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Introduction

Abstract

Objective: While PCl achieves high procedural success rates, persistent risks such as periprocedural
thrombosis, inflammatory cascades, and myocardial hypoperfusion contribute to a bimodal pattern
of early and late complications, underscoring gaps in current risk prediction models. This research
focuses on identifying the risk factors contributing to recurrent coronary events, particularly stent
thrombosis and in-stent restenosis, in patients admitted to the cardiac emergency department.
Methods: A retrospective cohort study was conducted on 204 patients at Shahid Rajaei Hospital
to analyze their clinical records, including demographic data, cardiovascular risk factors, and
treatment history. Data collection utilized a structured checklist encompassing demographics,
cardiovascular risk factors, treatment history, procedural details, and outcomes. Statistical analyses
(PRISM version 9.0) included descriptive statistics and multivariable logistic regression to assess
predictors of outcomes.

Results: Multivariate logistic regression analysis revealed that for same-artery re-involvement, the
duration after first myocardial infarction was significantly associated with increased risk (P <0.0001,
OR=3.666). Regarding stent thrombosis, multiple factors including duration after myocardial
infarction (P<0.001), not taking Plavix (P=0.033), Ml type (P=0.001), diabetes mellitus (P=0.002),
cigarette smoking (P=0.029), and absence of family history (P=0.03) all demonstrated significant
effect. For in-stent restenosis, only the absence of diabetes (P=0.018, OR=0.432) was significantly
associated with decreased likelihood of this outcome.

Conclusion: The study also emphasizes the importance of early detection, regular follow-ups, and
effective management strategies, such as pharmacological intervention and lifestyle changes, to
reduce the risk of adverse cardiac outcomes. Additionally, it was found that a prolonged duration
since the initial myocardial infarction significantly elevates the risks of same-artery re-occlusion and
stent thrombosis.

Keywords: Percutaneous coronary intervention (PCl), Acute coronary syndrome, Heart disease risk
factors, Angioplasty

Additionally, myocardial tissue hypoperfusion persists

Primary percutaneous coronary intervention (PCI) for the
treatment of ST-segment elevation myocardial infarction
(STEMI) is superior to thrombolytic therapy (1, 2). While
procedural success rates have reached acceptable levels
(3), significant challenges persist. Despite innovations
in treatment strategies, patients with acute coronary
syndrome (ACS) still experience significantly higher
rates of coronary artery-related cardiac events, especially
during PCI and within the first 30 days, compared to those
with stable coronary artery disease (4). A recent report
estimated that up to 16% of patients experience adverse
cardiovascular events within the first year post-PCI (5).

It has also been shown that PCI induces a systemic
inflammatory response and may contribute to long-term
consequences, including the occurrence of restenosis (6).

after primary PCI in a significant proportion of patients
despite the restoration of epicardial coronary circulation.
The leading cause of this phenomenon is severe
microvascular dysfunction or loss of integrity, leading to
microvascular obstruction (7). However, the magnitude
of myocardial damage after PCI varies greatly depending
on clinical, angiographic, and pharmacotherapy
characteristics, biomarkers, and the threshold applied for
diagnosis (8).

Patients undergoing PCI are at risk of coagulation
activation, intravascular thrombosis, and subsequent
myocardial infarction (MI)(9). These periprocedural
thrombotic events may occur due to vascular wall damage
secondary to intervention or from thrombosis formation
on equipment used for PCI (10). Periprocedural events
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are associated with complications and mortality. Thus,
adjunctive pharmacology is used during PCI to prevent
thrombosis by inhibiting platelet activation and thrombin
formation (11) .

Post-PCI complications follow a bimodal timeline:
early events (<6 months) stem from procedural factors
like neointimal hyperplasia (9), whereas late events arise
de novo (9). Current prediction tools, however, remain
inadequate. Most models focus narrowly on short-term
outcomes or mortality , neglecting dynamic variables
such as inflammatory biomarkers and ECG parameters
(12-14).

Additionally, risk stratification is a valuable tool for
planning early discharge and rehabilitation after STEMI
(12). The rapid advancement of cardiac interventional
measures ensures that predicting major cardiac event
complications remains a goal for any risk classification
model. Many models have been invented to predict
adverse outcomes after PCI; currently, few of these models
have been validated in bare-metal stents, but were only
designed to predict mortality (13). Numerous research
efforts have focused on creating predictive models for
post-PCI clinical outcomes by employing traditional
statistical approaches like logistic regression and machine
learning techniques. However, these PCI prediction
models have mainly focused on in-hospital or short-term
outcomes (14).

