) shows calibration in the original training dataset. The gray shaded 
area (C.L.) denotes the 95% confidence interval of the bias-corrected curve. The mean absolute error(MAE) between predicted and actual probabilities is 0.031 (n = 212).
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populations. Fifth, the small number of CR events raises potential overfitting risk despite Lasso regression. Finally, 
external validation in prospective multicenter cohorts is needed to confirm the robustness of the nomogram.

Conclusion
In this study, increased admission heart rate, elevated Killip classification, and higher SIRI were identified as independent 
risk factors for CR after AMI, whereas primary PCI was an independent protective factor and ACEI/ARB use was 
independently associated with a lower risk of CR. A nomogram incorporating these five variables demonstrated good 
discriminative ability and may serve as a practical tool for early risk stratification in clinical practice. Given the 
retrospective, single-center design, external validation in prospective multicenter cohorts is warranted to confirm the 
generalizability of these findings.

Data Sharing Statement
All data generated during this study have been analyzed, and the results are included in this manuscript. The data 
supporting the findings of this study are available upon reasonable request from the corresponding author.

Ethics Approval and Informed Consent
This study was approved by the Ethics Committee of Tianshui First People’s Hospital (Approval ID: 2025-055; 
Amendment approved on October 28, 2025) for research involving human participants. Informed consent was waived 
by the Ethics Committee due to the retrospective nature of the study, and all patient data were anonymized to protect 
privacy, in compliance with the Declaration of Helsinki.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Figure 6 Decision curve analysis (DCA) of the nomogram. The red line represents the net benefit of the nomogram for predicting nonadherence across different high-risk 
thresholds. The gray line (“All”) assumes all patients are classified as high-risk, and the black line (“None”) assumes no patients are high-risk. The nomogram yields a higher 
net benefit than the “All” and “None”strategies across a wide range of threshold probabilities, demonstrating its clinical utility.

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S598326                                                                                                                                                                                                                                                                                                                                                                                                      11

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Funding
This work was supported by the Tianshui Science and Technology Support Program (Project No.: TS-STK-2024A-007).

Disclosure
All authors declare no conflicts of interest in this work.

References
1. Sebastian SA, Shah Y, Paul H, Arsene C. Life’s essential 8 and the risk of cardiovascular disease: a systematic review and meta-analysis. Eur J Prev 

Cardiol. 2025;32(5):358–373. doi:10.1093/eurjpc/zwae280
2. Weeldreyer NR, De Guzman JC, Paterson C, Allen JD, Gaesser GA, Angadi SS. Cardiorespiratory fitness, body mass index and mortality: 

a systematic review and meta-analysis. Br J Sports Med. 2025;59(5):339–346. doi:10.1136/bjsports-2024-108748
3. Du X, Patel A, Anderson CS, Dong J, Ma C. Epidemiology of cardiovascular disease in China and opportunities for improvement. J Am Coll 

Cardiol. 2019;73(24):3135–3147. doi:10.1016/j.jacc.2019.04.036
4. Writing Group of the 2024 Report on Cardiovascular Health and Diseases in China. Summary of the 2024 report on cardiovascular health and 

diseases in China. Chin Circul J. 2025;40(6):521–559.
5. Kanani J. Autopsy analysis of sudden deaths in adults: causes and demographics from a one-year prospective study. Curr Health Sci J. 2025;51 

(3):343–349. doi:10.12865/CHSJ.51.03.05
6. Roberts WC. Cardiac rupture during acute myocardial infarction diagnosed clinically. Coron Artery Dis. 2018;29(2):95–96. doi:10.1097/ 

MCA.0000000000000586
7. Elendu C, Amaechi DC, Elendu TC, et al. Comprehensive review of ST-segment elevation myocardial infarction: understanding pathophysiology, 

diagnostic strategies, and current treatment approaches. Medicine. 2023;102(43):e35687. doi:10.1097/MD.0000000000035687
8. Damluji AA, van Diepen S, Katz JN, et al. Mechanical complications of acute myocardial infarction: a scientific statement from the American heart 

association. Circulation. 2021;144(2):e16–e35. doi:10.1161/CIR.0000000000000985
9. Li YC, Liu SW, Zeng XY, et al. Report on disease burden of cardiovascular diseases in China and provincial-level administrative regions from 1990 

to 2016. Chin Circul J. 2019;34(8):729–740.
10. Li X, Wu C, Lu J, et al. Cardiovascular risk factors in China: a nationwide population-based cohort study. Lancet Public Health. 2020;5(12):e672– 

e681. doi:10.1016/S2468-2667(20)30191-2
11. Peet C, Ivetic A, Bromage DI, Shah AM. Cardiac monocytes and macrophages after myocardial infarction. Cardiovasc Res. 2020;116 

