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Abstract: Objective: To evaluate the predictive value of the Index of Cardiac Electrophysiological Balance (ICEB) for
ischemia-reperfusion injury (IRI) following coronary artery angioplasty. Methods: The retrospective study analyzed
data from 138 patients who underwent coronary artery angioplasty from January 2024 and December 2025. ICEB
was calculated as the ratio of the QT interval to the QRS duration (QT/QRS). Patients were divided into an IRl (n =
65) and a Non-IRI (n = 73) group based on the presence or absence of clinical and laboratory evidence of IRI fol-
lowing the procedure. Cardiac biomarkers, electrocardiographic findings, renal function indices, coagulation values,
inflammatory markers, and ICEB values were compared between the two groups. Logistic regression and receiver
operating characteristic (ROC) analyses were conducted to assess the relationship between the measured indica-
tors and the occurrence of IRI. Results: ICEB values, Troponin |, creatine kinase-MB (CK-MB) relative index, ST-
segment elevation, serum creatinine, blood urea nitrogen, cystatin C, prothrombin time, D-dimer levels, fibrinogen
levels, white blood cell (WBC) levels, neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein (CRP) levels were
significantly associated with IRI (P < 0.05). ROC analysis showed that ICEB and ST-segment elevation exhibited fa-
vorable sensitivity and specificity and were among the strongest predictors of IRI. Conclusion: ICEB, a non-invasive
electrocardiographic marker reflecting ventricular repolarization-depolarization balance, may strongly predict IRI fol-
lowing coronary artery angjioplasty. Assessment of ICEB may facilitate the early identification of patients at high-risk
for IRI, thereby improving risk stratification and potentially guiding perioperative management to reduce IRI-related
adverse outcomes.
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Introduction affecting approximately 20% to 40% of patients
[9]. This occurrence of IRl is associated with

Coronary artery disease (CAD) remains aprima- increased morbidity and mortality, contributing

ry contributor to morbidity and mortality world-
wide [1, 2]. Percutaneous coronary intervention
(PCI), particularly coronary artery angioplasty,
has substantially improved the management
and prognosis of CAD [3, 4]. However, ischemia-
reperfusion injury (IRl) remains a significant
complication of PCI, contributing to adverse
clinical outcomes [5, 6].

IRI is a well-documented pathologic process
that may occur during or after PCI, particularly
following coronary artery angioplasty [7, 8].
According to the American College of Cardiology,
IRI remains a major clinical challenge in pa-
tients undergoing coronary artery angioplasty,

to unfavorable clinical outcomes after the pro-
cedure [10]. Hence, identification of reliable
predictors capable of recognizing patients at
high risk for IRI following coronary artery angio-
plasty is of considerable clinical importance
[11].

The Index of Cardiac Electrophysiological Ba-
lance (ICEB), calculated as the ratio of the QT
interval to the QRS duration (QT/QRS), has been
increasingly recognized as a novel electrocar-
diographic marker. ICEB reflects the equilibrium
between cardiac repolarization and depolariza-
tion and provides insight into myocardial elec-
trophysiological status [12, 13]. Previous stud-
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ies have indicated that alterations in cardiac
electrophysiological balance, as reflected by
ICEB, may increase myocardial susceptibility to
IRI [14].

Despite advancements in PCl techniques and
adjunctive pharmacotherapy, the ability to pre-
dict accurately and prevent IRI following coro-
nary artery angioplasty remains limited [15,
16]. Consequently, identifying reliable predic-
tors of IRl is essential for improving risk stratifi-
cation and optimizing patient outcome. This
study aimed to investigate the predictive value
of ICEB for IRI after coronary artery angioplasty,
with the goal of facilitating early risk stratifica-
tion, and providing evidence to support the
development of targeted preventive and thera-
peutic strategies.

Patients and methods
Study subjects and groups

To investigate the predictive value of ICEB for
IRI following coronary artery angioplasty, this
retrospective study analyzed data from patients
who underwent coronary artery angioplasty at
Beijing Shijitan Hospital, Capital Medical Uni-
versity between January 2024 and December
2025. A total of 138 patients met predefined
inclusion and exclusion criteria and were includ-
ed in the study. Participants were divided into
an IRI group (n = 65) and a non-IRI group (n =
73) according to the presence or absence of
clinical and laboratory evidence of IRI.