Despite the high success rate of PCI in the management
of acute coronary syndromes, the significant incidence
of cardiac events after PCI, particularly in patients with
uncontrolled metabolic risk factors, highlights the need to
develop more accurate predictive tools and personalized
approaches. This study highlights the need to revise
current risk assessment models by identifying the key
contributions of modifiable factors (e.g., adherence to
treatment, glycemic control, and blood pressure) and
non-modifiable factors (e.g., increasing age).

Methods
This retrospective cohort study analyzed the clinical
records of 204 patients with acute coronary syndrome
(ACS) and ahistory of percutaneous coronary intervention
(PCI) with stenting admitted to the cardiac emergency
department of Shahid Rajaei Hospital between 2021 and
2022. Inclusion criteria comprised: 1) confirmed ACS
diagnosis (unstable angina or myocardial infarction) via
ECG and angiography by a cardiologist; 2) documented
history of PCI with stenting; and 3) availability of
complete angiographic reports and medication records.
Exclusion criteria included: 1) non-ACS diagnoses (e.g.,
non-cardiac chest pain); 2) incomplete medical records or
missing key data (e.g., angiographic reports); and 3) the
patient’s refusal to participate.
Datawerecollectedusingastructuredchecklistdeveloped
from clinical guidelines for ACS and PCI complications.
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Variables included demographics (age, gender, and
education), cardiovascular risk factors (hypertension,
diabetes, smoking, and hypercholesterolemia), treatment
history (antiplatelet agents and statins), procedural details
(time since prior PCI), and outcome measures (stent
thrombosis, restenosis, and involved vessel location).

Statistical analyses were performed using PRISM
software (version 9.0). Descriptive statistics summarized
categorical variables (e.g., sex and diabetes) as frequencies
and percentages. Multiple logistic regression assessed
crude associations between predictors (e.g., age and
Plavix discontinuation) and outcomes (stent thrombosis
and restenosis), reporting odds ratios (ORs), 95%
confidence intervals (Cls), and area under the receiver
operating characteristic curve values. The study protocol
was approved by Kerman University of Medical Sciences
Ethics Committee (IR.KMU.REC.1404.018), and patient
confidentiality was maintained through anonymized data
collection.

Results

Multivariable logistic regression analysis was conducted
to examine predictors of reinfarction in the same
artery. Among all variables examined, duration after
first myocardial infarction (MI) showed high statistical
significance (P<0.001), with longer duration strongly
associated with increased risk of reinfarction in the same
artery (OR=3.66; 95% CI, 2.16-6.61). Additionally, family
history approached statistical significance (P=0.054),
with an odds ratio of 5.09 (95% CI, 1.14-36.6). The model
demonstrated good discrimination ability (area under
the ROC curve=0.78; 95% CI, 0.72-0.86; P<0.001) and
relatively good explanatory power (Tjur's R*=0.256).
The Hosmer-Lemeshow test confirmed good model fit
(P=0.714). The overall classification accuracy of the model
was 71.5%, with a sensitivity of 80.7% and specificity of
61.9%. The positive predictive value was 68.9% and the
negative predictive value was 75.4%, indicating balanced
classification capability (Table 1).

Multivariable logistic regression analysis was conducted
to examine predictors of stent thrombosis. The analysis
identified several statistically significant variables.
Duration after first myocardial infarction with high
statistical significance (P<0.001) was associated with
decreased risk of stent thrombosis (OR=0.16; 95% CI,
0.06-0.35). Not taking Plavix was statistically significant
(P=0.033) and associated with increased risk of stent
thrombosis (OR=6.62; 95% CI, 1.35-46.33). MI type
(increase in its severity) also showed significant statistical
significance (P=0.033), associated with increased risk
of stent thrombosis (OR=2.06; 95% CI, 1.08-4.17).
Diabetes mellitus was significantly associated with an
increased risk of stent thrombosis (P=0.001). In contrast,
the absence of diabetes markedly reduced the likelihood
of thrombosis (OR=0.10; 95% CI, 0.02-0.33). Cigarette
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Table 1. Multivariable logistic regression analysis for predictors of same artery re-occlusion