(6):1101–1112. doi:10.1093/cvr/cvz336
12. Ong S, Hernández-Reséndiz S, Crespo-Avilan GE, et al. Inflammation following acute myocardial infarction: multiple players, dynamic roles, and 

novel therapeutic opportunities. Pharmacol Ther. 2018;186:73–87. doi:10.1016/j.pharmthera.2018.01.001
13. Imbesi A, Greco A, Spagnolo M, et al. Targeting inflammation after acute myocardial infarction. J Am Coll Cardiol. 2025;86(15):1146–1169. 

doi:10.1016/j.jacc.2025.07.064
14. Matter MA, Paneni F, Libby P, et al. Inflammation in acute myocardial infarction: the good, the bad and the ugly. Eur Heart J. 2024;45(2):89–103. 

doi:10.1093/eurheartj/ehad486
15. Newby LK. Inflammation as a treatment target after acute myocardial infarction. N Engl J Med. 2019;381(26):2562–2563. doi:10.1056/ 

NEJMe1914378
16. Hilgendorf I, Frantz S, Frangogiannis NG. Repair of the infarcted heart: cellular effectors, molecular mechanisms and therapeutic opportunities. 

Circ Res. 2024;134(12):1718–1751. doi:10.1161/CIRCRESAHA.124.323658
17. Marchi F, Pylypiv N, Parlanti A, et al. Systemic immune-inflammation index and systemic inflammatory response index as predictors of mortality 

in ST-elevation myocardial infarction. J Clin Med. 2024;13(5):1256. doi:10.3390/jcm13051256
18. Wei X, Zhang Z, Wei J, Luo C. Association of systemic immune inflammation index and system inflammation response index with clinical risk of 

acute myocardial infarction. Front Cardiovasc Med. 2023;10:1248655. doi:10.3389/fcvm.2023.1248655
19. Song M, Zhang Q, Song C, et al. The advanced lung cancer inflammation index is the optimal inflammatory biomarker of overall survival in 

patients with lung cancer. J Cachexia Sarcopenia Muscle. 2022;13(5):2504–2514. doi:10.1002/jcsm.13032
20. Qi Q, Zhuang L, Shen Y, et al. A novel systemic inflammation response index (SIRI) for predicting the survival of patients with pancreatic cancer 

after chemotherapy. Cancer. 2016;122(14):2158–2167. doi:10.1002/cncr.30057
21. Wang Y, Chen H. A nonlinear relationship between systemic inflammation response index and short-term mortality in patients with acute 

myocardial infarction: a retrospective study from MIMIC-IV. Front Cardiovasc Med. 2023;10:1208171. doi:10.3389/fcvm.2023.1208171
22. Chapman AR, Taggart C, Boeddinghaus J, Mills NL, Fox KAA. Type 2 myocardial infarction: challenges in diagnosis and treatment. Eur Heart J. 

2025;46(6):504–517. doi:10.1093/eurheartj/ehae803
23. Kraler S, Mueller C, Libby P, Bhatt DL. Acute coronary syndromes: mechanisms, challenges, and new opportunities. Eur Heart J. 2025;46 

(29):2866–2889. doi:10.1093/eurheartj/ehaf289
24. Caffè A, Animati FM, Iannaccone G, Rinaldi R, Montone RA. Precision medicine in acute coronary syndromes. J Clin Med. 2024;13(15):4569. 

doi:10.3390/jcm13154569
25. Kleinbongard P, Heusch G. A fresh look at coronary microembolization. Nat Rev Cardiol. 2022;19(4):265–280. doi:10.1038/s41569-021-00632-2
26. Kanani J, Modi K. A rare case of sudden death due to rupture of saccular descending thoracic aortic aneurysm with dissection. Heart Views. 