Case selection and ethical declaration

Inclusion criteria: Patients who underwent cor-
onary artery angioplasty; aged > 18 years; and
with complete clinical and laboratory data
available.

Exclusion criteria: Patients with bleeding disor-
ders or a predisposition to bleeding; those with
chronic heart failure of New York Heart Ass-
ociation (NYHA) functional classification > II;
patients who experienced sudden cardiac arr-
est or cardiogenic shock; and individuals with
acute or chronic concomitant systemic diseas-
es, such as infectious disease, tumors, autoim-
mune diseases, or severe trauma.

Ethical statement: This study was approved by
the Institutional Review Board (IRB) of Beijing
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Shijitan Hospital, Capital Medical University. As
this was a retrospective analysis using anony-
mized medical records without additional inter-
ventions or risk to patients, the IRB determined
that informed consent was not required.

All data were handled with strict confidentiality,
and measures were taken to ensure the privacy
and security of participant information.

ICEB

ICEB was calculated as the ratio of the QT inter-
val to QRS duration (QT/QRS) [17]. ICEB reflects
the balance between ventricular depolariza-
tion and repolarization [18]. Electrophysiolo-
gically, ICEB is considered analogous to the car-
diac wavelength (A), which is defined as the
product of conduction velocity and the effective
refractory period [19]. One of the key advan-
tages of ICEB is its non-invasive nature and
ease of measurement [20].

Electrocardiographic measurement

A standard 12-lead electrocardiogram (ECG)
was obtained from all patients in a resting and
clinically stable state before coronary artery
angioplasty using a MAC 5500 HD electrocar-
diograph (GE Healthcare, USA). Two cardiolo-
gists, who were blinded to the group allocation,
manually measured the values including QT
interval, QRS duration, and PR interval. The
average value of the two measurements was
used for subsequent analyses. ICEB was calcu-
lated as the ratio of the QT interval to QRS dura-
tion (QT/QRS). The degree of ST-segment eleva-
tion was automatically determined using the
ECG system software and subsequently con-
firmed by the cardiologists. The presence of
T-wave inversion was also assessed and re-
corded for analysis.

Blood sample testing

A 5 ml venous blood sample was collected from
the antecubital vein of all patients after an over-
night fast on the morning of the procedure.

(1) Cardiac biomarkers: After centrifugation,
Troponin | levels were measured using a che-
miluminescent immunoassay analyzer (ADVIA
Centaur XP, Siemens Healthineers, Germany).
Creatine Kinase-MB (CK-MB) activity was as-
sessed using an automated biochemical ana-
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lyzer (Cobas ¢ 503, Roche Diagnostics, Swit-
zerland), and the CK-MB Relative Index was cal-
culated. N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) was quantified using an elec-
trochemiluminescence immunoassay on a Co-
bas e 601 analyzer (Roche Diagnostics, Swit-
zerland). Myoglobin and Ischemia Modified
Albumin (IMA) levels were determined using a
colorimetric method and an albumin-cobalt
binding test, respectively, on the Cobas ¢ 503
analyzer.

(2) Renal function markers: Serum creatinine,
blood urea nitrogen (BUN), and cystatin C were
measured using the automated biochemical
analyzer (Cobas c¢ 503, Roche Diagnostics,
Switzerland). The estimated glomerular filtra-
tion rate (eGFR) was calculated using the CKD-
EPI formula.

(3) Coagulation values: Blood samples were
collected into citrate-anticoagulated tubes,
gently inverted for mixing, and analyzed within
2 hours using a fully automated coagulation
analyzer (CS-5100, Sysmex Corporation, Japan)
to determine prothrombin time (PT), activated
partial thromboplastin time (APTT), fibrinogen,
and D-dimer levels.

(4) Inflammatory markers: White blood cell co-
unt (WBC) was determined using an automat-
ed hematology analyzer (DxH 800, Beckman
Coulter, USA). The differential WBC count was
used to calculate the neutrophil-to-lymphocyte
ratio (NLR). C-reactive protein (CRP) levels were
measured using an immunoturbidimetric assay
on the automated biochemical analyzer (Cobas
¢ 503, Roche Diagnostics, Switzerland).

Statistical analysis

Statistical analyses were performed using
SPSS 29.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics were used to summarize the
baseline characteristics, cardiac biomarkers,
electrocardiographic findings, renal function
indices, coagulation values, inflammatory mar-
kers, and ICEB values of the study participants.
Continuous variables were reported as means
+ standard deviations (SD), whereas categori-
cal variables were summarized as frequencies
and percentages.

