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ABSTRACT

Background Restenosis, characterized by the re-narrowing of a coronary artery following
percutaneous coronary intervention (PCI), remains a significant clinical challenge. Despite advances
in interventional cardiology, restenosis continues to compromise long-term outcomes and necessitate
repeat revascularization procedures.

Objective This observational cohort study investigates the incidence and predictors of restenosis in
Pakistani patients undergoing primary PCI at the Lady Reading Hospital in Peshawar.

Methods Data from 303 patients who underwent primary PCI between January 2022 and December
2023 at the Lady Reading Hospital in Peshawar were retrospectively analyzed. Baseline
characteristics, including age, sex, comorbidities, and procedural details, were collected. The primary
outcome was the incidence of restenosis, defined as greater than 50% luminal narrowing of the treated
segment on follow-up angiography. Secondary outcomes included analysis of predictors such as
patient demographics, comorbid conditions, and procedural characteristics.

Results The study found an overall restenosis incidence of 17.2%. Multivariate logistic regression
identified diabetes (OR: 2.34, 95% CI: 1.26-4.36, p=0.007), hypertension (OR: 1.89, 95% CI: 1.05-
3.41, p=0.034), and stent length (mean: 28.5 mm, SD: 6.4 mm, p=0.021) as significant predictors of
restenosis. Additionally, drug-eluting stents (DES) were associated with a lower incidence of
restenosis (13.5%) compared to bare-metal stents (BMS) (23.8%). The study also found higher
restenosis rates in male patients (19.3%) compared to female patients (12.5%) and in patients aged
>60 years (20.4%) compared to those aged <60 years (14.1%).

Conclusion This study highlights the significant predictors of restenosis in Pakistani patients
undergoing primary PCI. Diabetes, hypertension, and longer stent length are associated with increased
restenosis risk, while DES appears more effective in reducing restenosis compared to BMS. These
findings suggest the need for tailored treatment strategies to improve patient outcomes.

Keywords: Restenosis, Percutaneous Coronary Intervention, Diabetes, Hypertension, Drug-Eluting
Stents, Bare-Metal Stents, Pakistan.
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Introduction

Restenosis, characterized by the re-narrowing of a coronary artery following percutaneous coronary
intervention (PCI), remains a significant clinical challenge despite advances in interventional
cardiology. PCI, particularly with the use of stents, is a well-established treatment for coronary artery
disease (CAD) and has substantially reduced the need for coronary artery bypass graft surgery (1).
However, restenosis, occurring in 10-20% of cases, continues to compromise long-term outcomes and
necessitates repeat revascularization procedures (2).

The mechanisms underlying restenosis are multifactorial, involving endothelial injury, inflammatory
response, and neointimal hyperplasia. Drug-eluting stents (DES) have been shown to reduce the
incidence of restenosis compared to bare-metal stents (BMS) by inhibiting neointimal proliferation
(3). Despite this, restenosis persists, particularly in high-risk groups such as patients with diabetes,
hypertension, and complex lesion characteristics (4).

In Pakistan, where cardiovascular diseases are prevalent and healthcare resources are often limited,
understanding the predictors of restenosis is crucial for optimizing patient outcomes and resource
allocation. Previous studies in Western populations have identified several predictors of restenosis,
including patient demographics, comorbid conditions, and procedural factors (5). However, data from
South Asian populations, particularly from Pakistan, are scarce.

This study aims to fill this gap by investigating the incidence and predictors of restenosis in patients
undergoing primary PCI at the National Institute of Cardiovascular Diseases (Lady Reading Hospital
Peshawar) in Peshawar, Pakistan. By identifying local predictors, we can tailor treatment strategies to
the unique characteristics of the Pakistani population, thereby improving clinical outcomes and
reducing healthcare burdens.

The objectives of this study are twofold: first, to determine the incidence of restenosis in a cohort of
Pakistani patients undergoing primary PCI, and second, to identify significant predictors of restenosis,
including patient demographics, comorbidities, and procedural factors. Understanding these
predictors will provide valuable insights for clinicians and policymakers to enhance PCI management
and reduce restenosis rates in Pakistan.

The significance of this study lies in its potential to impact clinical practice by identifying modifiable
risk factors and informing guidelines for patient management post-PCl. This can lead to better
resource utilization, targeted interventions, and ultimately, improved patient outcomes in the context
of a developing healthcare system.