2024;25(4):270–274. doi:10.4103/heartviews.heartviews_100_24
27. Koelwyn GJ, Corr EM, Erbay E, Moore KJ. Regulation of macrophage immunometabolism in atherosclerosis. Nat Immunol. 2018;19(6):526–537. 

doi:10.1038/s41590-018-0113-3
28. Humphrey JD, Tellides G. Central artery stiffness and thoracic aortopathy. Am J Physiol Heart Circ Physiol. 2019;316(1):H169–H182. doi:10.1152/ 

ajpheart.00205.2018

https://doi.org/10.2147/IJGM.S598326                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 12

Gao et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/eurjpc/zwae280
https://doi.org/10.1136/bjsports-2024-108748
https://doi.org/10.1016/j.jacc.2019.04.036
https://doi.org/10.12865/CHSJ.51.03.05
https://doi.org/10.1097/MCA.0000000000000586
https://doi.org/10.1097/MCA.0000000000000586
https://doi.org/10.1097/MD.0000000000035687
https://doi.org/10.1161/CIR.0000000000000985
https://doi.org/10.1016/S2468-2667(20)30191-2
https://doi.org/10.1093/cvr/cvz336
https://doi.org/10.1016/j.pharmthera.2018.01.001
https://doi.org/10.1016/j.jacc.2025.07.064
https://doi.org/10.1093/eurheartj/ehad486
https://doi.org/10.1056/NEJMe1914378
https://doi.org/10.1056/NEJMe1914378
https://doi.org/10.1161/CIRCRESAHA.124.323658
https://doi.org/10.3390/jcm13051256
https://doi.org/10.3389/fcvm.2023.1248655
https://doi.org/10.1002/jcsm.13032
https://doi.org/10.1002/cncr.30057
https://doi.org/10.3389/fcvm.2023.1208171
https://doi.org/10.1093/eurheartj/ehae803
https://doi.org/10.1093/eurheartj/ehaf289
https://doi.org/10.3390/jcm13154569
https://doi.org/10.1038/s41569-021-00632-2
https://doi.org/10.4103/heartviews.heartviews_100_24
https://doi.org/10.1038/s41590-018-0113-3
https://doi.org/10.1152/ajpheart.00205.2018
https://doi.org/10.1152/ajpheart.00205.2018


29. Gao X, White DA, Dart AM, Du X. Post-infarct cardiac rupture: recent insights on pathogenesis and therapeutic interventions. Pharmacol Ther. 
2012;134(2):156–179. doi:10.1016/j.pharmthera.2011.12.010

30. Ramji DP, Davies TS. Cytokines in atherosclerosis: key players in all stages of disease and promising therapeutic targets. Cytokine Growth Factor 
Rev. 2015;26(6):673–685. doi:10.1016/j.cytogfr.2015.04.003

31. Opriş EC, Suciu H, Puşcaş AI, et al. Significance of inflammation-related markers and histopathological features in mitral valve regurgitation. Rom 
J Morphol Embryol. 2025;65(4):713–722. doi:10.47162/RJME.65.4.18

32. Almagor M, Keren A, Banai S. Increased C-reactive protein level after coronary stent implantation in patients with stable coronary artery disease. 
Am Heart J. 2003;145(2):248–253. doi:10.1067/mhj.2003.16

33. Qi S, Li X, Jiang Y, et al. Analysis of risk factors and development of predictive model for acute myocardial injury in patients with acute 
exacerbation of chronic obstructive pulmonary disease. J Thorac Dis. 2025;17(4):1977–1990. doi:10.21037/jtd-2024-1992

34. Ma M, Wu K, Sun T, et al. Impacts of systemic inflammation response index on the prognosis of patients with ischemic heart failure after 
percutaneous coronary intervention. Front Immunol. 2024;15:1324890. doi:10.3389/fimmu.2024.1324890

35. Askari AT, Brennan M, Zhou X, et al. Myeloperoxidase and plasminogen activator inhibitor 1 play a central role in ventricular remodeling after 
myocardial infarction. J Exp Med. 2003;197(5):615–624. doi:10.1084/jem.20021426

