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Abstract

Objectives: Chronic coronary syndrome (CCS) is a major cause of morbidity and mortality. Despite advances in
percutaneous coronary intervention (PCl), patients remain at risk for PCl-related myocardial injury (PMI). The best
pharmacological strategy to reduce PMI in high-risk patients s still unclear.

This study evaluates the cardio-protective role of ranolazine in reducing PMI in CCS patients, focusing on cardiac
troponin| (cTnl) levels.

Methods: A prospective observational study enrolled 72 CCS patients undergoing PCl, divided into two groups: standard
care (Group |, n=36) and ranolazine (Group Il, n=36). Serum cTnl levels were measured at baseline and 24 hours post-PCl
using chemiluminescentimmunoassay. The primary endpoint was post-PCl cTnl comparison, with secondaryendpoints
including delta change in cTnl levels, cTnl elevation above the upper reference limit (URL), and correlation between
procedure time and post-PCl cTnl levels.

Results: The ranolazine group showed a significant reduction in post-PCl cTnl levels compared to the standard care
group (0.1925 (0.33) vs. 0.4517 (0.66) ng/mL, p=0.004). The delta change in cTnl was also lower in the ranolazine group
(0.1531 (0.33) vs. 0.4128 (0.66) ng/mL, p=0.005). Fewer patients in the ranolazine Group had cTnl levels above the URL
(9 vs. 19, p=0.029) as compared to standard care group. A significant positive correlation between procedure time and
cTnl levels was found in the standard care group butnot in the ranolazine group.

Conclusion: Ranolazine reduced PCl-related myocardial injury, suggesting its potential as an adjunct therapy for CCS
patients. Furtherresearchis needed to confirmits clinical efficacy and long-term benefits.
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(Heart Vessels Transplant 2025; 9: doi: 10.24969/hvt.2025.566)

Introduction

Chronic coronary syndrome (CCS) is a major cause of
morbidity and mortality due to progressive coronary
artery disease (CAD) and persistent ischemia. Despite
advances in medical therapy and percutaneous
coronary intervention (PCl), patients remain at high risk

for recurrent ischemia, myocardial infarction, and heart
failure. While PCI restores blood flow, it also poses a
risk of PCl-related myocardial injury (PMI) due to
ischemia-reperfusioninjury, microvascular dysfunction,
and endothelial damage, which can lead to long-term
myocardial dysfunction (1, 2).
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Elevated cardiac troponin | (cTnl) is a key biomarker for
diagnosing PMI. According to the Fourth Universal
Definition of Myocardial Infarction (3), PMl is defined by
acTnlincrease >1x URL in patients with normal baseline
levels. Higher cTnl levels are associated with worse PCI
outcomes, including increased risk of cardiovascular
events and heart failure. The ESC Working Group and
EAPCI provide guidance on managing periprocedural
myocardial injury and type 4a myocardial infarction (MI)
in CCS patients undergoing PCI.

doi: 10.24969/hvt.2025.566

Minor myocardial injury (cTnl >1x and <5x URL) is
common but notlinked to majoradverse cardiac events
(MACE). Major injury (>5x URL without ischemic
evidence) occurs in <20% and raises 1-year mortality
risk, while type 4a Ml (>5x URL with ischemic evidence)
increases MACE risk at 30 days and 1 year. Mechanisms
include side-branch occlusion, embolization, and
endothelial dysfunction, with risk factors such as age,
comorbidities, lesion complexity, and procedural
factors.
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These findings underscore the importance of preventing
PMI to improve outcomes, especially in high-risk CCS
patients undergoing PCI(1, 2, 4).

Ranolazine hydrochloride, approved by the FDA in
January 2006 for treating chronic stable angina, is an
anti-anginal agent. Beyond angina relief, it offers
benefits in managing arrhythmias, particularly atrial
fibrillation, as well as diastolic dysfunction, pulmonary
hypertension, chemotherapy-induced cardiotoxicity,
and diabetes (5, 6). Ranolazine is a piperazine derivative
typically dosed at 500-1000 mg twice daily. Its plasma
levels peak 2-5 hours after oral administration, with a
2-hour elimination half-life. The drug is metabolized in
the liver and excreted through the kidneys (7).
Ranolazine works by blocking late sodium channels
(INa), reducing calcium buildup, decreasing left
ventricular wall tension, improving coronary blood flow,
and providing angina relief (8). Additionally, it stabilizes
myocardial cell membranes and inhibits the Ilate
rectifier potassium current, contributing to its anti-
arrhythmic effects. In diabetes, it is thought to block
sodium channels in pancreaticislet alpha cells, reducing
glucagon release and preserving beta-cell function (5, 9,
10).

The 2024 ESC Guidelines for the Diagnosis and
Treatment of CCS and the 2023 ACC/AHA guidelines for
the management of patients with chronic CAD
recommend ranolazine as a second-line therapy for
stable CAD patients with persistent angina despite
optimal medical therapy, including beta-blockers and
calcium channelblockers (11-13).

The ideal pharmacotherapy to reduce future cardiac
eventsin patients with post-PCl majorinjuryand type 4
MI remains unclear (14). Ranolazine may reduce
myocardial injury during PCI. It blocks the late sodium
current in heart cells. This action lowers calcium
overload and improves the heart's oxygen balance. It
does not change heart rate or blood pressure. It suits
patients who cannot take other anti-anginal drugs (15,
16).

This study aims to explore the cardio-protective role of
ranolazine during PCl in CCS patients, focusing on its
effect on reducing PCl-related myocardial injury, as
measured by cTnl levels. The goal is to optimize PCI
outcomes and provide further insights into therapeutic
strategies for CCS patients.

Methods

Study design and population

This was a prospective observational study conducted at
a single center within the cardiology division of the
Department of Internal Medicine, South Valley
University Hospital, Qena, Egypt during the study
period from 1t of May, 2024 to 30" of January, 2025.
Seventy-two patients with CCS and Class | indications for
PCl, due to persistent symptoms or a positive stress test,
were enrolled. This study was conducted in accordance
with the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.
Patient selection

In our study, 100 patients were initially assessed for
eligibility. Of these, 28 patients were excluded due to
the following reasons: elevated baseline cTnl levels (n =
10), acute coronary syndrome (n = 8), advanced renal
impairment (n = 10). The remaining 72 patients were
included and predefined into two groups:

o Group | (Standard care group): 36
patients receiving conventional PCl treatment without
any additional medication.

. Group Il (Ranolazine group): 36 patients
receiving ranolazine as an adjunct to standard PCI
therapy.

Inclusion criteria: The study included adult patients
(aged 18-80) with CCS, as defined by the 2024 European
Society of Cardiology (ESC) guidelines (13), and Class |
indications for PCl due to persistent symptoms or a
positive stress test. Eligible patients had documented
CAD with significant stenosis (270% luminal narrowing
in one or more coronary arteries), and were scheduled
forelective PCI.

Exclusion criteria: Patients with acute coronary
syndromes within 3 months, elevated baseline cardiac
enzymes, prolonged QT interval, use of QT-prolonging or
CYP3A4-inhibiting drugs, left ventricular ejection
fraction (LVEF) <40%, advanced renalimpairment (eGFR
<60 mL/min/1.73 m?), elevated liver enzymes, chronic
liver or muscle disease, prior ranolazine use,
hypersensitivity to ranolazine, pregnancy, breastfeeding,
or participation in other interventional studies were
excluded.
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Ethical considerations: The study protocolwas approved
by the Faculty of Medicine, South Valley University
Ethics Committee on Research Involving Humans
(Ethical approval code: SVU-MED-MBCQ04-4-24-12-
1024), approval date was April,2024. The study adhered
to the ethical guidelines of the 1975 Declaration of
Helsinki, and all participants provided written informed
consent prior to enrollment.
Baseline Variables
We collected demographic (age, sex), anthropometric
(body mass index (BMI)), and clinical risk factors
(diabetes, hypertension, smoking, dyslipidemia) for all
patients. Clinical variables included LVEF and serum
creatinine. Coronary angiography variables
encompassed the extent of coronary artery disease
(CAD), defined as the number of vessels with >70%
stenosis, target vessel (left anterior descending (LAD),
left circumflex (LCX), right coronary artery (RCA)),
presence of chronic total occlusion (CTO) lesions, and
multivesselintervention. Thesevariables were recorded
to characterize the study population and ensure
comparability between groups.
Intervention and Procedures
Group | (Standard care group) received standard of care
for PClI without ranolazine, which includes antiplatelet
therapy (aspirin and P2Y12 inhibitors), other CCS
therapy (statins and beta blockers or CCB), renin-
angiotensin-aldosterone system (RAAS) inhibitors (e.g.,
angiotentsin-converting enzyme inhibitors (ACEl) or
angiotensin receptor blockers (ARBs)) in eligible patients
and standard peri-procedural medications (heparin and
nitrates).
Group Il (Ranolazine group) received ranolazine (750 mg
twice daily) in addition to standard PCl treatment.
Ranolazine was administered orally, starting 7 days prior
to the PCl procedure and continued for 48 hours post-
PCl. Patients instructed to report any adverse events,
including those related to ranolazine administration
(e.g., dizziness, nausea, arrhythmias).

Percutaneous coronary intervention
The PCI procedure followed standard practices, with
operators selecting the appropriate coronary access and
stenting strategy based on the patient's clinical
condition and coronary anatomy according to the 2018
ESC/EACTS guidelines on myocardial revascularization
(17). Procedural success was achieved with TIMI grade 3
flow in the target vessel, no significant side branch
occlusion, no major electrocardiographic changes, and
no periprocedural complications, including

hemodynamic instability or acute MI. The procedural
details were recorded and after the intervention, all
hemostatic measures were taken for the patient’s
safety.

Serum cardiactroponinl| assay

Serum cTnl levels were measured at baseline pre-PCl
and 24 hours post-PCl. After withdrawal of 5 mL of
venous blood from each participant into serum gel
separator tubes, samples were immediately stored at
room temperature (18-25°C) for a maximum of 30
minutes prior to centrifugation. Blood samples were
centrifuged at 3500 rpm for 15 minutes to separate the
serum. The separated serum was promptly aliquoted
and stored at —80°C until analysis to ensure biomarker
stability and minimize degradation. CTnl was analyzed
using the Chemiluminescent Microparticle
Immunoassay (CMIA) on the Architect i2000 platform
(Abbott Diagnostics, USA). The assay has a dynamic
range of 0.01-50 ng/mL. All assays were performed in
accordance with the manufacturer’s guidelines,
including the use of quality control samples to validate
assay accuracy and reproducibility. These procedures
were implemented to ensure the reliability and
reproducibility of the biomarker dataacross all samples.
The upperreference limit (URL) for cTnl was (0.1 ng/ml)
as in our previously published work (18, 19).

Endpoints

The primary endpoint of the study was the cTnl level at
24 hours post-PCl, which serves as a biomarker for
myocardialinjury. Secondary endpointsincluded:

1. Delta change in cTnl levels (difference between pre-
PCland post-PCl levels).

2. CTnl elevation above the URL.

3. Correlation between procedure time and post-PCl
cTnl levels.

Samplesize

The study enrolled 72 patients (36 per group), selected
based on an estimated effect size of ranolazine in
reducing post-PCl cTnl levels, with a significance level of
0.05 and 80% power (Cohen’s d = 0.67) which was
considered clinically meaningful, consistent with prior
studies investigating cardioprotective interventions.
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Of 100 patients initially screened, 28 were excluded
due to elevated baseline cTnl (n = 10), acute coronary
syndrome (n = 8), or advanced renal disease (n = 10).
The final 72 patients completed the study protocol
without dropouts.

Statistical analysis

Statistical analysis was performed using GraphPad InStat
3.10 software (GraphPad Software, San Diego, CA, USA).
The Shapiro-Wilk and Kolmogorov-Smirnov (KS) test
were used to quantitatively test the normality of the
data after it had been visually evaluated using
histograms and a common Q-Q plot. Continuous
variables are expressed as mean (standard deviation,
SD). Descriptive statistics will be used to summarize
patient demographics and baseline characteristics
(mean (SD) for continuous variables, frequency and
percentage for categorical variables). The primary
analysis assessed the change in cTnl levels from baseline
to 24 hours post-PCl between the ranolazine and the
standard care groups using an independent t-test or
Mann-Whitney U test depending on the normality of

data. The difference between values beforeand afteran
intervention is known as the delta change (A). Pearson
or Spearman correlation coefficient was used to assess
the relationship between procedure time and post-PCl
cTnl levelsin both groups depending on the normality of
data. Multiple regression analysis was performed to
examine the relationship between post-PCl cTnl delta
change and key procedural and clinical variables,
including the number of stents, procedure time, age,
and LVEF. The model assessed the combined effect of
these variables on cTnl changes. A p-value of <0.05 was
considered statistically significant and highly significant
atp < 0.01.

Results

Patient demographic, clinical and procedural
characteristics

The baseline demographic, clinical and procedural
characteristics of the ranolazine and control groups are
summarizedin Tables 1 and 2.

Table 1. Continuous clinical and procedural variablesin the standard care and ranolazine groups

Variables Standard care Ranolazine Test statistic value P
(n=36) (n=36) (torU)

Age, years 60.44 (7.79) 57.78 (7.58) t=1.472 0.15
BMI, kg/m? 27.08 (2.56) 27.31 ( 2.31) t=0.385 0.70
LVEF, % 54.9 (6.44) 55.8 (7.79) t=0.527 0.59
Serum creatinine, mg/di 1.04 (0.22) 1.08 (0.24) t=0.760 0.45
Procedure time, minutes 45,53 (22.54) 41.89 (24.19) U =510 0.12
Mean stents per patient, n 1.75 (0.77) 1.67 (0.79) U =603 0.62
Predilations performed, n 2.4 (2.0 2.7 (2.8) t=0.48 0.63
Contrast, ml 258.33 (43.92) 241.67 (59.16) t=1.20 0.23
Radiation dose, mgy 4072.4 (1105) 4055.7 (1751) t=0.05 0.96
Baseline cTnl, ng/ml 0.0388 (0.009) 0.0394 (0.010) U =632 0.86
cTnl 24hr Post PCI, ng/ml 0.4517 (0.6618) 0.1925 (0.3305) U =389 0.004*
cTnl delta change post PCI 0.4128 (0.6644) 0.1531 (0.3332) U =39 0.005*

Continuous datarepresented as mean (SD). *Significant p value is < 0.05
Independentt-test (t) or Mann-Whitney U test (U) depending on the normality of data

BMI - body mass index, cTnl - cardiac troponin |, LVEF - left ventricular ejection fraction, n — number, % - percentage, PCl-
percutaneous coronary intervention, SD - standard deviation

0.64), smoking (p = 0.47), dyslipidemia (p = 1.00), LVEF (p=
0.59), and serum creatinine (p = 0.45).

Statistical analysis showed no significant differences
between the two groupsintermsof age (p=0.15), sex(p =
0.34 ), BMI(p=0.70), diabetes (p=0.63), hypertension (p =
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Table 2. Categorical clinical and procedural variablesin the standard care and ranolazine groups
Variables Standard Care | Ranolazine p
(N=36) (N=36)
Male, n (%) 18 (50) 23 (64)
Sex Female, n (%) 18 (50) 13 (36) 0.34
Diabetes mellitus, n (%) 16 (44) 13 (36) 0.63
Hypertension, n (%) 17 (47) 20 (56) 0.64
Smoking, n (%) 12 (33) 16 (44) 0.47
Dyslipidemia, n (%) 20 (56) 19 (52) 1.00
Previous PCI, n (%) 10 (28) 6 (17) 0.74
Previous MI, n (%) 8(22) 11 (30) 0.59
LAD, n (%) 28 (77) 24 (66) 0.43
Target vessel LCX, n (%) 7 (19) 15 (41) 0.07
RCA, n (%) 12 (33) 13 (36) 1.00
CTO Lesions, n (%) 6 (16) 4 (11) 0.73
Multivessel intervention, n (%) 13 (36) 14 (38) 1.00
DES implantation, n (%) 35 (97) 35 (97) 1.0000
DCB only, n (%) 1(3) 1(3) 1.00
Post dilation performed, n (%) 17 (47) 14 (39) 0.64
cTnl any elevation>URL, n (%) 19 (52) 9 (25) 0.029*
c Aspirin 36 (100) 36 (100) 1.00
P2Y12 inhibitors 36 (100) 36 (100) 1.00
o_ E Statins 34 (94.4) 33(91.7) | 0.87
.f§ S € Beta-blockers 30 (83.3) 29 (80.6) 0.76
§ o g 3 Calcium channel blockers 10 (27.8) 11 (30.6) 0.80
hEEZ RAAS inhibitors 22 (61.1) 20 (55.6) | 0.64
Data are presented as number(n) and percentage (%).
*Significant p- value is < 0.05.
Fisher'sexact test was used for all categorical reference limit variables
cTnl - cardiac troponin|, CTO - chronic total occlusion, DCB — drug-coated balloon, DES —drug-eluting stent,
LAD - left anterior descending coronary artery, LCX - left circumflex coronary artery, Ml - myocardial
infarction, n - number, %, percentage, PCl- percutaneous coronary intervention, RAAS —renin-angiotensin
—aldosterone system, RCA, - right coronary artery, URL - upperreference level

There were nosignificant differences between the two
groups in procedural variables such as procedure time
(p = 0.12), contrast usage (p = 0.23), radiation dose (p =
0.96), the mean stents per patient (p = 0.62), target
vessel revascularization (p > 0.05), CTO lesions (p =
0.73), multivessel intervention (p = 1.00), predilations
and postdilations performed (p = 0.6).

Baseline medication use, including aspirin, P2Y12
inhibitors, statins, beta-blockers, calcium channel
blockers, and RAAS inhibitors, was comparable between
both groups (p = 0.87 for statins, p > 0.05 for others).
No adverse events were reported in both groups. This
indicates that the two groups were well-matched at
baseline.

Cardiactroponin | (cTnl) levels

Baseline mean cTnl levels were comparable between
the ranolazine and control groups (0.0394 (0.010)
ng/mL vs. 0.0388 (0.009), p = 0.86). There was a
statistically significant difference inthe 24-hour post-PCl
cTnl levels betweenthe two groups asshownin Table 1
and Figure 1. The Standard Care Group had a mean cTnl
level of 0.4517 (0.6618) ng/mL, while the ranolazine
group had a significantly lower mean level of 0.1925
(0.330) ng/mL (p = 0.004). These findings indicate a
reduced myocardial injury in the Ranolazine group,
highlighting its potential cardioprotective effect.
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Figure 1. Cardiac troponin | (cTnl) level 24 hours post PCl. There was a significant difference in 24-hour post-PCl cTnl
levels between the two groups (p=0.004), suggesting reduced myocardial injury and a potential cardioprotective effect

of Ranolazine.
PCI - percutaneous coronary intervention

The observed reductionin post-PCl cTnl levels appeared
to be independent of procedural or clinical factors,
further supporting the cardioprotective role of
ranolazine.

The delta change in cTnl levels (difference between
baseline and 24-hour post-PCl values) also
demonstrated a statistically significant difference
between the groups. The standard care group had a
mean delta change of 0.4128 (0.6644) ng/mL, whereas
the ranolazine group had a significantly smaller change
of 0.1531 (0.3332) ng/mL (p = 0.005), (Table.1). This
further reinforces the cardioprotective potential of
ranolazine, as it resultsin a smaller increase in cTnl post-
PCI.