Variable Patients Estimate (SE) 95% CI (estimate) Odds ratio 95% CI (OR) P value

Age 0.0001 (0.0383) -0.07-0.07 1.00 0.92-1.07 0.997

Duration after Ml 1.299 (0.282) 0.77-1.88 3.66 2.16-6.61 <0.001
Y 59

Plavix -0.488 (0.762) -2.01-0.99 0.61 0.13to 2.70 0.522
N 147
Unstable angina 93

Ml type Stemi 40 0.269 (0.204) -0.12-0.67 1.30 0.88-1.97 0.188
None stemi 69
Y 64

Diabetes (DM) -0.535 (0.391) -1.31-0.22 0.58 0.26-1.25 0.171
N 138
Y 158

Hypertension (Htn) 0.798 (0.688) -0.54-2.17 2.22 0.58-8.77 0.246
N 44
Y 61

Cigarette 0.032 (0.409) -0.78-0.82 1.03 0.45-2.29 0.938
N 141

EF -0.0149 (0.0238) -0.06-0.03 0.98 0.93-1.03 0.531
Y 65

Dyslipidemia -0.214 (0.391) -0.99-0.55 0.80 0.37-1.73 0.584
N 137
Y 15

Family history 1.628 (0.846) 0.13-3.60 5.09 1.14-36.62 0.054
N 187

Model performance:

AUC (95% Cl): 0.79 (0.72-0.86)

Tjur's Rz 0.26

Hosmer-Lemeshow test: P=0.71 (good fit)
Overall classification accuracy: 71.5%

smoking was statistically significant (P=0.043), and
non-smoking was associated with decreased risk of stent
thrombosis (OR=0.33; 95% CI, 0.11-0.95). Additionally,
absence of family history was statistically significant
(P=0.002) and associated with decreased risk of stent
thrombosis (OR=0.05; 95% CI, 0.01-0.28). The model
demonstrated excellent discrimination ability (area under
the ROC curve =0.920; 95% CI, 0.87-0.96; p < 0.0001) and
high explanatory power (Tjur’s R*=0.483). The Hosmer-
Lemeshow test confirmed excellent model fit (P=0.996).
The overall classification accuracy of the model was very
good (88.4%), with high specificity (96.3%) but relatively
lower sensitivity (58.3%). The positive predictive value
was 80.8% and the negative predictive value was high at
89.7% (Table 2).

Multivariable logistic regression analysis, including
demographic factors, clinical characteristics, and
cardiac risk factors, was performed. Among all variables
examined, only the absence of diabetes showed statistical
significance (P=0.018), associated with a decrease in the
likelihood of in-stent restenosis occurrence (OR=0.43;
95% CI, 0.21-0.86). Duration after first myocardial
infarction (MI) approached statistical significance
(P=0.055), with longer duration associated with increased
risk of restenosis (OR=1.60; 95% CI, 1.01-2.65). The
model demonstrated moderate discrimination ability
(area under the ROC curve=0.672; 95% CI, 0.59-0.75;
P=0.000) but relatively low overall explanatory power

(Tjur’s R*=0.088). The Hosmer-Lemeshow test indicated
adequate model fit (P=0.161). The overall classification
accuracy of the model was 64.5%, with a sensitivity of
33.9% and specificity of 83.2% (Table 3).

The study’s findings revealed several significant
associations. For same-artery reinfarction, a longer
duration after the first myocardial infarction (MI) was
strongly associated with increased risk, and family history
approached significance. For stent thrombosis, significant
predictors included shorter duration after first MI, not
taking Plavix, more severe MI type, diabetes, smoking,
and absence of family history. For in-stent restenosis,
only the absence of diabetes was significant, and duration
after MI approached significance. The models showed
varying discrimination abilities, and stent thrombosis had
the highest predictive accuracy, followed by same-artery
reinfarction and in-stent restenosis.