Inter-group comparisons for continuous vari-
ables were conducted using t-tests, and chi-
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square tests were employed for categorical
variables. Correlation analysis and logistic re-
gression analysis were conducted to assess
the relationship between the investigated vari-
ables and IRl occurrence following coronary
artery angioplasty. Receiver operating charac-
teristic (ROC) curve analysis was performed to
assess the predictive performance of the indi-
cators, and the area under the curve (AUC) was
calculated to determine their discriminatory
ability. A two-sided P value < 0.05 was consid-
ered significant.

Results
Baseline characteristics

No significant differences were observed bet-
ween the IRl and non-IRI groups in terms of age
(60.23+5.37 vs. 59.81+4.79, P = 0.628), gen-
der distribution, BMI (26.12+2.55 vs. 25.84+
2.39, P = 0.498), smoking status, hyperten-
sion, diabetes, hyperlipidemia, previous MI,
previous PCI, or previous CABG (all P > 0.05).
These findings indicate that the baseline char-
acteristics were comparable between the two
groups, thereby minimizing potential confound-
ing effects in the subsequent analyses (Table
1).

Cardiac biomarkers levels

Comparison of cardiac biomarkers between the
IRI and Non-IRI groups presented in (Figure 1).
Patients in the IRI group exhibited significantly
higher Troponin | levels (2.92+1.13 ng/mL vs.
2.12+0.98 ng/mL, P < 0.001) and CK-MB
Relative Index values (3.85+0.83 vs. 3.08%
0.79, P < 0.001) than those in the non-IRI
group. However, no significant differences were
observed between the two groups in CK-MB,
NT-proBNP, myoglobin, or IMA levels (all P >
0.05).

Electrocardiographic findings

ECG values were compared between patients
with and without IRl (Figure 2). Compared to
the Non-IRI group, patients in the IRI group
exhibited significantly higher ST-segment eleva-
tion (3.78+0.97 mm vs. 2.18+0.72 mm, P <
0.001), longer QRS duration (100.25+15.34
ms vs. 92.74+13.23 ms, P = 0.003), prolonged
PR interval (165.89+20.79 ms vs. 155.58+
18.49 ms, P = 0.003), prolonged QT interval
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Table 1. Baseline characteristics of study population

groups (30.12+2.59 s vs.

29.56+2.07 s, P = 0.165).

IRl group ~ Non-IRI group ) p
Item (n = 65) n=73 Y Vaue
Inflammatory marker levels
Age (years) 60.2345.37 59.81+4.79 0.485 0.628
Body Mass Index (kg/m?) 26.12+2.55 25.84+2.39 0.680 0.498 tory markers between the two
Smoking [n (%)] 24 (36.9%) 28(38.4% 0.03 0.862 groups is shown in Table 3.
Hypertension [n (%)] 32(49.2%) 34 (46.6%) 0.020 0.888 The IRl group exhibited signi-
Diabetes [n (%)] 18 (27.7%) 20 (27.4%) 0.002 0.969 ficantly higher WBC counts
Hyperlipidemia [n (%)] 28 (431%) 30 (41.1%) 0.004 0.95 (9-221’2-091 x 109L vs. 7.85%
Previous MI [ (%)] 12 (185%) 10 (13.7%) 0.281 0.596 (15-8221;127/ L P< (?3-080513'1 NA'L-QR
. . 1. VS. . 1.
p PCI [n (% 8 (12.3% 7 (9.6% 0.057 0.812 '
revious PCl [n (%)l (12.3%) (9.6%) P < 0.001), and CRP levels
Previous CABG [n (%)] 5 (7.7%) 4(5.5%)  0.032 0.857

MI: Myocardial Infarction; PCI: Percutaneous Coronary Intervention; CABG: Coro-

nary Artery Bypass Grafting.

(400.69+30.34 ms vs. 380.98+25.79 ms, P <
0.001), and increased ICEB (QT/QRS) value
(4.92+0.83 vs. 3.21+0.64, P < 0.001). No sig-
nificant difference was observed in T-wave in-
version between the two groups (35.55+5.78%
vs. 34.46+6.38%, P = 0.296).

Renal function markers

Comparisons of renal function markers bet-
ween the IRl and non-IRI groups are shown in
Table 2. The IRl group demonstrated signifi-
cantly higher mean serum creatinine levels
than the non-IRI group (1.77+0.23 mg/dL vs.
1.49+0.35 mg/dL; t = 5.573, P < 0.001).
Similar trends were observed in the levels of
BUN (26.65+5.32 mg/dL vs. 22.18+4.67 mg/
dL;t=5.212, P < 0.001). Cystatin C levels were
also significantly higher in patients with IRl than
in those without IRl (1.08+0.27 mg/L vs.
0.96+0.15 mg/L, t = 3.097, P = 0.003). In con-
trast, no significant differences were observed
between the two groups in terms of eGFR (P =
0.081).

Coagulation values

A comparative analysis of coagulation values
between the IRl and non-IRI groups is shown in
Figure 3. Patients in the IRI group demonstrat-
ed a significantly prolonged PT (12.57+1.09 s
vs. 12.09+0.81 s, P = 0.004), elevated D-dimer
levels (0.69+0.24 mg/L vs. 0.58+0.15 mg/L, P
= 0.002) and fibrinogen levels (3.58+0.52 g/L
vs. 3.27+0.43 g/L, P < 0.001) compared to the
non-IRl group. However, no significant differ-
ence in APTT was noted between the two
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(12.381£4.24 mg/L vs. 8.92%
2.67 mg/L, P < 0.001) com-
pared to the non-IRI group.

Correlation analysis

As shown in Table 4, correlation analysis
revealed significant associations between vari-
ous indicators and the occurrence of IRI follow-
ing coronary artery angioplasty. Noteworthy
positive correlations were observed for tropo-
nin | (r = 0.354, R2 = 0.125), CK-MB Relative
Index (r = 0.434, R? = 0.188), ST-segment ele-
vation (r = 0.688, R? = 0.473), QRS duration (r =
0.256, R? = 0.065), PR interval (r = 0.256, R? =
0.065), QT interval (r=0.333,R2=0.111), ICEB
(QT/QRS) (r = 0.76, R2 = 0.577), serum creati-
nine (r =0.436, R2=0.19), BUN (r=0.411, R? =
0.169), Cystatin C (r = 0.264, R2=0.07), PT (r =
0.245, R? = 0.06), D-dimer levels (r = 0.269, R?
= 0.073), Fibrinogen levels (r = 0.316, R2=0.1),
WBC (r = 0.521, R2=0.271), NLR (r = 0.598, R?
=0.358), and CRP (r = 0.563, R2=0.317) (all P
< 0.05). These findings emphasize the potential
value of these indicators for predicting the risk
of IRI following coronary angioplasty.

Logistic regression analysis

The results of the logistic regression analysis
are summarized in Table 5. Among the evaluat-
ed indicators, ICEB (QT/QRS) showed the stron-
gest association with IRl (coef = 3.087, odds
ratio [OR] = 21.903, BIC = 90.413), followed by
ST-segment elevation (coef = 2.430, OR =
11.358, BIC = 111.879) and D-dimer levels
(coef = 2.885, OR = 17.890, BIC = 190.267).
Troponin | (coef = 0.714, OR = 2.042, BIC =
158.235), CK-MB Relative Index (coef = 1.184,
OR = 3.268, BIC = 142.279), and cystatin C
(coef = 2.576, OR = 13.150, BIC = 190.731)

Am J Transl Res 2026;18(6):4802-4812



ICEB predicts ischemia-reperfusion injury after coronary angioplasty

A Cc
Troponin I (ng/mL) Creatine Kinase-MB (U/L) NT-proBNP (pg/mL)
8 150 800
%k k% ns
*-------- > €« -—————n
6 . 600
- 100
400
50
200
0 0
PR PR
& & & &
S S S S
oF ¢ &% ¢°
& &
<° <
E . . . .
CK-MB Relative Index Ischemia Modified Albumin (U/mL)
200 7 150
ns X ns
*-m—mmm o > 6 . “-------- >
150 = -
5 100
4
100
3
50
50 B
1
0 0 0
N N AN N N N
@,,@ \o'\“’ @,,@ Q;\“’ \0,,6‘3 Q,;\“)
S S = S & &
O ,‘0 O ,90 QO O
¢ $ ¢ $ ¢
R R & &
<« <« <«