36. Byeon J, Choo EH, Choi IJ, et al. Office-visit heart rate and long-term cardiovascular events in patients with acute myocardial infarction. J Clin 
Med. 2023;12(11):3734. doi:10.3390/jcm12113734

37. Armillotta M, Amicone S, Bergamaschi L, et al. Predictive value of Killip classification in MINOCA patients. Eur. J Intern Med. 2023;117:57–65.
38. Zhang L, Zeng J, Huang H, et al. Impact of chest pain center quality control indicators on mortality risk in ST-segment elevation myocardial 

infarction patients: a study based on Killip classification. Front Cardiovasc Med. 2024;10:1243436. doi:10.3389/fcvm.2023.1243436
39. Yip H-K, Wu C-J, Chang H-W, et al. Cardiac rupture complicating acute myocardial infarction in the direct percutaneous coronary intervention 

reperfusion era. Chest. 2003;124(2):565–571. doi:10.1378/chest.124.2.565
40. Yang N, Zhao W, Hao Y, et al. Incidence and risk factors for cardiac rupture after ST-segment elevation myocardial infarction in contemporary era: 

findings from the improving care for cardiovascular disease in China-Acute Coronary Syndrome project. Intern Emerg Med. 2025;20(1):77–85. 
doi:10.1007/s11739-024-03746-w

41. Honda S, Asaumi Y, Yamane T, et al. Trends in the clinical and pathological characteristics of cardiac rupture in patients with acute myocardial 
infarction over 35 years. J Am Heart Assoc. 2014;3(5):e000984. doi:10.1161/JAHA.114.000984

42. Liu JY, Wang XY. Improvement effect of percutaneous coronary intervention on ventricular remodeling in patients with coronary heart disease and 
acute myocardial infarction. Clin Med Res Prac. 2022;7(15):39–41.

43. Ganame J, Messalli G, Dymarkowski S, et al. Impact of myocardial haemorrhage on left ventricular function and remodelling in patients with 
reperfused acute myocardial infarction. Eur Heart J. 2009;30(12):1440–1449. doi:10.1093/eurheartj/ehp093

44. Wang G, Zhang R, Li X, et al. Efficacy of sacubitril/valsartan on improving clinical symptoms in patients with acute myocardial infarction 
complicated with heart failure: a retrospective study. PeerJ. 2025;13:e18873. doi:10.7717/peerj.18873

45. She J, Lou B, Liu H, et al. ARNI versus ACEI/ARB in reducing cardiovascular outcomes after myocardial infarction. ESC Heart Failure. 2021;8 
(6):4607–4616. doi:10.1002/ehf2.13644

46. Kokori E, Patel R, Olatunji G, et al. Machine learning in predicting heart failure survival: a review of current models and future prospects. Heart 
Fail Rev. 2024;30(2):431–442. doi:10.1007/s10741-024-10474-y

International Journal of General Medicine                                                                                   

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2026:19                                                                                    13

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.pharmthera.2011.12.010
https://doi.org/10.1016/j.cytogfr.2015.04.003
https://doi.org/10.47162/RJME.65.4.18
https://doi.org/10.1067/mhj.2003.16
https://doi.org/10.21037/jtd-2024-1992
https://doi.org/10.3389/fimmu.2024.1324890
https://doi.org/10.1084/jem.20021426
https://doi.org/10.3390/jcm12113734
https://doi.org/10.3389/fcvm.2023.1243436
https://doi.org/10.1378/chest.124.2.565
https://doi.org/10.1007/s11739-024-03746-w
https://doi.org/10.1161/JAHA.114.000984
https://doi.org/10.1093/eurheartj/ehp093
https://doi.org/10.7717/peerj.18873
https://doi.org/10.1002/ehf2.13644
https://doi.org/10.1007/s10741-024-10474-y
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Population
	Inclusion and Exclusion Criteria
	Inclusion Criteria
	Exclusion Criteria

	Data Collection and Processing
	Baseline Data
	Laboratory Indicators
	Comorbidities
	Treatment Measures

	Statistical Analysis

	Results
	Comparison of Key Indicators Between the Two Groups
	Multivariate Logistic Regression Analysis of AMI Complicated with CR
	Construction and Efficacy Evaluation of the Prediction Model

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure

