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Objective: To investigate whether fragmented QRS (fQRS) on electrocardiogram (ECG) obtained 24-48 hours after percutaneous
coronary intervention (PCI) predicts left ventricular remodeling (LVRM) and major adverse cardiovascular events (MACE) in patients
with acute myocardial infarction (AMI).

Methods: A total of 122 AMI patients who underwent PCI were prospectively enrolled and categorized into fQRS (n=48) and non-
fQRS (n=74) groups based on post-PCI ECG findings. Clinical data, serum biomarkers, left ventricular function, and the incidence of
MACE were compared between groups. Cox proportional hazards regression and logistic regression analyses were used to identify
independent predictors of MACE and LVRM, respectively.

Results: Patients in the fQRS group exhibited significantly higher levels of cardiac biomarkers (cTnl, CPK, CK-MB), more adverse
lipid profiles, and impaired renal function parameters (all P < 0.05). Echocardiographic assessment revealed significantly reduced left
ventricular ejection fraction (51.5% vs 57.2%, P < 0.001) and increased wall thickness in the fQRS group. During one-year follow-up,
the fQRS group had a substantially higher incidence of MACE (35.4% vs 10.8%, P < 0.001). Multivariate analysis confirmed post-PCI
fQRS as an independent predictor for both LVRM (OR: 3.12, 95% CI: 1.48-6.55, P = 0.003) and MACE (HR: 2.65, 95% CI:
1.52-4.63, P = 0.001).

Conclusion: fQRS identified on ECG after PCI is a significant independent predictor of LVRM and MACE in AMI patients,
providing valuable prognostic information for risk stratification.

Keywords: QRS fragmentation, myocardial infarction, percutaneous coronary intervention, left ventricular remodeling, adverse
cardiovascular events

Introduction

Acute myocardial infarction (AMI) is a critical endpoint of coronary heart disease (CAD), characterized by plaque
rupture and acute thrombosis due to coronary atherosclerosis, leading to severe myocardial ischemia and tissue necrosis."
AMI remains a leading cause of mortality worldwide, with a rising incidence and younger onset age. Reperfusion
therapy, including percutaneous coronary intervention (PCI), is the primary treatment for AMI, significantly improving
short- and long-term outcomes by promptly reopening infarct-related arteries and reducing myocardial damage.” Since
Andreas Gruentzig accomplished the first human percutaneous balloon angioplasty in 1977 and Sigwart et al successfully
implanted the first coronary stent in 1987, the field of interventional cardiology has seen rapid advancement. According
to Weaver et al,> PCI in the management of AMI has demonstrated the ability to promptly and completely open the
infarction-related artery (IRA) and achieve myocardial reperfusion. This method has evolved into the preferred treatment
for AMI, suitable for over 90% of patients.*

https://doi.org/10.2147/13GM.S564055 International Journal of General Medicine 2026:19 564055 |
Received: 29 August 2025 © 2026 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 10 December 2025 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 10 January 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wu et al

However, substantial variability in patient prognoses following PCI persists, with mortality rates remaining as high as
10%. This variability is partly due to left ventricular remodeling (LVRM), which significantly influences cardiac function
and long-term prognosis.” LVRM is a complex process involving molecular and cellular mechanisms that alter myocardial
structure and function following AMI.® Factors influencing LVRM include infarct location, with anterior descending
branch occlusions often leading to larger infarcts and worse outcomes.” Research, such as that by Loboz-Grudzien et al,®
has highlighted the location of myocardial infarction as a significant determinant affecting LVRM post-AMI. Studies have
shown that lesions in the LAD, especially proximal occlusions, exhibit slower ST-segment resolution on electrocardio-
graphy following PCI. These lesions often lead to more severe left ventricular dysfunction, larger infarct sizes, and poorer
prognosis due to increased myocardial involvement. A Cox regression analysis involving 7311 patients with angina pectoris
and myocardial infarction across Western Europe, Israel, Canada, Australia, and New Zealand, as reported by Clayton
et al,” further highlighted the correlation between coronary imaging characteristics and patient prognosis.