Figure 1. Comparison of cardiac biomarkers between the IRl and non-IRI groups. A: Troponin | (ng/mL); B: Creatine
Kinase-MB (U/L); C: NT-proBNP (pg/mL); D: Myoglobin (ng/mL); E: CK-MB Relative Index; F: Ischemia Modified Al-
bumin (U/mL). NT-proBNP: N-terminal pro-brain natriuretic peptide; CK-MB: Creatine Kinase-MB. ns: no significant

difference; ***: P < 0.001.

were also strongly associated with IRI. In addi-
tion, QRS duration, PR interval, QT interval,
BUN, PT, fibrinogen levels, WBC, NLR, and CRP
were significantly associated with IRl (all P <
0.05). Serum creatinine was also a significant
risk factor (coef = 0.527, OR = 1.694, BIC =
172.075, P < 0.001), consistent with its higher
levels in the IRI group.

ROC

The predictive performance of the indicators
for IRI after coronary artery angioplasty was
assessed using an ROC analysis (Table 6). The
indicators illustrated varying sensitivities and
specificities. ST-segment elevation demonstr-
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ated excellent predictive performance, with a
sensitivity of 0.89, a specificity of 0.8, an AUC
of 0.907, and a Youden index of 0.69. Other
ICEB (QT/QRS) showed the highest sensitivity
(0.932), with a specificity of 0.831, an AUC of
0.944, and a Youden index of 0.763.

Other indicators, including Troponin |, CK-MB
Relative Index, QRS duration, PR interval, QT
interval, serum creatinine, BUN, cystatin C, PT,
D-dimer levels, fibrinogen levels, WBC count,
NLR, and CRP levels exhibited varying degrees
of predictive performance. However, their AUC
values were lower than those of ST-segment
elevation and ICEB (QT/QRS).
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Figure 2. Comparison of ECG findings between the IRl and non-IRI groups. A: ST-segment elevation (mm); B: QRS
duration (ms); C: T-wave inversion (%); D: PR interval (ms); E: QT interval (ms); F: ICEB (QT/QRS). ECG: Electrocar-
diogram; ICEB: Index of Cardiac Electrophysiological Balance. ns: no significant difference; **: P < 0.01; ***: P <

0.001.

Discussion

The present study highlights the potential use
of the ICEB as a predictive marker for IRI follow-
ing coronary artery angioplasty. IRl remains a
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significant complication in the context of PCI,
contributing to adverse clinical outcomes [21].
Identification of reliable predictive markers for
IRl is essential for risk stratification and reduc-
tion, guiding tailored interventions [22].
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Table 2. Comparison of renal function indexes between the two groups

Values IRl group (n = 65) Non-IRI group (n = 73) t p-value
Serum creatinine (mg/dL) 1.77+0.23 1.49+0.35 5.573 P <0.001
Blood urea nitrogen (mg/dL) 26.65+5.32 22.18+4.67 5.212 P <0.001
Glomerular filtration rate (mL/min/1.73 m?) 91.22+15.41 95.23+10.62 1.759 0.081
Cystatin C (mg/L) 1.08+0.27 0.96+0.15 3.097 0.003
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Figure 3. Comparison of coagulation values between the IRl and non-IRI groups. A: Prothrombin time (sec); B:
Activated partial thromboplastin time (sec); C: D-dimer levels (mg/L); D: Fibrinogen levels (g/L). ns: no significant

difference; **: P < 0.01; ***: P < 0.001.

Table 3. Comparison of inflammatory markers between the

use of ICEB, a marker of the balance
between cardiac repolarization and

depolarization, for early identification
of patients at high risk of IRI.

Our results revealed a cluster of pre-
dictors that held significant associa-

two groups

IRI group Non-IRI group i
Values (n = 65) (n=73) t p-value
WBC (x10°%/L) 9.22+2.01 7.85+1.82 4.182 P<0.001
NLR 5.21+1.87 3.85+1.42 4779 P<0.001
CRP (mg/L) 12.38+4.24 8.92+2.67 5.667 P <0.001

tions with IRl. Among these, ICEB

WBC: White Blood Cell count; NLR: Neutrophil-to-Lymphocyte Ratio; CRP:

C-Reactive Protein.