Discussion

The study’s findings revealed significant
associations: For same-artery reinfarction, a longer
duration after the first myocardial infarction (MI) was
strongly associated with increased risk, and family
history approached significance. For stent thrombosis,
the significant predictors included shorter duration after
tirst MI, not taking Plavix, more severe MI type, diabetes,
smoking, and the absence of family history. For in-stent
restenosis, only the absence of diabetes was significant,

several
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Table 2. Multivariable Logistic Regression Analysis for Predictors of Stent Thrombosis

Variable Patients Estimate (SE) 95% ClI for B OR estimate 95% CI for OR P value
Age -0.0144 (0.0460) -0.10-0.076 0.98 0.89-1.08 0.75
Duration after Ml -1.784 (0.418) -2.70—1.04 0.16 0.06-0.35 <0.001
Y 59
Plavix 1.891 (0.884) 0.30-3.83 6.62 1.35-46.3 0.033
N 147
Unstable angina 93
MI type Stemi 40 0.725 (0.340) 0.08-1.42 2.06 1.08-4.17 0.033
None stemi 69
Y 64
Diabetes mellitus -2.283 (0.647) -3.67—1.09 0.10 0.02-0.33 <0.001
N 138
Y 158
Hypertension 0.503 (0.889) -1.23t0 2.29 1.65 0.29-9.91 0.572
N 44
Y 61
Cigarette smoking -1.109 (0.549) -2.22—0.05 0.33 0.11-0.95 0.043
N 141
Ejection Fraction -0.0109 (0.0364) -0.08-0.05 0.98 0.92-1.06 0.765
Y 65
Dyslipidemia -0.0446 (0.619) -1.27-1.18 0.95 0.28-3.27 0.943
N 137
Y 15
Family history of CAD -2.990 (0.942) -5.03—-1.27 0.05 0.01-0.28 0.002
N 187
Model performance:
AUC (95% Cl): 0.92 (0.88-0.96)
Tjur's R%: 0.483
Hosmer-Lemeshow test: P=0.996 (good fit)
Overall classification accuracy: 88.4%
Table 3. Results of Multivariable Logistic Regression for Predicting In-Stent Restenosis
Variable Patients Estimate (SE) 95% ClI for B OR (odds ratio) 95% CI for OR P value
Age 0.0080 (0.0358) -0.062-0.08 1.00 0.94-1.08 0.823
Duration after Ml 0.4735 (0.2465) 0.01-0.97 1.60 1.01-2.65 0.054
Y 59
Plavix -0.3024 (0.7181) -1.72-1.10 0.73 0.17-3.01 0.673
N 147
Unstable angina 93
MI Type Stemi 40 0.0890 (0.1883) -0.28-0.46 1.09 0.75-1.58 0.636
None stemi 69
64
Diabetes mellitus (DM) -0.8393 (0.3548) -1.54—-0.14 0.43 0.21-0.86 0.018
N 138
Y 158
Hypertension (HTN) 0.3754 (0.6321) -0.86-1.62 1.45 0.42-5.08 0.552
N 44
Y 61
Cigarette smoking -0.0366 (0.3810) -0.78-0.71 0.96 0.45-2.04 0.923
N 141
Ejection fraction (EF) -0.0094 (0.0227) -0.05-0.03 0.99 0.94-1.03 0.678
Y 65
Dyslipidemia 0.1959 (0.3691) -0.51t0 0.93 1.21 0.59-2.54 0.595
N 137
Y 15
Family history 1.073 (0.8123) -0.35-2.9 2.92 0.7-19.97 0.186
N 187

Model performance:

AUC (95% ClI): 0.67 (0.59-0.75)

Tjur’'s R2: 0.088

Hosmer-Lemeshow test: P=0.16 (good fit)
Overall classification accuracy: 64.5%

114 Journal of Emergency Practice and Trauma. 2024;10(2)



Firouz et al

and duration after MI approached significance. The
models showed varying discrimination abilities, and stent
thrombosis had the highest predictive accuracy, followed
by same-artery reinfarction and in-stent restenosis.

The duration after the first myocardial infarction (MI)
was the strongest predictor of same-artery re-involvement
(P<0.0001). This aligns with previous studies linking
increased risk of recurrent ischemic events to time
elapsed post-MI (15-17). A notable proportion of patients
exhibited vascular complications, with 12% showing
progression in previously stenosed vessels and 10%
developing new vessel stenoses, both contributing to early
recurrent myocardial infarction (18). This association may
be due to progressive atherosclerosis at the prior injury
site, gradual decline in antiplatelet therapy efticacy, or
patient-related factors (e.g., poor adherence to treatment).
Family history, though marginally significant (P =0.054),
showed a high odds ratio, suggesting a potential role of
shared genetic or environmental factors.