fQRS, a novel electrocardiographic (ECG) marker, is closely associated with abnormal myocardial scar conduction,
myocardial necrosis, and conduction delays in the peri-infarction area.'®'" The presence of fQRS has been observed
across a wide spectrum of cardiovascular diseases, including cardiomyopathy, coronary slow flow, left ventricular
asynchrony, atrial fibrillation, and various arrhythmias.'>'* Several studies have evaluated the predictive value of
fQRS in patients with myocardial infarction. A meta-analysis conducted by Giingér et al'> explored the association
between fQRS and both in-hospital and long-term cardiovascular events in patients with AMI. Their findings revealed
that fQRS is correlated with mortality, major adverse cardiovascular events (MACE), diminished left ventricular
function, and the presence of multivessel disease in these patients. Tanriverdi et al'® investigated the relationship
between single-lead fQRS and prognosis in patients with ST-segment elevation myocardial infarction (STEMI) following
successful reperfusion therapy. Although conventional criteria require fQRS to appear in at least two leads, their study
suggested that in STEMI patients, the presence of fQRS in one or more leads indicates an elevated cardiac risk.

Given the considerable variability in the prognosis of patients with coronary artery disease following direct PCI,
accurately identifying patients with poorer prognoses from complex clinical data is crucial for frontline clinicians.
Presently, there is limited research on the correlation between fQRS and LVRM and adverse cardiovascular events in
AMI patients. Therefore, the aim of this study was to analyze LVRM in AMI patients post-PCI and the incidence of
MACE within a specific timeframe.

Data and Methods

General Information

This retrospective study was conducted at a single center. Based on prior studies and preliminary data, the estimated
prevalence of the fQRS pattern in patients with AMI undergoing PCI is approximately 30%. To detect a clinically
significant difference in the primary outcome (eg, incidence of major adverse cardiac events MACE) with a power of
80% and a significance level of 0.005, a minimum of 110 patients is required. A total of 122 patients diagnosed with AMI
underwent PCI at our hospital between January 2021 and December 2022 and were included as subjects for this study.

Selection Criteria
Inclusion Criteria

1. Patients meeting the diagnostic criteria outlined in the European Society of Cardiology’s 2017 Guidelines for the
Management of Acute Coronary Syndrome with unsustained ST Elevation.'” A 12-lead Static ECG was recorded
at admission and again at 24-48 hours after PCI. In instances of lower wall myocardial infarction, assessment of
the post-PCI ECG extended to include the examination of leads V3R to V5R and VT to V9 as needed.

2. Confirmation of fragmented QRS (fQRS) presence through the post-PCI ECG observation.'® The fQRS pattern is
characterized by at least two consecutive leads with an RSR’ pattern (=1 R waves or s waves being fragmented) and the
absence of interventricular heart block. fQRS often manifests in the infarct-related artery supply area across two or
more leads. Independent evaluation of fQRS was conducted by two experienced attending physicians, and any
discrepancies in their assessments were resolved through discussion to arrive at a final determination.
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3. Patients experiencing their first onset of AMI.
4. Availability of complete medical history data.
5. Prior informed consent from both patients and their families regarding their participation in the study.

Exclusion Criteria
1. Primary valvular heart disease (including mild forms).
Presence of cardiomyopathy.
Pre-excitation syndrome.
Patients with uncontrolled infections or severe electrolyte disturbances.
Individuals with intraventricular heart block who have undergone permanent pacemaker implantation.
Patients diagnosed with known mental or intellectual developmental disorders or those unwilling to cooperate.
Severe pulmonary, liver, or renal insufficiency.
Recent use of anti-arrhythmic drugs such as bretylium and amiodarone.

e A A ol ol

Presence of bundle branch blocks (RBBB or LBBB), as these conditions can interfere with the accurate identifica-
tion of fQRS patterns.

Risk Stratification for NSTEMI Patients

For patients diagnosed with NSTEMI, cardiovascular risk stratification was performed at admission in accordance with
the 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-
segment elevation.'® Patients were categorized into very high-, high-, and intermediate-risk groups based on established
criteria. The very high-risk category includes patients with hemodynamic instability, cardiogenic shock, recurrent or
ongoing chest pain refractory to medical treatment, life-threatening arrhythmias, mechanical complications of myocardial
infarction, acute heart failure, or dynamic ST- or T-wave changes, particularly with intermittent ST-segment elevation.
The high-risk category is defined by an established diagnosis of NSTEMI, dynamic or presumably new contiguous ST/
T-wave changes, or a GRACE risk score >140. Finally, the intermediate-risk group includes patients with diabetes
mellitus, renal insufficiency (eGFR <60 mL/min/1.73 m?), left ventricular ejection fraction (LVEF) <40%, or a GRACE
risk score of 109-140 [1].

Data Collection and Biochemical Index Detection

General data were gathered, encompassing gender, age, body mass index, smoking history, and past medical records. The
levels of creatine phosphokinase and creatine kinase isoenzyme were assessed through spectrophotometry using the
Beckman Coulter AU680 automatic biochemical analyzer after centrifugation. Fasting venous blood samples were
collected from patients on the morning following admission. Subsequently, after centrifugation, the supernatant was
utilized for spectrophotometric analysis of total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), serum creatinine, blood urea nitrogen, and blood uric acid using an
automatic biochemical analyzer.

Follow-up Process

Patients were followed for 1 year after the index procedure. The primary focus of follow-up was the occurrence of
MACE. Clinical follow-up, including the assessment for MACE, was conducted through bi-monthly telephone inter-
views and by reviewing the hospital’s electronic medical records. Non-cardiac deaths, ie, those due to malignancy, were
excluded from the MACE composite endpoint as per the defined study outcome In addition to clinical follow-up,
echocardiographic examinations were systematically scheduled and performed at specified intervals (at 3, 6, and 12
months post-PCI) during outpatient visits to actively monitor changes in left ventricular structure and function. All
follow-up data, both clinical and echocardiographic, were centrally recorded and managed. MACE was defined as
a composite endpoint including recurrent myocardial infarction, heart failure requiring hospitalization, sudden cardiac
death, stroke or transient ischemic attack.
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Echocardiography
Following admission, patients underwent echocardiography examinations using the Philips HD3 color Doppler ultra-
sound equipped with a probe frequency of 2~4 MHz. The assessment routinely recorded the size of each ventricle and the
thickness of the ventricular walls. Parameters such as left ventricular ejection fraction (LVEF), interventricular septal
thickness (IVST), and left ventricular posterior wall thickness (LVPW) were specifically extracted and documented.
LVRM was defined based on changes in echocardiographic parameters. Specifically, LVRM was diagnosed if any of
the following criteria were met: a decrease in LVEF to <45%, an increase in left ventricular end-diastolic dimension
(LVEDd) by >20% compared to baseline, or an increase in left ventricular mass index (LVMI) by >20% compared to
baseline. These indices were derived from measurements of LVEDd, interventricular septal depth (IVSd), and left
ventricular posterior wall depth (PWd) taken from the left ventricular long-axis view. Additionally, the left ventricular
mass index (LVMI) was calculated using the Devereux correction formula, where left ventricular mass (LVM) = 0.8 x
{1.04 x [(LVEDd + IVSd + PWd)? - (LVEDd)’]} + 0.6. LVMI was determined by dividing LVM by the body surface
area (BSA), calculated as BSA (m?) = 0.0061 x body height (cm) + 0.0128 x body mass (kg) - 0.1529.%°

Electrocardiogram (ECG) Monitoring

The fQRS diagnosis was based on a standard 12-lead ECG obtained 2448 hours after the successful PCI procedure. This
timing was chosen to allow for stabilization of the initial ischemic injury and to ensure that the identified fQRS complex
represents the established infarct-related scar tissue after reperfusion. The same filter settings (0.05-100 Hz) and
assessment criteria by two experienced physicians were applied. Patients were then categorized into fQRS and non-
fQRS groups.

Statistical Analysis

The collected data were analyzed using SPSS 21.0 software. Categorical data were presented as percentages (%), while
continuous variables were expressed as mean + standard deviation (x + s). Group comparisons were conducted using the
X~2 test for categorical data and the #-test for continuous variables.

Survival analysis for MACE was performed using Kaplan-Meier survival curves with the Log rank test, with time
zero defined as the date of the post-PCI ECG. Cox proportional hazards regression analysis was employed to identify
independent predictors of MACE. Logistic regression analysis was used to identify independent predictors of LVRM.

The criteria for inclusion and exclusion in the analysis were set at P<0.10 and P<0.15, respectively. These criteria
were used to select variables for inclusion in the multivariate analysis based on their univariate associations with the
outcome. Selection of dependent and independent variables was based on specific circumstances. All statistical tests were
two-sided, and a P-value <0.05 was considered statistically significant.

Results

Comparison of Two Groups of Basic Data

Based on the presence or absence of fQRS on the post-PCI ECG, the 122 patients were categorized into two groups.
The fQRS group consisted of 48 patients (39.3%), while the non-fQRS group comprised 74 patients (60.7%). The
baseline clinical characteristics of the two groups are summarized in Table 1. There were no significant differences in
gender, age, BMI, smoking history, and past medical history between the groups (P > 0.05). Consistent with the more
severe initial injury often associated with subsequent scar formation, the fQRS group had a significantly higher
proportion of STEMI patients compared to the non-fQRS group (77.1% vs 48.6%, P = 0.002). Similarly, among the 56
NSTEMI patients, the distribution across risk categories (very high, high, intermediate) was comparable between the
two groups (P = 0.554).

Comparison of Serum and Heart-Related Indexes
Comparative analysis of serum and cardiac biomarkers demonstrated significant differences between the groups
(Table 2). Patients in the fQRS group exhibited a more adverse lipid profile, characterized by significantly higher levels
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Table | Baseline Clinical Characteristics

Index fQRS Non-fQRS tix? P
Group (n=48) Group (n=74)

Age (years) 66.1 +89 63.8 + 10.7 1.245 0.215

Gender (Male) 33 (68.8%) 53 (71.6%) 0.125 0.724

BMI (kg/m?) 23.8+29 23.6 £29 0.367 0.714

Infarct pattern 9.875 0.002

STEMI 37 (77.1%) 36 (48.6%)

NSTEMI Il (22.9%) 38 (51.4%)

NSTEMI Risk Stratification (n=11) (n=38) 1.185 0.554

- Very High-Risk 3 (27.3%) 9 (23.7%)

- High-Risk 7 (63.6%) 21 (55.3%)

- Intermediate-Risk 1 (9.1%) 8 (21.1%)

Smoking history 22 (45.8%) 42 (56.8%) 1.429 0.232

Past Medical History

Hypertension (HBP) 33 (68.8%) 50 (67.6%) 0.021 0.885

Diabetes Mellitus (DM) 14 (29.2%) 20 (27.0%) 0.072 0.788

Hyperlipemia (HLP) 17 (35.4%) 27 (36.5%) 0.016 0.900

Abbreviations: STEMI, ST elevation myocardial infarction; NSTEMI, Non-ST elevation myocardial infarc-
tion; HBP, high blood pressure; DM, diabetes mellitus; HLP, hyperlipemia.

Table 2 Comparison of Serum and Heart-Related Indexes Between Two Groups

Parameter fQRS Group (n=48) Non-fQRS Group (n=74) | Statistical Value | P

TC (mmol/L) 492 £ 1.05 435+ 0.95 t=3.112 0.002

TG (mmol/L) 1.72 £ 0.55 1.58 + 0.53 t=1.425 0.157

HDL-C (mmol/L) 0.79 £ 0.13 0.97 £ 0.20 t=—5.832 <0.001
LDL-C (mmol/L) 3.18 £ 0.72 2.52 £ 0.76 t=4.855 <0.001
Scr (umol/L) [M (P25, P75)] 90.15 (75.80, 110.23) 76.33 (63.15, 88.95) Z=3.205 0.001

Blood urea nitrogen (mmol/L) | 6.81 + 1.89 598 £ 1.45 t=2.831 0.005

Blood uric acid (umol/L) 408.50 + 91.60 352.18 + 89.75 t=3.365 0.001

cTnl (ng/mL) [M (P25, P75)] 7.85 (5.12, 10.10) 2.55 (1.90, 3.85) 7=6.899 <0.001
CPK (U/L) [M (P25, P75)] 350.20 (165.30, 580.45) | 160.18 (105.25, 245.60) Z=4723 <0.001
Creatine Kinase-MB (U/L) 53.88 = 14.01 20.45 + 5.89 t=17.210 <0.001

Abbreviations: TC, total cholesterol; TG, triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein
cholesterol; Scr, Serum creatinine; cTnl, Cardiac troponin I; CPK, creatine phosphokinase.

of TC and LDL-C, and lower levels of HDL-C (all P < 0.01). Furthermore, markers of myocardial necrosis (cTnl, CPK,
CK-MB) were substantially elevated in the fQRS group (all P < 0.001), consistent with a greater extent of myocardial
injury. Parameters indicative of renal function and metabolic status (Scr, BUN, Blood UA) were also less favorable in the
fQRS group (all P < 0.05).

Comparison of LV Function Between Two Groups

Echocardiographic assessment of left ventricular function and structure revealed significant impairments in the fQRS
group (Table 3, Figure 1). Compared to the non-fQRS group, patients with fQRS had a significantly lower left ventricular
ejection fraction (LVEF) and greater wall thickness, as evidenced by increased interventricular septal thickness (IVST)
and left ventricular posterior wall (LVPW) thickness (all P < 0.001). These findings are consistent with more pronounced
left ventricular dysfunction and early remodeling in patients with post-infarct fQRS.
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Table 3 Comparison of LV Function Between Two Groups

Parameter fQRS Non-fQRS Statistical Value P
Group (n=48) Group (n=74)

LVEF (%) 51.5+59 572 +£35 t=—6.452 <0.001

IVST (mm) 129 + 2.4 105+ 1.9 t=6.125 <0.001

LVPW (mm) 128 £ |.5 10.0 £ 1.5 t=10.210 <0.001

Note: Data are presented as mean * standard deviation.
Abbreviations: LVEF, left ventricular ejection fraction; IVST, ventricular septal thickness; LVPWV, left
ventricular posterior wall thickness.

The Occurrence of MACE During Follow-up
Over the one-year follow-up, the cumulative incidence of MACE was significantly higher in the fQRS group compared
to the non-fQRS group (35.4% vs 10.8%, P < 0.001) (Table 4 and Figure 2). Kaplan-Meier survival analysis confirmed
a significantly higher event-free survival rate in the non-fQRS group (Log-rank P < 0.001). The distribution of individual
MACE components is detailed in Table 4.
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Figure | Comparison of left ventricular (LV) function and structure parameters between patients with fragmented QRS complex (fQRS) and those without (Non-fQRS).
Violin plots with overlaid boxplots show distributions of left ventricular ejection fraction (LVEF), interventricular septal thickness (IVST), and left ventricular posterior wall
thickness (LVPW) across two groups. ****P < 0.001, independent t-test. Horizontal lines with asterisks indicate the level of statistical significance.
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Table 4 The Occurrence of MACE

Parameter fQRS Non-fQRS 1 P
Group (n=48) Group (n=74)

During the hospital stay

In-hospital MACE 8 (16.7%) 3 (4.1%) 5.876 0.015

During annual follow-up

Restenosis 9 (18.8%) 3 (4.1%) 7.624 0.006

Cardiac death 2 (4.2%) 0 (0.0%) 3.141 0.076

Heart failure hospitalization 6 (12.5%) 2 (2.7%) 4.547 0.033

Stroke 2 (4.2%) 1 (1.4%) 0.941 0.332

Total MACE 17 (35.4%) 8 (10.8%) 11.215 <0.001

Notes: Data are presented as n (%). The composite endpoint of Total MACE includes in-hospital MACE and
any of the events listed under “During annual follow-up”.
Abbreviation: MACE, major adverse cardiovascular events.