In this study, ICEB, calculated as QT/QRS from
a standard 12-lead ECG, was proven to be a
valuable non-invasive indicator reflecting ven-
tricular electrical stability. A higher ICEB value
suggested a relative prolongation of repolariza-
tion compared to depolarization, which may
predispose the myocardium to arrhythmias and
increased myocardial vulnerability to reperfu-
sion injury [23, 24]. These findings support the
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demonstrated the strongest predic-
tive capability, with the highest sensi-
tivity and specificity by ROC analysis.
This finding underscores the potential of ICEB
as an effective and accessible tool for pre-pro-
cedural risk stratification in patients undergo-
ing coronary artery angioplasty [25].

In addition to ICEB, we also assessed other
clinical findings, including cardiac biomarkers,
renal function markers, coagulation values,
electrocardiographic findings, and inflammato-
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Table 4. Correlation analysis of investigated
indicators and IRI occurrence

Values r R? P
Troponin | 0.354 0.125 P<0.001
CK-MB Relative Index 0.434 0.188 P <0.001
ST-segment elevation 0.688 0.473 P <0.001

QRS duration 0.256 0.065 0.002
PR interval 0.256 0.065 0.002
QT interval 0.333 0.111 P<0.001
ICEB (QT/QRS) 0.76  0.577 P<0.001
Serum creatinine 0.436 0.19 P<0.001
Blood urea nitrogen 0.411 0.169 P<0.001
Cystatin C 0.264 0.07 0.002
Prothrombin time 0.245 0.06 0.004
D-dimer levels 0.269 0.073 0.001
Fibrinogen levels 0.316 0.1 P<0.001
WBC 0.521 0.271 P<0.001
NLR 0.598 0.358 P<0.001
CRP 0.563 0.317 P<0.001

CK-MB: Creatine Kinase-MB; ICEB: Index of Cardiac Elec-
trophysiological Balance; WBC: White Blood Cell count;
NLR: Neutrophil-to-Lymphocyte Ratio; CRP: C-Reactive
Protein.

ry markers. Troponin | and CK-MB Relative
Index levels were significantly elevated in
patients of the IRl group, confirming their poten-
tial role as specific biomarkers for post-angio-
plasty IRI. Renal function biomarkers, including
serum creatinine, BUN, and cystatin C, were
significantly higher in the IRI group, providing a
more comprehensive characterization of the
clinical profile of affected patients [26]. These
findings are consistent with prior research link-
ing renal dysfunction to adverse outcomes in
patients with coronary arterial diseases [27,
28], and suggest that these renal markers may
reflect the pathophysiologic processes underly-
ing IRI. Coagulation values also played a role in
IRIT29]. In our study, prothrombin time, D-dimer,
and fibrinogen levels were significantly higher in
the IRI group, indicating a close association
between ischemia-reperfusion and the coagu-
lation system, casting coagulation values as
emerging markers to predict IRI post-angioplas-
ty [30, 31].

ECG results revealed that ST-segment eleva-
tion, QT interval, ICEB were significantly associ-
ated with IRI. ST-segment elevation, a classical
marker of myocardial ischemia, was markedly
increased in the IRI group, consistent with pre-
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vious reports [32]. ICEB and QT interval were
also elevated, with ICEB demonstrating strong
predictive value [33]. These findings suggest
a relationship between ventricular electrical
instability and susceptibility to IRI, echoing the
concept that repolarization abnormalities may
predispose the myocardium to susceptibility to
IRI [34].

Furthermore, inflammatory markers were sig-
nificantly elevated in the IRI group, including
WBC, NLR, and CRP. This observation aligns
with the well-established pathophysiology that
IRI triggers a robust inflammatory cascade,
characterized by neutrophil activation and pro-
inflammatory cytokine release [35, 36]. In par-
ticular, NLR exhibited a strong correlation with
IRI, underscoring the interplay between innate
immune activation and cardiac injury following
reperfusion. The incorporation of inflammatory
markers provides a more holistic view of the IRl
pathology, bridging electrophysiological, isch-
emic, and inflammatory pathways. While ICEB
remains the strongest predictor, the additive
value of inflammatory indices such as NLR
could be explored in future multi-marker predic-
tive models.

From a clinical perspective, incorporating ICEB
assessment into pre-procedural risk evaluation
offers a simple, low-cost, and reproducible
approach for identifying patients at heightened
risk of IRI following coronary angioplasty. Early
risk stratification could facilitate personalized
perioperative management, including optimiza-
tion of anti-ischemic therapies and closer moni-
toring during reperfusion, thereby reducing the
incidence and severity of IRI-associated ad-
verse events.