The two main reasons for treatment failure with stents
are stent thrombosis (ST) and in-stent restenosis (ISR)
(19). In our study, duration after first MI was inversely
associated with stent thrombosis risk (P<0.001),
contrasting with the findings for same-artery re-
involvement. However, a previous study highlighted that
the risk of stent thrombosis during long-term follow-up
was increased significantly (20). This discrepancy may
arise from variations in study populations, stent types, or
differences in adjunct antithrombotic therapy regimens.
Also, Plavix has been identified as a crucial risk-reducing
agent (21). We observed that patients who did not take
Plavix in the first six months after PCI were associated
with an increased risk of thrombosis, which was
statistically significant. Bastiaan Zwart, in a multicenter
study of a large population, reported that discontinuing
Plavix in the first six months after PCI increases the risk
of stent thrombosis (22). Diabetes (P=0.002) and MI
type (P=0.001) emerged as strong risk factors, consistent
with prior evidence on hyperglycemia (23) and systemic
inflammation in thrombogenesis (24). Notably, no
smoking was linked to reduced stent thrombosis risk
(P=0.951). The studies show that smoking creates a
prothrombotic (clotting) environment by inducing
systemic  inflammation, platelet activation, and
endothelial dysfunction, which significantly increases the
risk of stent thrombosis (25, 26). Chen et al. demonstrated
that patients who quit smoking before or after PCI are
associated with a lower risk of mortality, and a reduction
in mortality was also found in persistent smokers who
attempted to decrease their cigarette consumption
(27). Clinically, these findings support tighter glycemic
control, personalized anti-inflammatory strategies, and
antithrombotic agents in high-risk groups.

Absence of diabetes was identified as a protective factor
against in-stent restenosis (P=0.018), likely due to the

detrimental effects of hyperglycemia on vascular smooth
muscle cell proliferation(28, 29). This aligns with studies
attributing restenosis to chronic inflaimmation and
neointimal hyperplasia (30, 31). Another study revealed
that diabetic patients exhibited an in-stent restenosis
(ISR) incidence rate of up to 20% following drug-eluting
stent (DES) implantation (32). The time course of the
first MI showed a trend toward an increase in in-stent
restenosis risk (P=0.055). However, the model’s weaker
performance shows that unmeasured factors may have
played significant roles. Several studies have shown that
the greatest reduction in lumen diameter in stents occurs
within the first 6-8 months after stenting (31, 33).

The findings of this study have important practical
implications for clinical care and health policy. It is
essential to design structured protocols for high-risk
patients (e.g., elderly or diabetic) to have monthly visits
in the first 6 months after PCI and to measure HbAlc
regularly. It is also recommended to develop educational
programs to educate patients about the importance of
taking medications, quitting smoking, and eating a healthy
diet, especially in underserved areas. Incorporating
biomarkers (e.g., CRP or polymorphisms) into clinical
decision-making can help personalize antiplatelet
therapy. Finally, health policymakers should prioritize
insurance coverage of highly effective antiplatelet drugs
and lifestyle counseling sessions. These strategies will not
only bridge the gap between research and clinical practice
but also reduce the burden of cardiovascular disease in
vulnerable populations.

This study has several limitations. Due to the
retrospective nature of this study, some factors
(incomplete records of medication adherence and lifestyle
factors were not taken into account. The modest sample
size (N'=204) restricts statistical power for detecting rare
outcomes and subgroup analyses. Furthermore, we did
not account for genetic predispositions or inflammatory
biomarkers, which may influence post-PCI outcomes.
Future prospective multicenter studies with larger cohorts,
extended surveillance, molecular data, and biomarker
integration are warranted to address these gaps.

Conclusion

In summary, this study identifies key predictors of
adverse coronary events post-PCIL. Prolonged duration
since initial myocardial infarction significantly elevates
risks of same-artery re-occlusion and stent thrombosis,
while diabetes markedly increases susceptibility to stent
thrombosis and in-stent restenosis. Critically, non-
adherence to Pelavix therapy was associated with a rise
in recurrent events. These findings underscore the
imperative for stringent glycemic control, unwavering
antiplatelet regimen compliance, and individualized risk
stratification incorporating both modifiable (e.g., diabetes
management and smoking cessation) and non-modifiable
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factors. Structured follow-up protocols, prioritizing early
symptom vigilance, routine biomarker monitoring, and
patient education, are essential to mitigate recurrent
events. Future research should validate these predictors in
prospective cohorts and explore molecular mechanisms
underlying observed associations.
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