The incidence of cTnl elevation above the URL post-PClI
was significantly lower in the ranolazine group
compared to the standard care group. In the standard
care group, 19 patients had a cTnl level above the URL,

while only 9 patients in the ranolazine group exceeded
the threshold (p = 0.029), (Table.2). This suggests that
ranolazine may play a role in reducing the extent of
myocardialinjury after PCI.

Correlation between procedure time and Post-PCl cTnl
levels

A significant positive correlation was observed between
procedure time and post-PCl cTnl levelsin the standard
care group (correlation coefficient = 0.0174). However,
in the ranolazine group, the correlation was non-
significant (correlation coefficient = 0.4643). This finding
denotes that, despite longer procedure times,
ranolazine may provide cardioprotection, alleviating the
expected increase in myocardial injury associated with
prolonged PCl procedures as shown in (Fig. 2).
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Figure 2. Correlation between procedure time (minutes)and post-PCl cTnl Levels (ng/ml).
(A) A significant positive correlation between procedure time and post-PCl cTnl levels in the standard care control
group (correlation coefficient = 0.0174). (B) No significant correlation in the ranolazine group (p = 0.46), suggesting
that ranolazine may reduce the impact of prolonged procedure time on myocardial injury.

Spearman correlation analysis
PCI - percutaneous coronary intervention

Determinants of myocardial injury post-PCI

Multiple regression analysis examined the relationship
between post-PCl cTnl deltachange and key procedural
and clinical variables, including the number of stents,
procedure time, age, and LVEF. The model was
statistically significant (p = 0.0063) with an R? of 19.0%,
indicating that these variables together explained 19%
of the variance in cTnl changes. However, procedure
time was the only significant predictor (f = 0.0116, 95%

Cl: 0.0036 to 0.0197, p = 0.005), showing a direct
association with increased cTnl levels. The number of
stents (p = 0.58), age (p = 0.71), and LVEF (p = 0.89) did
not significantly contribute tothe model. These findings
suggest that longer procedure durations, rather than
stent burden or baseline cardiac function, play a more
prominent role in determining myocardial injury post-
PCl (Table 3).

Table 3. Multiple Linear Regression predicting Post-PCl cTnl Delta

Variable Coefficient(B) Standard 95%  Confidence | p
Error Interval

Intercept 0.1233 0.6533 -1.182 to 1.428 0.85

Number of Stents -0.0670 0.1193 -0.3053 t0 0.1713 0.58

Procedure Time 0.0116 0.0040 0.0036 to 0.0197 0.005*

Age -0.0029 0.0077 -0.0183 to 0.0126 0.71

LVEF -0.0011 0.0086 -0.0183 to 0.0161 0.89

*Significant p value is < 0.05.
cTnl, cardiac troponin I,  LVEF -
percutaneous coronary intervention

Model Summary:R* = 0.190 Adjusted R? = 0.1416 F(4,67) = 3.928 P = 0.0063 n = 72.

left ventricular ejection fraction, n- number, PCI -
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Discussion

This study assessed ranolazine's cardio-protective effect
in CCS patients undergoing PCI. Ranolazine lowered cTnl
levels after the procedure. The change in cTnl and the
count of patients with levels above the URL were lower
with ranolazine. The study shows that ranolazine
reduces heartinjury during PCI.

Elevated cTnl levels are a well-established marker of
myocardial injury, often used to estimate the extent of
ischemia and damage following PCl. Previous studies
have indicated that myocardialinjury during PCl, evenin
the absence of clinical symptoms of infarction, can be
associated with poor long-term outcomes, including
heart failure and arrhythmias (20-23). In this context,
our findings support the potential role of ranolazine in
reducing myocardial injury, consistent with prior
research. In a randomized trial by Pelliccia et al.,
ranolazine (1,000 mg twice daily for 7 days) reduced
myocardial injury in 70 stable angina patients
undergoing elective PCI. The ranolazine group showed
lower myocardial infarction rates (6% vs. 22%, p=0.041)
and significantly lower postprocedural creatine kinase
MB and cTnl levels (both p<0.05), with no significant
adverse effects. This supports ranolazine's potential to
alleviate ischemia and myocardial injury during PCI (24).
Our study found a drop in cTnl levels with ranolazine.
This suggests that it protects heart cells by reducing
ischemic injury or its metabolic effects. Ranolazine
lowers intracellular calcium overload during ischemia.
This action may reduce heart injury and improve PCl
outcomes. This mechanismis supported by bothanimal
models and clinical studies. Zacharowski et al. (25)
demonstrated for the first time that ranolazine
significantly reduces infarct size and cardiac troponin T
release in rats after coronary artery occlusion-
reperfusion. Itachieves this by inhibiting fatty acid beta-
oxidation, lowering acetyl-CoA levels, and activating
pyruvate dehydrogenase, leading to more efficient
adenosine tri-phosphate production, reduced lactic acid
buildup, and improved heart function under reduced
oxygen supply (25).

