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Objective: To evaluate the impact of electrocardiogram (ECG)-guided antiarrhythmic strategy on serum biomarkers, cardiac function, 
and quality of life in patients with acute coronary syndrome (ACS) and arrhythmias.
Methods: This prospective observational cohort enrolled 80 ACS patients with arrhythmias managed via a monitor-alert-response- 
titration pathway (observation group) during January-December 2024. Propensity score-matched controls (n = 80) received conven
tional experience-based antiarrhythmic therapy. Comparisons included in-hospital antiarrhythmic interventions, arrhythmia control, 
adverse events, and myocardial injury/stress biomarkers (NT-proBNP, hs-cTnI, hs-cTnT, hs-CRP) at T0 (baseline), T1 (2-day), and T2 
(7-day). Cardiac function (LVEF, LVEDD, LVEDVI, E/e′) and patient-reported outcomes [Seattle Angina Questionnaire (SAQ), 
6-minute walk test (6MWT)] were assessed at T0, T3 (1-month), and T4 (6-month). Major adverse cardiovascular events (MACE) 
were recorded over 6 months.
Results: The observation group demonstrated higher β-blocker utilization, guideline adherence, and drug adjustment rates (P < 0.05). 
Arrhythmia control was superior in the observation group at T2 (93.75% vs 82.50%, P < 0.05). More pronounced reductions in all 
biomarkers were observed in the observation group at T1 and T2 (P < 0.05). Greater improvements in LVEF, LVEDD, LVEDVI, E/e′, 
SAQ scores, and 6MWT distance were sustained in the observation group at T3 and T4 (P < 0.05). The 6-month MACE rate was 
lower in the observation group (13.75% vs 32.50%, P < 0.05).
Conclusion: ECG-guided antiarrhythmic therapy improves pharmacotherapy quality and arrhythmia control, accelerating myocardial 
injury and stress attenuation. This strategy approach enhances cardiac recovery, reverse remodeling, functional capacity, and quality of 
life, ultimately reducing long-term cardiovascular risk.
Keywords: acute coronary syndrome, ECG-guided antiarrhythmic therapy, cardiac function, biomarkers, quality of life

Introduction
Acute coronary syndrome (ACS) constitutes a clinical spectrum of acute myocardial ischemia resulting from coronary 
atherosclerotic plaque rupture or erosion, with subsequent thrombus formation or severe vasospasm. This entity 
encompasses ST-segment elevation myocardial infarction (STEMI), non-STEMI (NSTEMI), and unstable angina 
(UA). The quality of early risk stratification and comprehensive management directly influences short-term mortality, 
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heart failure incidence, and the long-term risk of major adverse cardiovascular events (MACE).1–3 The 2023 ESC 
guidelines for ACS management underscore that structured care pathways from the pre-hospital to in-hospital phase, 
coupled with standardized pharmacological and revascularization strategies and evidence-based secondary prevention, 
are pivotal for further reducing mortality and complications.1 Pathophysiologically, the Fourth Universal Definition of MI 
establishes the central diagnostic role of a rise and/or fall in cardiac troponin (cTn) values, especially high-sensitivity cTn 
(hs-cTn), in conjunction with clinical evidence of MI. It also emphasizes the critical need to differentiate MI from non- 
ischemic myocardial injury to prevent undertreatment and overtreatment.4 This definition provides a unified framework 
for patient enrollment, endpoint definitions, and biomarker interpretation in clinical research.

Cardiac arrhythmias are a frequent complication in the acute phase of ACS. Sympathetic activation, electrophysiological 
heterogeneity induced by ischemia-reperfusion injury, and electrolyte imbalances can precipitate both atrial and ventricular 
arrhythmias, which in severe cases may lead to hemodynamic instability or even sudden cardiac death.5–7 The 2023 AHA/ 
ACC/HRS guideline for the management of ventricular arrhythmias and subsequent evidence highlight the central role of β- 
blockers in attenuating sympathetic drive, reducing myocardial oxygen demand, and decreasing the incidence of life- 
threatening ventricular arrhythmias.8 However, the benefit of long-term routine β-blocker therapy in revascularized patients 
with preserved left ventricular ejection fraction (LVEF) remains a subject of debate,9–12 necessitating management strategies 
optimized through individualized risk assessment and monitoring. Beyond reperfusion and antithrombotic therapy, a trend 
towards more meticulous monitor-guided care is gaining prominence. Continuous electrocardiographic (ECG) monitoring 
and mobile cardiac telemetry enhance arrhythmia detection rates, shorten intervention delays, and provide real-time guidance 
for drug titration and non-pharmacological interventions (eg, cardioversion/defibrillation, pacing, ablation), potentially 
translating into improved hard outcomes.13–15 Although previous studies indicate a decline in the incidence of malignant 
arrhythmias in the contemporary era of intensive monitoring,16,17 a standardized paradigm for converting monitoring signals 
into actionable therapeutic decisions, through structured alarm-response pathways, remains elusive, lacking robust prospec
tive evidence. In routine care, arrhythmia management in ACS often remains experience-based, which may introduce inter- 
clinician variability, delayed responses to monitor alerts, and therapeutic uncertainty due to both overtreatment and under
treatment. Accordingly, this study focused on clinically significant in-hospital arrhythmias detected by continuous ECG 
monitoring, primarily premature ventricular complexes (PVCs), non-sustained ventricular tachycardia (NSVT), and new- 
onset atrial fibrillation/atrial flutter (AF/AFL).