Logistic Regression Analysis
Multivariable regression analyses were performed to identify independent predictors of the primary outcomes. In the Cox
proportional hazards model for MACE, which included gender, hypertension, diabetes, hyperlipidemia, ST-segment
resolution, infarct location, and post-PCI fQRS, the presence of post-PCI fQRS remained a strong independent predictor
(HR: 2.65, 95% CI: 1.52—4.63, P = 0.001). Anterior myocardial infarction (HR: 2.55, 95% CI: 1.50—4.35, P = 0.001) and
diabetes mellitus (HR: 2.20, 95% CI: 1.10—4.39, P = 0.026) were also identified as significant independent risk factors for
MACE.

Furthermore, in a logistic regression model adjusted for potential confounders, post-PCI fQRS was confirmed to be an
independent risk factor for the development of LVRM (OR: 3.12, 95% CI: 1.48-6.55, P = 0.003).
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Figure 2 Incidence of major adverse cardiovascular events (MACE) components during one-year follow-up between fQRS and Non-fQRS groups. Bar plots display the
number of cases of restenosis, cardiac death, heart failure hospitalization, and total MACE in each group.
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Discussion

The principal finding of our study is that the fragmented QRS complex, identified on ECG 24 to 48 hours after primary
PCI, serves as a significant and independent predictor of both left ventricular remodeling and major adverse cardiovas-
cular events in patients with acute myocardial infarction. This specific timing for fQRS assessment was deliberately
chosen to capture the established infarct-related scar tissue after reperfusion, thereby providing a more robust evaluation
of its prognostic utility.

Our data demonstrate that patients with post-PCI fQRS sustained more severe myocardial injury, as evidenced by
significantly elevated levels of cardiac troponin I and creatine kinase-MB, consistent with a larger infarct size.' This
group also exhibited a more adverse metabolic profile and signs of early structural remodeling, characterized by lower
LVEF and greater ventricular wall thickness. These findings align with the pathophysiological concept that fQRS
signifies a substrate of myocardial scar and conduction heterogeneity, which arises from mechanisms such as local
scarring and peri-infarct block, leading to disrupted depolarization.”*** This electrical disorganization is increasingly
recognized as a marker of the underlying substrate that promotes mechanical dyssynchrony and adverse remodeling,>**°
a process intimately linked to heart failure progression and poor long-term outcomes.”®

The prognostic significance of fQRS was further underscored by a markedly higher incidence of MACE during
follow-up, a finding that persisted after comprehensive adjustment for potential confounders. The strong association
we observed aligns with and extends previous research. A meta-analysis by Giingér et al'> and others have previously
linked fQRS to mortality, diminished left ventricular function, and multivessel disease in AMI patients.>” Our study
strengthens this evidence by specifically linking the fQRS complex observed after successful revascularization to
subsequent risks, thereby providing a more refined temporal link between the established scar and future events. Our
results are also in concordance with studies that have associated fQRS with the severity of coronary artery lesions and
cardiac events.”®*’

Several limitations of our study warrant consideration. First, the single-center, retrospective observational design
inherently limits causal inference. Second, although our sample size was adequate for the primary analyses, a larger
cohort would provide greater statistical power for analyzing individual MACE components. Third, we did not system-
atically collect data on arrhythmic events, which represent important outcomes related to the electrically unstable
substrate that fQRS may represent. Future prospective, multicenter studies are needed to validate our findings and
explore the underlying mechanisms in greater depth.

Conclusion

The fQRS complex on a standard ECG performed after PCI is a readily available, non-invasive marker that identifies
AMI patients at high risk for left ventricular remodeling and major adverse cardiovascular events. Its integration into
routine risk stratification protocols could help in tailoring more intensive follow-up and management strategies for this

vulnerable patient subgroup.

Data Sharing Statement
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