Furthermore, the study by Igbal et al. (26) involved 110
patients with chronic stable angina undergoing elective
PCl. Patients were randomized to receive ranolazine
(1,000 mg twice daily for 7 days, n=55) or a control
group (n=55). The ranolazine group experienced less
periprocedural myocardial injury and lower PCl-related
myocardial infarction. Post-procedural cardiac marker
levels were significantly reduced in the ranolazine

group. No significant adverse effects were observed.
This study supports ranolazine’s cardioprotective role in
elective PCl and complements our findings, further
validating its ability to reduce myocardial injury through
its unique ion channel-modifying properties (26).

The studyfounda link between procedure time and cTnl
levels in the standard care group (P = 0.017). Longer
procedures relate to myocardial injury. The ranolazine
group shows no link (P = 0.46). These findings align with
previous research, emphasizing procedure time as a key
determinant of myocardial injury, while the number of
stents, age, and LVEF had minimal impact. Also, avoiding
prolonged balloon inflation help to reduce post-PCl
troponin elevations. This supports the need for
strategies to optimize PCl duration and highlights
ranolazine’s potential role in reducing ischemic injury in
high-risk interventions (1).

Our results match previous trials on ranolazine in PCI.
Kourtis et al. (27) studied 150 patients scheduled for
nonemergent PCl. They split patientsinto three groups:
control, RIPC (Preconditioning before PCl), and
ranolazine. The ranolazine group had lower cTnl up to
24 hours, lower creatine phosphokinase at4, 10, and 24
hours, and lower creatine kinase —MB levelat 10 hours.
This suggests that RIPC with ranolazine lowers ischemia
and myocardial enzyme levels, further supporting its
cardioprotective role (27).

Also, regarding studies investigating other adjunctive
therapies such as nicorandil, a meta-analysis of 14
studies with 1,762 patients compared nicorandil to
control during PCI. Nicorandil lowered the risk of
periprocedural myocardial infarction (RR 0.73, 95% Cl
0.61-0.86) and major adverse cardiovascular events (RR
0.76, 95% ClI 0.58-0.99), demonstrating its
cardioprotective benefits (28).

While other therapies like statins and ACE inhibitors
offer benefits in reducing PMI, similar baseline
medication use in both groups indicates that they were
well-matched. This suggests ranolazine’s unique
mechanism of action may be particularly independently
effective in reducingischemia-related myocardialinjury.
Study limitations

While this study provides promising data on the
potential of ranolazine as a cardioprotective agent,
several limitations must be acknowledged. First, the
study was conducted at a single center with a relatively
small sample size (n=72), which may limit the
generalizability of the results.
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Larger trials with multi-biomarker strategy are needed
to confirm ranolazine's effects and its impact on long-
term outcomes and MACEin PCl patients.

Conclusion

This study shows that ranolazine significantly reduced
PCl-related myocardial injury, as reflected by lower
post-PCl cTnl levels elevation. These results suggest
ranolazine may provide cardioprotective benefits during
PCl, particularly in more complex procedures, improving
patient outcomes. Further research is needed to
confirm these findings, investigate the mechanisms of
this protection, and evaluate the long-term effects of
ranolazine on clinical outcomes in coronary artery
disease management.
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