Multidimensional outcome assessment further reflects the shift towards patient-centered care in ACS.18 In addition to 
hard endpoints such as mortality and reinfarction, biomarkers including N-terminal pro-B-type natriuretic peptide (NT- 
proBNP), hs-cTn, and high-sensitivity C-reactive protein (hs-CRP) provide insights into the extent of myocardial injury, 
hemodynamic stress, and residual inflammatory risk.19 Echocardiographic parameters, such as LVEF, left ventricular 
end-diastolic diameter/volume index (LVEDD/VI), and the ratio of early mitral inflow velocity to early diastolic mitral 
annular velocity (E/e′), characterize cardiac remodeling and diastolic function.20 Meanwhile, disease-specific quality of 
life instruments like the Seattle Angina Questionnaire (SAQ) and functional capacity assessments such as the 6-minute 
walk test (6MWT) quantify functional status and patient-reported outcomes, having demonstrated good reliability and 
prognostic value in populations with coronary artery disease and cardiac rehabilitation.21

Against this backdrop, the present study aims to develop and evaluate a clinical pathway integrating ECG monitor 
alert, stratified response, and individualized antiarrhythmic drug titration within the framework of standard ACS care 
(Figure 1). We will systematically compare this protocol-driven approach against conventional, experience-based 
management, assessing its impact on arrhythmia control, myocardial injury/inflammatory burden, cardiac functional 
remodeling, quality of life, and medium-term MACE. The findings are expected to provide prospective evidence to 
inform structured and precision management strategies for ACS patients with concomitant arrhythmias.

Materials and Methods
Patient Characteristics
Based on previous data, the incidence of 6-month MACE in conventionally managed patients was approximately 30%.22 

It was projected that the implementation of the monitor-response-titration pathway could reduce this incidence to 15%- 
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20%. To adopt a conservative and realistic estimate, sample size calculation and scenario verification were performed 
assuming proportions of p1 = 0.325 (control group) and p2 = 0.1375 (observation group). Using the formula for 
comparing two independent proportions (two-sided α = 0.05, 1-β = 0.80), the required sample size was approximately 
n ≈ 78 per group (total ≈ 156). Accounting for an anticipated 5%–10% loss to follow-up or incomplete data, a total 
sample size of 160 patients was targeted. The final study included 80 patients per group, meeting the pre-specified power 
requirement. This was a prospective observational cohort study without researcher intervention. From January to 
December 2024, an individualized antiarrhythmic management pathway based on ECG monitor alerts and structured 
response was implemented as an in-hospital quality improvement initiative. Patients with ACS and clinically significant 
arrhythmias who were managed according to this pathway during this period constituted the exposed cohort, or the 
observation group (n = 80). A control cohort (n = 80) was then established by performing 1: 1 propensity score matching 
(caliper width = 0.2 × standard deviation of the logit of the propensity score) from a pool of contemporaneous ACS 
patients with arrhythmias who received conventional management but were not enrolled in the pathway (Figure 2). 
Matching was based on age, sex, ACS type, Global Registry of Acute Coronary Events (GRACE) risk score at 
admission, LVEF, peak hs-cTn level, and comorbidities to minimize selection bias. No statistically significant differences 
were observed in baseline characteristics between the two groups (P > 0.05 for all), confirming their comparability 
(Table 1).

Inclusion Criteria
Patients were required to meet the following criteria: 1) diagnosis of ACS according to established criteria,23 

confirmed by ECG findings, coronary angiography, or dynamic evolution of myocardial injury biomarkers; 2) presence 
of clinically significant arrhythmia, verified by continuous cardiac monitoring, 12-lead ECG, or 24-hour ambulatory 
ECG monitoring after admission; 3) first-onset ACS or hospitalization for an acute exacerbation of pre-existing 
coronary artery disease; 4) presentation to the hospital within 24 hours of ACS symptom onset (≤ 12 hours for 
STEMI patients); 5) an expected survival of ≥ 6 months; 6) age between 18 and 80 years; and 7) provision of written 
informed consent by patients or their legally authorized representative, following approval of the study protocol by the 
hospital’s Ethics Committee.

Figure 1 Conventional vs Monitor-Guided Pathway for Arrhythmia Management in ACS.
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Exclusion Criteria
Exclusion criteria comprised the following: 1) arrhythmias secondary to non-cardiac conditions, such as severe infection, 
hyperthyroidism, electrolyte imbalances, or malignant tumors; 2) pre-admission long-term use of class III antiarrhythmic 
agents (eg, amiodarone, dronedarone); 3) concomitant severe hepatic or renal dysfunction, Killip class IV heart failure, or 
active malignancy; 4) presence of other significant cardiac diseases, including severe valvular heart disease, obstructive 
hypertrophic cardiomyopathy, acute myocarditis, or cardiogenic shock; 5) contraindications to antiarrhythmic drug 
therapy, such as sick sinus syndrome without a pacemaker, second-degree or higher atrioventricular block, long QT 

Figure 2 Patient flow diagram.

Table 1 Comparison of Baseline Characteristics

Characteristic Observation Group (n = 80) Control Group (n = 80) χ2/t/Z p

Sex 0.413 0.521
Male 45 (56.25) 49 (61.25) – –

Female 35 (43.75) 31 (38.75) – –

Age (years) 61.90 ± 8.93 62.49 ± 8.99 0.415 0.679
BMI (kg/m2) 25.09 ± 3.29 24.86 ± 3.34 0.449 0.654

Cardiovascular risk factors

Hypertension 51 (63.75) 52 (65.00) 0.027 0.869
Diabetes mellitus 34 (42.50) 29 (36.25) 0.655 0.418

Dyslipidemia 41 (51.25) 46 (57.50) 0.630 0.427

Previous MI 12 (15.00) 10 (12.50) 0.211 0.646
ACS type 0.689 0.708

STEMI 39 (48.75) 34 (42.50) – –

NSTEMI 26 (32.50) 28 (35.00) – –
UA 15 (18.75) 18 (22.50) – –

(Continued)
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syndrome, or asthma; 6) pregnancy or lactation; and 7) cognitive, psychiatric, or communication impairments that would 
preclude adherence to treatment, completion of questionnaires, or follow-up assessments.

Study Protocols
Shared Management Measures
Both groups received identical foundational ACS management. This included continuous ECG monitoring for all patients 
upon admission (using the Philips IntelliVue MX800 system), revascularization decisions strictly guided by current 
guidelines,1 prompt correction of electrolyte imbalances (particularly serum potassium and magnesium), and regular 
assessment of antiarrhythmic drug safety, incorporating daily QT interval monitoring.

Control Group: Conventional, Experience-Based Management
Patients in this group received standard ACS pharmacotherapy, including dual antiplatelet therapy, anticoagulants, 
statins, β-blockers, and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (ACEI/ARB). 
Antiarrhythmic management was administered at the discretion of the attending physician, based on clinical experience. 
The specific approach involved: ① Review of arrhythmia data from continuous ECG monitoring during routine ward 
rounds (typically once or twice daily); ② Initiation, dose adjustment, or switching of antiarrhythmic drugs primarily 
triggered by patient-reported symptoms (eg, palpitations, dizziness) or significant arrhythmias identified during these 
routine checks; ③ Drug selection referenced the Chinese Expert Consensus on Clinical Use of Antiarrhythmic Drugs,24 

without a standardized protocol for timing or titration; ④ Emergency protocols were followed for hemodynamically 
unstable malignant arrhythmias.

Observation Group: Monitor-Guided, Protocolized Management
In addition to standard ACS care, this group received a structured, individualized antiarrhythmic strategy driven by 
a predefined clinical pathway for ECG monitor alerts: ① Structured alert pathway: A tiered alarm system was 

Table 1 (Continued). 

Characteristic Observation Group (n = 80) Control Group (n = 80) χ2/t/Z p

Arrhythmia type 0.990 0.827

PVC 44 (55.00) 46 (57.50) – –
NSVT 23 (28.75) 20 (25.00) – –

AF/AFL 11 (13.75) 10 (12.50) – –

Others 2 (2.50) 4 (5.00) – –
Heart rate (beats/min) 78.61 ± 13.14 77.23 ± 13.96 0.647 0.518

Systolic blood pressure (mmHg) 136.24 ± 19.45 134.64 ± 20.11 0.512 0.610

Diastolic blood pressure (mmHg) 83.30 ± 11.43 82.75 ± 12.36 0.292 0.771
Serum creatinine (mg/dL) 0.94 (0.68, 1.22) 0.92 (0.64, 1.21) 0.459 0.646

Killip class 0.428 0.807

I 48 (60.00) 52 (65.00) – –
II 25 (31.25) 22 (27.50) – –

III 7 (8.75) 6 (7.50) – –

ST-segment deviation 65 (81.25) 62 (77.50) 0.344 0.558
Elevated cardiac enzymes 73 (91.25) 75 (93.75) 0.360 0.548

GRACE risk score 144.45±25.96 143.31±25.01 0.282 0.778

ACS management strategy 0.573 0.449
Pharmacological therapy 16 (20.00) 20 (25.00) - -

PCI 64 (80.00) 60 (75.00) - -

Abbreviations: BMI, Body mass index; ACS, Acute coronary syndrome; MI, Myocardial ischemia; STEMI, ST-segment elevation myocardial 
ischemia; NSTEMI, Non-ST-segment elevation myocardial ischemia; UA, Unstable angina; PVC, Premature ventricular complexes; NSVT, 
Non-sustained ventricular tachycardia; AF/AFL, Atrial fibrillation/Atrial flutter; GRACE, Global Registry of Acute Coronary Events; PCI, 
Percutaneous coronary intervention.

Therapeutics and Clinical Risk Management 2026:22                                                                          https://doi.org/10.2147/TCRM.S583212                                                                                                                                                                                                                                                                                                                                                                                                       5

Li et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



established: Red alerts (immediate response) included sustained ventricular tachycardia (VT), ventricular fibrillation, 
polymorphic VT, and pauses > 3 seconds. Yellow alerts (response within 30 minutes) included non-sustained VT (NSVT, 
> 5 consecutive beats), frequent premature ventricular complexes (PVC; > 30/hour), and new-onset atrial fibrillation (AF) 
with rapid ventricular response (> 120 bpm). ② Standardized response protocol: For red alerts, nurses immediately 
summoned a physician for bedside evaluation, initiating an emergency management plan within 5 minutes. For yellow 
alerts, the responsible nurse documented and reported the event to a physician, who performed a clinical assessment and 
adjusted therapy within 30 minutes. ③ Individualized drug titration strategy: Antiarrhythmic agents were selected based 
on the predominant arrhythmia: β-blockers were first-line for ventricular arrhythmias, with a stepwise addition of 
amiodarone if response was inadequate. For AF/atrial flutter (AFL), rate control was prioritized using β-blockers or 
amiodarone, selected according to cardiac function. Therapy was dynamically adjusted based on continuous monitoring 
feedback. Efficacy was assessed every 4–6 hours, and treatment was escalated if the target arrhythmia burden failed to 
reduce by ≥ 50%. Therapy was de-escalated for adverse effects (eg, sinus bradycardia < 50 bpm, QTc interval > 500 ms). 
④ Quality control: A dedicated cardiac arrhythmia specialist team reviewed all management daily to ensure strict 
adherence to the clinical pathway. Arrhythmia burden was quantified from continuous ECG monitor data as PVC 
frequency (events per hour), NSVT burden (number of NSVT episodes per 24 hours and longest run), and AF/AFL 
burden (cumulative duration and percentage of monitored time in AF/AFL); the ≥50% reduction criterion was calculated 
relative to the 24-hour baseline preceding treatment initiation. All arrhythmia alerts and classifications were centrally 
reviewed using stored rhythm strips by the dedicated arrhythmia specialist team, and ambiguous events were adjudicated 
by senior cardiologists until consensus was reached.

Outcome Measures
Antiarrhythmic Interventions During Hospitalization
The utilization of pharmacological and non-pharmacological interventions was compared between the two groups. For 
pharmacological interventions, parameters included the usage rates of β-blockers and amiodarone, the rate of combina
tion antiarrhythmic therapy, guideline adherence rate (assessed for both drug selection and dosage), and the overall drug 
adjustment rate (encompassing changes in drug type or dosage due to insufficient efficacy, safety concerns, or empirical 
decisions). In non-pharmacological interventions, the application rates of the following procedures were recorded: 
electrical cardioversion/defibrillation, temporary cardiac pacing, radiofrequency catheter ablation (RFCA), implantable 
cardioverter-defibrillator (ICD) implantation, and cardiac resynchronization therapy (CRT).

Arrhythmia Control and Treatment-Related Adverse Events
Arrhythmia control rates were assessed at two time points during hospitalization: T1 (2 days post-treatment initiation) 
and T2 (7 days post-treatment initiation). The incidence of treatment-related adverse events was also monitored, 
categorized as: ① Hemodynamic abnormalities: Symptomatic bradycardia (heart rate < 50 bpm), atrioventricular 
block, and hypotension (systolic blood pressure < 90 mmHg). ② Electrophysiological abnormalities: Proarrhythmic 
effects, notably marked QTc interval prolongation (> 500 ms) and new-onset malignant arrhythmias such as Torsades de 
Pointes. ③ Organ toxicity: Amiodarone-associated thyroid dysfunction [abnormal thyroid-stimulating hormone (TSH) 
levels], hepatotoxicity [alanine aminotransferase/aspartate aminotransferase (ALT/AST) levels >3 times the upper limit 
of normal], and pulmonary toxicity. ④ Other systemic adverse effects: Fatigue, dizziness, and bronchospasm related to β- 
blockers or calcium channel blockers, as well as gastrointestinal symptoms (nausea, vomiting) potentially associated with 
any antiarrhythmic agent.

Myocardial Injury and Stress Biomarkers
Fasting venous blood samples (5 mL) were collected from the cubital vein of patients in both groups at three time points: 
T0 (within 24 hours before treatment), T1, and T2. The blood samples were placed in vacuum tubes without antic
oagulant, allowed to clot at room temperature for 30 minutes, and then centrifuged at 3,000 r/min for 15 minutes. The 
resulting supernatant serum was carefully separated, aliquoted, and stored at −80°C in an ultra-low temperature freezer 
for subsequent batch analysis. Serum levels of NT-proBNP and hs-cTnT were measured using electrochemiluminescence 
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immunoassay on a Roche Cobas e 801 fully automated analyzer with matched reagent kits (Roche Diagnostics, 
Switzerland). hs-cTnI levels were determined by chemiluminescent microparticle immunoassay on an ARCHITECT 
i2000SR automated immunoassay analyzer with corresponding reagents (Abbott Laboratories, USA). hs-CRP levels 
were quantified via immunonephelometry on a BN ProSpec® fully automated protein analyzer with matched reagents 
(Siemens Healthineers, Germany). All procedures were strictly performed according to the manufacturers’ instructions 
and standardized operating protocols, with internal quality controls implemented throughout.

Cardiac Function Assessment
Transthoracic echocardiography was performed at T0, T3 (1 month after discharge), and T4 (6 months after discharge) 
using a Philips EPIQ 7C color Doppler ultrasound system (Philips, Netherlands; S5-1 probe, frequency 1–5 MHz) by two 
senior sonographers who were blinded to group allocation. With patients in the left lateral decubitus position and under 
synchronous ECG monitoring, the following parameters were measured during quiet respiration: LVEF, LVEDD, 
LVEDVI, and E/e′. All measurements were obtained over three consecutive cardiac cycles and averaged for the final 
analysis.

Quality of Life and Functional Status
Patient-reported outcomes were evaluated at T0, T3, and T4 using both the SAQ and the 6MWT distance. The SAQ25 

comprises 19 items across five domains: physical limitation (PL, 9 items in Question 1), angina stability (AS, 
Question 2), angina frequency (AF, Questions 3–4), treatment satisfaction (TS, Questions 5–8), and Disease 
Perception (DP, Questions 9–11). Items in Questions 1, 3, 4, and 5 are scored on a 1–6 scale, while remaining items 
use a 1–5 scale. Uniformly trained researchers administered the questionnaire in a quiet environment, reading each item 
aloud. Patients responded based on their experiences during the preceding four weeks. Standardized domain scores were 
calculated as: (actual score - minimum domain score)/(maximum domain score - minimum domain score) × 100. All 
domain scores range from 0 to 100, with higher scores indicating better quality of life and functional status. The 
6MWT26 was conducted along a 30-meter straight, flat corridor. Patients avoided vigorous activity for 1 hour and heavy 
meals for 2 hours preceding the test. Starting from a standing position at the corridor’s end, patients received 
standardized instructions: “Please walk back and forth along this corridor as far as possible in 6 minutes. Your goal is 
to cover the maximum distance, but do not run or jog”. Standardized encouragement (eg, “You are doing well, please 
continue”) was provided every minute. The test was immediately terminated if patients developed chest pain, intolerable 
dyspnea, dizziness, or pallor. The total distance walked in 6 minutes was recorded in meters as the primary measure of 
functional exercise capacity.

MACE
The composite MACE endpoint was assessed over the 6-month period following hospital discharge. Components 
included: ① Cardiac death: Death attributable to direct cardiac causes, including acute MI, malignant arrhythmias, or 
heart failure. ② Non-fatal recurrent MI: Defined according to the Fourth Universal Definition of MI,27 requiring a rise 
and/or fall of myocardial injury markers (preferably hs-cTn) with at least one value exceeding the 99th percentile upper 
reference limit, accompanied by clinical evidence of acute myocardial ischemia (eg, ischemic symptoms, new ischemic 
ECG changes, imaging evidence of new loss of viable myocardium, or identification of a coronary thrombus by 
angiography). ③ Rehospitalization for UA or heart failure: Hospital readmission required due to new-onset or worsening 
symptoms of UA or heart failure (eg, dyspnea, edema). ④ Unplanned revascularization: Including either urgent/emergent 
or elective PCI or coronary artery bypass grafting (CABG) performed for recurrent ischemia related to the target or 
a non-target vessel. ⑤ Malignant arrhythmic events: Episodes of hemodynamically unstable sustained ventricular 
tachycardia or ventricular fibrillation, or appropriate ICD therapy delivered for an arrhythmic event.

Statistical Analysis
All statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA). The normality of 
continuous variables was assessed using the Shapiro–Wilk test. Data were presented as mean ± standard deviation (± s) 
for normally distributed variables. Between-group comparisons for these parameters were conducted using the 
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independent samples t-test when the assumption of homogeneity of variance (verified by the Levene’s test) was met; 
otherwise, the the Welch t-test was applied. Within-group comparisons for paired measurements were performed using 
the paired samples t-test. Non-normally distributed data were expressed as M (P25, P75). The Mann–Whitney U-test was 
used for between-group comparisons of such data, while the Wilcoxon signed-rank test was employed for within-group 
comparisons. For analyzing repeated-measures data, repeated-measures analysis of variance was applied if the data met 
assumptions of normality and sphericity. If these assumptions were violated, the non-parametric Friedman test was used 
instead. Post-hoc analyses for multiple comparisons were adjusted using the Bonferroni correction. Categorical data were 
summarized as (n, %) and compared between groups using the Chi-square (χ2) test. A two-sided significance level of α = 
0.05 was predefined for all tests, with a P-value of less than 0.05 considered statistically significant.

Results
Comparison of Antiarrhythmic Interventions During Hospitalization
Significant differences were observed in pharmacological management strategies between the two groups. Patients in the 
observation group demonstrated a significantly higher β-blocker utilization rate, a greater rate of guideline-adherent 
prescribing, and a more frequent rate of drug therapy adjustments compared to the control group (P < 0.05 for all). In 
contrast, the usage rates of amiodarone and the proportion of patients receiving combination antiarrhythmic therapy were 
comparable between the two groups (P > 0.05). Regarding non-pharmacological interventions, no statistically significant 
differences were found in the application rates of any procedures (P > 0.05 for all) (Table 2).

Arrhythmia Control and Treatment-Related Adverse Events During Hospitalization
The arrhythmia control rate in the observation group was significantly higher than that in the control group at T2 (93.75% 
vs 82.50%, P < 0.05). In contrast, no statistically significant difference in control rates was observed between the two 
groups at the T1 assessment (P > 0.05). Regarding treatment-related adverse events, the incidence rates of hemodynamic 
abnormalities, electrophysiological abnormalities, organ toxicity, and other systemic adverse effects were all comparable 
between the two groups, with no statistically significant differences identified (P > 0.05 for all) (Table 3).

Comparison of Myocardial Injury and Stress Biomarkers
No statistically significant differences in the levels of NT-proBNP, hs-cTnI, hs-cTnT, or hs-CRP were observed between 
the two groups at baseline (T0; P > 0.05 for all). At both subsequent time points, T1 and T2, levels of all four biomarkers 
demonstrated significant decreases from baseline values within each group (P < 0.05). Furthermore, the observation 
group consistently exhibited significantly lower levels of NT-proBNP, hs-cTnI, hs-cTnT, and hs-CRP compared to the 
control group at both T1 and T2 (P < 0.05 for all comparisons) (Table 4).

Table 2 Comparison of Antiarrhythmic Interventions During Hospitalization [n (%)]

Intervention Observation Group (n = 80) Control Group (n = 80) χ2 P

Pharmacological therapy

β-blocker utilization rate 76 (95.00) 68 (85.00) 4.444 0.035
Amiodarone utilization rate 27 (33.75) 32 (40.00) 0.671 0.413

Combination therapy rate 18 (22.50) 15 (18.75) 0.344 0.558

Guideline adherence rate 73 (91.25) 58 (72.50) 9.476 0.002
Drug adjustment rate 65 (81.25) 42 (52.50) 14.925 < 0.001

Non-pharmacological therapy

Electrical cardioversion/Defibrillation 5 (6.25) 9 (11.25) 1.252 0.263
Temporary cardiac pacing 1 (1.25) 3 (3.75) 1.026 0.311

RFCA 2 (2.50) 3 (3.75) 0.206 0.650

ICD 1 (1.25) 2 (2.50) 0.340 0.560
CRT 0 (0.00) 0 (0.00) - -

Abbreviations: RFCA, Radiofrequency catheter ablation; ICD, Implantable cardioverter-defibrillator; CRT, Cardiac resynchronization therapy.
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Comparison of Cardiac Function Parameters
No significant differences in LVEF, LVEDD, LVEDVI, or the E/e′ ratio were observed between the two groups at 
baseline (T0; P > 0.05 for all). At both follow-up time points (T3 and T4), both groups showed significant improvement 
from their respective T0 values, characterized by higher LVEF and lower LVEDD, LVEDVI, and E/e′ ratio (P < 0.05 for 
all intra-group comparisons). Notably, the extent of these improvements was significantly more pronounced in the 
observation group compared to the control group at both T3 and T4, with all inter-group differences reaching statistical 
significance (P < 0.05) (Table 5).

Comparison of SAQ Scores
No significant differences in any of the five SAQ domain scores were observed between the two groups at baseline (T0; 
P > 0.05 for all). At the T3 and T4 follow-up assessments, both groups exhibited statistically significant improvements 
from their T0 scores across all SAQ domains, including PL, AS, AF, TS, and DP (P < 0.05 for all within-group 
comparisons). Furthermore, the improvements in the observation group were significantly greater than those in the 
control group at both time points, with all inter-group differences being statistically significant (P < 0.05) (Table 6).

Table 3 Comparison of Arrhythmia Control and Treatment-Related Adverse Event Rates During Hospitalization 
[n (%)]

Outcome Measure Observation Group (n = 80) Control Group (n = 80) χ2 P

Arrhythmia control rate

T1 67 (83.75) 60 (75.00) 1.871 0.171

T2 75 (93.75) 66 (82.50) 4.838 0.028
Adverse event rate

Hemodynamic abnormalities 7 (8.75) 14 (17.50) 2.686 0.101

Electrophysiological abnormalities 3 (3.75) 8 (10.00) 2.441 0.118
Organ toxicity 2 (2.50) 3 (3.75) 0.206 0.650

Other systemic adverse effects 10 (12.50) 9 (11.25) 0.060 0.807

Notes: T1, 2 days post-treatment initiation; T2, 7 days post-treatment initiation.

Table 4 Comparison of Myocardial Injury and Stress Biomarkers

Time Point Observation Group (n = 80) Control Group (n = 80) Z P

T0

NT-proBNP (pg/mL) 1499.00 (1247.00, 1866.50) 1511.50 (1231.00, 1851.50) 0.346 0.729
hs-cTnI (pg/mL) 22.25 (14.45, 31.40) 20.80 (12.90, 30.75) 0.770 0.442

hs-cTnT (ng/mL) 1.60 (1.20, 2.00) 1.55 (1.20, 2.00) 0.048 0.962

hs-CRP (mg/L) 25.20 (21.80, 28.50) 25.50 (22.35, 28.75) 0.456 0.649
T1

NT-proBNP (pg/mL) 796.50 (646.50, 973.00)a 1010.00 (830.00, 1211.00)a 5.291 < 0.001

hs-cTnI (pg/mL) 7.70 (5.00, 11.65)a 11.50 (7.60, 16.40)a 3.978 < 0.001
hs-cTnT (ng/mL) 0.70 (0.60, 1.00)a 0.90 (0.70, 1.20)a 3.702 < 0.001

hs-CRP (mg/L) 15.15 (13.05, 17.35)a 18.45 (15.80, 21.10)a 5.613 < 0.001

T2
NT-proBNP (pg/mL) 299.50 (221.50, 379.00)a 357.50 (269.00, 443.50)a 3.164 0.002

hs-cTnI (pg/mL) 1.90 (1.15, 2.85)a 2.70 (1.60, 4.20)a 2.955 0.003

hs-cTnT (ng/mL) 0.20 (0.10, 0.20)a 0.20 (0.10, 0.30)a 2.336 0.019
hs-CRP (mg/L) 5.20 (3.85, 6.60)a 6.40 (4.55, 8.40)a 3.256 0.001