Several limitations of this study should be
acknowledged. First, the retrospective, single-
center design may have introduced selection
bias, and the relatively small sample size may
limit the generalizability of our findings. Second,
although we identified several independent
predictors, causal relationships cannot be est-
ablished because of the observational nature
of the study. Third, the study population was
relatively limited, and external validation was
not performed. Therefore, large-scale, prospec-
tive multicenter studies are warranted to vali-
date the predictive value of ICEB for IRI.
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Table 5. Logistic regression analysis of factors associated with IRI after coronary artery angioplasty

Values coef 0dds ratio BIC P Value
Troponin | 0.714 2.042 (1.477-2.822) 158.235 <0.001
CK-MB Relative Index 1.184 3.268 (2.157-4.951) 142.279 <0.001
ST-segment elevation 2.430 11.358 (6.885-18.735) 111.879 < 0.001
QRS duration 0.037 1.038 (1.014-1.062) 191.438 0.003
PR interval 0.027 1.027 (1.009-1.046) 191.340 0.004
QT interval 0.026 1.026 (1.015-1.038) 184.193 <0.001
ICEB (QT/QRS) 3.087 21.903 (13.251-36.198) 90.413 <0.001
Serum creatinine 0.527 1.694 (1.299-2.208) 172.075 <0.001
Blood urea nitrogen 0.183 1.201 (1.102-1.309) 175.235 <0.001
Cystatin C 2.576 13.150 (4.211-41.060) 190.731 0.003
Prothrombin time 0.529 1.698 (1.180-2.443) 192.171 0.005
D-dimer levels 2.885 17.890 (3.980-80.411) 190.267 0.002
Fibrinogen levels 1.403 4.070 (2.160-7.660) 186.244 <0.001
WBC 0.412 1.510 (1.220-1.869) 188.521 <0.001
NLR 0.785 2.193 (1.640-2.932) 180.326 <0.001
CRP 0.184 1.202 (1.068-1.353) 191.876 0.003

CK-MB: Creatine Kinase-MB; ICEB: Index of Cardiac Electrophysiological Balance; WBC: White Blood Cell count; NLR: Neutro-
phil-to-Lymphocyte Ratio; CRP: C-Reactive Protein.

Table 6. Predictive performance of various values for IRI occur-

rence after coronary artery predictive value

Values Sensitivities Specificities  AUC Ymdei”
Troponin | 0.822 0.585 0.71 0.407
CK-MB Relative Index 0.616 0.815 0.755 0.431
ST-segment elevation 0.89 0.8 0.907 0.69

QRS duration 0.548 0.754 0.658 0.302
PR interval 0.603 0.6 0.632 0.203
QT interval 0.712 0.662 0.685 0.374
ICEB (QT/QRS) 0.932 0.831 0.944 0.763
Serum creatinine 0.908 0.548 0.749 0.456
Blood urea nitrogen 0.863 0.462 0.725 0.325
Cystatin C 0.877 0.477 0.637 0.354
Prothrombin time 0.767 0.569 0.664 0.336
D-dimer levels 0.836 0.492 0.652 0.328
Fibrinogen levels 0.808 0.569 0.684 0.377
WBC 0.692 0.644 0.694 0.336
NLR 0.569 0.849 0.716 0.418
CRP 0.723 0.767 0.761 0.490

CK-MB: Creatine Kinase-MB; ICEB: Index of Cardiac Electrophysiological Bal-
ance; WBC: White Blood Cell count; NLR: Neutrophil-to-Lymphocyte Ratio; CRP:

C-Reactive Protein.

Conclusion

The current study demonstrated that ICEB was
a potent predictor of IRl in patients undergoing
coronary artery angioplasty. In addition, cardi-
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ac biomarkers, renal function
markers, coagulation values,
and inflammatory markers we-
re also associated with IRI
to varying degrees. Evaluating
ICEB before coronary angio-
plasty may facilitate early iden-
tification of high-risk patients,
potentially informing perioper-
ative management strategies.
These findings provide further
insight into clinical manage-
ment of IRl and may guide
refinement of therapeutic str-
ategies. Future prospective in-
vestigations ought to focus
on validating these outcomes
and identifying other predictive
factors that may serve as reli-
able predictors of IRI following
coronary artery angioplasty.
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