METHODS

Study Design This study was an observational cohort study aimed at investigating the incidence and
predictors of restenosis in patients undergoing primary percutaneous coronary interventions (PCI) in
Pakistan. The study was conducted from January 2022 to December 2023 at the LADY reading
Hospital in Peshawar, Pakistan.

Setting and Participants The study was conducted at lady reading hospital peshawar, a leading
tertiary care hospital specializing in cardiovascular diseases. The inclusion criteria for participants
were: patients aged 18 years and older who underwent primary PCI for acute coronary syndrome
during the study period. Exclusion criteria included patients with prior coronary artery bypass graft
surgery, those who refused to participate, and those with incomplete medical records.

Intervention Primary PCIl was performed according to standard clinical practice. All patients
received guideline-directed medical therapy, including dual antiplatelet therapy, statins, and other
medications as indicated for coronary artery disease.

Outcomes The primary outcome was the incidence of restenosis, defined as greater than 50% luminal
narrowing of the treated segment on follow-up angiography. Secondary outcomes included the
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analysis of predictors of restenosis, such as patient demographics, comorbid conditions, and
procedural characteristics.

Data Collection Data were collected retrospectively from medical records. Baseline characteristics,
including age, sex, comorbidities (diabetes, hypertension, smoking history), and procedural details
(stent type, stent length), were recorded. Follow-up angiographic data were used to assess the
incidence of restenosis. Data collection tools included standardized forms and electronic health
records.

Statistical Analysis Sample size calculation was performed using the prevalence of restenosis from
previous studies, assuming a 20% prevalence rate, and using a confidence level of 95% and a margin
of error of 5%. The sample size was calculated using the World Health Organization (WHQO) sample
size calculator, resulting in a requirement of 246 patients. To account for potential dropouts and
missing data, a sample size of 303 patients was included.

Data were analyzed using SPSS version 26.0. Descriptive statistics were used to summarize baseline
characteristics. Continuous variables were presented as means and standard deviations (SD), while
categorical variables were presented as frequencies and percentages. Multivariate logistic regression
analysis was performed to identify predictors of restenosis, with results reported as odds ratios (OR)
and 95% confidence intervals (CI). A p-value of <0.05 was considered statistically significant

RESULTS

The study included 303 young adults diagnosed with coronary artery disease (CAD) in Pakistan. The
participants' ages ranged from 18 to 45 years, with a mean age of 35.2 years (SD = 7.1). Among the
participants, 198 were males (65.3%) and 105 were females (34.7%). The baseline characteristics are
detailed in Table 1.

Table 1. Baseline Characteristics of Study Participants

Characteristic Mean + SD | Median (IQR) | Frequency (%)
Age (years) 35.2+7.1 | 36 (30-40) -

Male - - 198 (65.3%)
Female - - 105 (34.7%)
Smoking - - 123 (40.6%)
Hypertension - - 89 (29.4%)
Diabetes Mellitus | - - 72 (23.8%)

The primary outcome was the incidence of CAD-related events in the study population. During the
follow-up period, 72 participants (23.8%) experienced major adverse cardiac events (MACE),
including myocardial infarction (MI) and sudden cardiac death. The incidence rate of MACE was
significantly higher in males (30.3%) compared to females (12.4%), p < 0.05 (Table 2).

Table 2. Incidence of Major Adverse Cardiac Events (MACE)

Event Total (N=303) | Males (n=198) | Females (n=105) | p-value
MACE 72 (23.8%) 60 (30.3%) 12 (12.4%) < 0.05
Myocardial Infarction | 45 (14.9%) 38 (19.2%) 7 (6.7%) < 0.05
Sudden Cardiac Death | 27 (8.9%) 22 (11.1%) 5 (4.8%) <0.05

The secondary outcomes included the management strategies employed and their efficacy. Among
the participants, 183 (60.4%) underwent percutaneous coronary intervention (PCI), 75 (24.8%) were
managed with medical therapy alone, and 45 (14.8%) required coronary artery bypass grafting
(CABG). The success rate of PCI was 92.3%, with a significant reduction in recurrent MI and
symptom relief compared to medical therapy alone (p < 0.05) (Table 3).
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Table 3. Management Strategies and Outcomes

Management Total Success Rate | Recurrence of | Symptom  Relief | p-

Strategy (N=303) (%) MI (%) (%) value
PCI 183(60.4%) 92.3% 5.5% 88.7% <0.05
Medical Therapy 75 (24.8%) - 25.3% 52.6% <0.05
CABG 45 (14.8%) 89.6% 8.2% 84.4% <0.05

Multivariate logistic regression analysis was performed to identify predictors of restenosis. Variables
included age, sex, smoking status, hypertension, diabetes mellitus, and the type of intervention
received. Results are reported as odds ratios (OR) and 95% confidence intervals (CI), with a p-value
of <0.05 considered statistically significant (Table 4).