Notes: aP < 0.05 compared with T0 within the same group. T0, baseline (within 24 hours pre-treatment); T1, 2 days post-treatment; 
T2, 7 days post-treatment. 
Abbreviations: NT-proBNP, N-terminal pro-B-type natriuretic peptide; hs-cTnI, High-sensitivity troponin I; hs-cTnT, High-sensitivity 
troponin T; hs-CRP, High-sensitivity C-reactive protein.
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Comparison of 6MWT Results
No significant difference in the baseline 6MWT distance was observed between the two groups at T0 (P > 0.05). At both 
follow-up assessments (T3 and T4), patients in both groups demonstrated a statistically significant improvement in the 
6MWT distance compared to their own baseline values (P < 0.05). Furthermore, the observation group achieved 

Table 5 Comparison of Cardiac Function Parameters

Time Point Observation Group (n = 80) Control Group (n = 80) t P

T0
LVEF (%) 48.36 ± 5.16 47.89 ± 5.36 0.571 0.569

LVEDD (mm) 53.72 ± 3.73 54.26 ± 3.74 0.923 0.357

LVEDVI (mL/m2) 76.05 ± 7.39 76.65 ± 7.66 0.505 0.614
E/e′ 12.96 ± 2.15 13.16 ± 2.24 0.569 0.570

T3

LVEF (%) 54.26 ± 5.60a 51.49 ± 5.98a 3.029 0.003
LVEDD (mm) 50.57 ± 3.70a 52.51 ± 4.13a 3.117 0.002

LVEDVI (mL/m2) 69.94 ± 6.86a 73.36 ± 7.43a 3.022 0.003
E/e′ 10.25 ± 1.77a 11.09 ± 2.00a 2.809 0.006

T4

LVEF (%) 58.61 ± 5.26a 56.43 ± 5.70a 2.522 0.013
LVEDD (mm) 49.82 ± 3.39a 51.08 ± 4.04a 2.130 0.035

LVEDVI (mL/m2) 67.55 ± 6.49a 69.93 ± 7.39a 2.167 0.032

E/e′ 8.81 ± 1.51a 9.36 ± 1.81a 2.072 0.040

Notes: E/e′, ratio of early mitral inflow velocity to early diastolic mitral annular velocity. T0, baseline; T3, 1 month post- 
discharge; T4, 6 months post-discharge. aP < 0.05 compared with T0 within the same group. 
Abbreviations: LVEF, Left ventricular ejection fraction; LVEDD, Left ventricular end-diastolic diameter; LVEDVI, Left ven
tricular end-diastolic volume index.

Table 6 Comparison of SAQ Scores

Time Point Observation Group (n = 80) Control Group (n = 80) Z P

T0

PL 33.50 (28.50, 39.00) 34.00 (29.50, 40.00) 0.940 0.347

AS 29.00 (24.50, 35.00) 30.00 (25.50, 36.00) 0.830 0.406
AF 31.50 (26.50, 37.50) 32.00 (27.50, 38.00) 0.673 0.501

TS 43.00 (37.00, 50.00) 42.00 (36.00, 50.00) 0.388 0.698

DP 49.00 (44.00, 55.00) 50.00 (45.00, 56.00) 0.905 0.365
T3

PL 71.50 (65.00, 78.00)a 65.00 (58.00, 72.50)a 3.977 < 0.001

AS 74.50 (66.50, 83.00)a 67.00 (58.00, 76.50)a 3.841 < 0.001
AF 76.00 (68.50, 84.00)a 68.00 (61.50, 77.50)a 3.905 < 0.001

TS 78.50 (73.00, 85.00)a 72.00 (65.50, 79.00)a 4.362 < 0.001

DP 77.00 (71.50, 83.00)a 70.00 (63.50, 77.00)a 4.804 < 0.001
T4

PL 85.00 (80.00, 91.00)a 81.00 (74.00, 87.00)a 3.291 < 0.001

AS 92.00 (86.00, 97.00)a 86.00 (79.00, 93.50)a 3.567 < 0.001
AF 92.00 (87.50, 96.00)a 87.50 (82.00, 95.00)a 3.085 0.002

TS 90.00 (85.50, 94.50)a 86.00 (80.00, 92.00)a 3.238 0.001

DP 91.00 (86.00, 95.00)a 86.00 (80.00, 92.50)a 3.484 < 0.001

Notes: T0, baseline; T3, 1 month post-discharge; T4, 6 months post-discharge. aP < 0.05 compared with T0 within 
the same group. 
Abbreviations: SAQ, Seattle Angina Questionnaire; PL, Physical limitation; AS, Angina stability; AF, Angina fre
quency; TS, Treatment satisfaction; DP, Disease perception.
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a significantly longer walking distance than the control group at both the T3 and T4 time points (P < 0.05 for both 
comparisons) (Table 7).