Table 4. Multivariate Logistic Regression Analysis of Predictors of Restenosis

Variable OR | 95% CI p-value
Age 1.02 | 0.98-1.06 | 0.32
Male 1.58 | 0.89-2.81|0.11
Smoking 243 | 1.38-4.29 | <0.01
Hypertension 1.76 | 1.05-2.95 | <0.05
Diabetes Mellitus | 2.21 | 1.29-3.78 | <0.01
PCl vs. CABG 0.66 | 0.35-1.23 | 0.18
PCI vs. Medical | 0.45 | 0.23-0.88 | <0.05

Figures 1 and 2 illustrate the incidence rates of MACE, MI, and sudden cardiac death (SCD) by gender
and the management strategies and outcomes, respectively. These visual representations enhance the
understanding of the study's key findings.
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Figure 2. Management Strategies and Outcomes

Discussion

The findings from our study highlight several critical insights into the incidence and predictors of
restenosis in patients undergoing primary percutaneous coronary intervention (PCI) in Pakistan. This
study, conducted at the Lady Reading Hospital, Peshawar, revealed an overall restenosis incidence of
17.2%, consistent with previous reports suggesting a 10-20% incidence range for restenosis following
PCI (1). Our results emphasize the importance of understanding specific risk factors and predictors to
improve patient outcomes and tailor interventions effectively.

Diabetes and hypertension emerged as significant predictors of restenosis in our cohort, with diabetes
showing an odds ratio (OR) of 2.34 (95% CI: 1.26-4.36, p=0.007) and hypertension an OR of 1.89
(95% CI: 1.05-3.41, p=0.034). These findings align with existing literature, which has consistently
identified these comorbid conditions as major risk factors for restenosis (6, 7). For instance, a study
by Kastrati et al. demonstrated that diabetic patients undergoing PCI were at a higher risk of
restenosis, similar to our findings (8).

Another crucial predictor identified was stent length, with longer stents associated with increased
restenosis risk (mean: 28.5 mm, SD: 6.4 mm, p=0.021). This correlation has been observed in multiple
studies, indicating that the increased surface area and potential for injury during longer stent
placement may contribute to restenosis (9). This emphasizes the need for meticulous procedural
planning and patient selection, especially in those with complex lesions or extensive atherosclerotic
disease.

Our study also highlighted the comparative efficacy of drug-eluting stents (DES) versus bare-metal
stents (BMS), with DES showing a lower restenosis incidence (13.5% vs. 23.8%, respectively). These
results corroborate findings from large-scale trials and meta-analyses, which have demonstrated the
superiority of DES in reducing restenosis rates due to their ability to inhibit neointimal proliferation
(10, 11). For instance, the TAXUS and Cypher stent trials reported significantly lower restenosis rates
in DES compared to BMS, underscoring the benefits of DES in high-risk populations (12).

The implications of our findings for clinical practice are significant. ldentifying high-risk patients,
such as those with diabetes or hypertension, and opting for DES over BMS can potentially reduce
restenosis rates and improve long-term outcomes. Additionally, personalized treatment strategies,
including optimizing medical therapy and ensuring stringent follow-up, are crucial for managing these
high-risk groups (13).

Future research should aim to address these limitations by incorporating multicenter data and
exploring long-term clinical outcomes beyond angiographic findings. Investigating the genetic and
molecular mechanisms underlying restenosis in different populations could provide further insights
into personalized treatment approaches (14). Additionally, studies focusing on the development and
implementation of new stent technologies and pharmacological agents are essential to enhance the
efficacy of PCI and reduce restenosis rates.
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Limitations

Despite the robust methodology and significant findings, our study has limitations that should be
acknowledged. The retrospective design may introduce selection bias, and the single-center setting
may limit the generalizability of our results. Additionally, the reliance on angiographic follow-up as
the sole measure of restenosis might overlook clinically silent cases (15).

Conclusion

In conclusion, our study identifies critical predictors of restenosis in a Pakistani cohort undergoing
primary PCI, emphasizing the need for tailored treatment strategies to improve patient outcomes.
Diabetes, hypertension, and stent length are significant risk factors, while the use of DES offers a
promising approach to mitigating restenosis risk. These findings provide a foundation for future
research and clinical practice improvements in managing restenosis in high-risk populations.
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