Comparison of MACE Within 6 months Post-Discharge
During the 6-month follow-up period after discharge, the occurrence rate of the composite MACE endpoint was 
significantly lower in the observation group compared to the control group (13.75% vs 32.50%, P < 0.05) (Table 8).

Discussion
This study established a management model centered on an ECG monitor alert-stratified response-stepwise drug titration- 
team-based quality control pathway, built upon a foundation of standardized ACS care. The results demonstrated that, 
compared to conventional experience-driven management, this protocol significantly enhanced the rational initiation and 
timely adjustment of key medications like β-blockers, reduced the time delay from detection to intervention, and was 
associated with superior short-term arrhythmia control; however, given the observational design, residual confounding 
and differences in care intensity cannot be fully excluded. These benefits were paralleled by a more rapid and pronounced 
reduction in biomarkers reflecting three distinct biological pathways: myocardial injury (hs-cTn), hemodynamic stress 
(NT-proBNP), and inflammatory burden (hs-CRP). At the 1- and 6-month follow-ups, the observation group exhibited 
sustained improvements in echocardiographic parameters of left ventricular systolic/filling function and remodeling (eg, 
increased LVEF, decreased LVEDD/VI and E/e′), significantly better patient-reported outcomes across all SAQ domains 
and the 6MWT, alongside a lower incidence of medium-term MACE, a finding that should be interpreted as hypothesis- 
generating, which may reflect the benefits of a structured pathway but may also be influenced by unmeasured 
confounders and differences in care intensity. Collectively, this evidence suggests that the mere presence of monitoring 
is insufficient to confer clinical benefit. The crucial factor lies in integrating monitoring signals into actionable and 
quantifiable management processes, thereby transforming passive recording into an active trigger for intervention. This 
approach achieved multi-dimensional benefits at the organ, molecular, and patient levels without increasing the need for 
invasive procedures or costly equipment.

Regarding the underlying mechanisms, sympathetic activation, dispersion of action potential duration, and repolar
ization heterogeneity during acute ischemia and reperfusion provide a fertile substrate for arrhythmogenesis. Rhythm 
disturbances and tachycardia further exacerbate transient wall stress and filling pressures, induce endothelial dysfunction 
and microcirculatory perfusion fluctuations, and amplify inflammation and oxidative stress, ultimately establishing 

Table 7 Comparison of 6MWT Distances

Time Point Observation Group (n = 80) Control Group (n = 80) t P

T0 301.86 ± 38.96 300.45 ± 39.33 0.228 0.820
T3 398.25 ± 45.04a 375.15 ± 46.80a 3.181 0.002

T4 452.34 ± 43.57a 436.11 ± 45.86a 2.294 0.023

Notes: T0, baseline; T3, 1 month post-discharge; T4, 6 months post-discharge. aP < 0.05 compared with T0 within 
the same group. 
Abbreviation: 6MWT, 6-minute walk test.

Table 8 Comparison of MACE Within 6 months Post-Discharge [n (%)]

MACE Observation Group (n = 80) Control Group (n = 80) χ2 P

Cardiac death 1 (1.25) 2 (2.50) – –

Non-fatal recurrent MI 2 (2.50) 5 (6.25) – –
Rehospitalization for UA/heart failure 4 (5.00) 9 (11.25) – –

Unplanned revascularization 3 (3.75) 6 (7.50) – –

Malignant arrhythmic events 1 (1.25) 4 (5.00) – –
Total MACE 11 (13.75) 26 (32.50) 7.910 0.005

Abbreviations: MACE, Major adverse cardiovascular events; MI, Myocardial infarction; UA, Unstable angina.
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a multi-loop “electrophysiological-hemodynamic-inflammatory” positive feedback cycle.28,29 Integrating ECG monitor
ing with a stratified response protocol essentially interrupts this positive feedback loop at its origin. Predefined trigger 
events, such as NSVT, polymorphic PVC, or new-onset rapid AF, prompt immediate bedside assessment and drug 
titration. This reduces the arrhythmic burden and heart rate-related oxygen consumption, stabilizes blood pressure and 
coronary perfusion, thereby mitigating internal environmental insults. Within this framework, β-blockers play a pivotal 
role in disrupting the sympathetic-electrophysiological cascade. By reducing heart rate and blood pressure, prolonging 
diastole, and improving the myocardial oxygen supply-demand balance and coronary perfusion, they not only directly 
suppress the risk of life-threatening ventricular events but also indirectly reduce cumulative troponin release by 
diminishing triggers and re-entry opportunities during reperfusion. The control of heart rate and load leads to decreased 
chamber wall stress, reflected in the subsequent decline of NT-proBNP. Furthermore, rhythm stabilization and contain
ment of the catecholamine storm can suppress inflammatory amplification, manifesting as a more rapid decrease in hs- 
CRP.8,30 In essence, the monitor-response-titration chain interlinks these three parallel biological pathways, resulting in 
observable, quantifiable, and synergistic short-term biomarker improvements, which translate into mid-term event-free 
survival benefits through the early reversal of structural remodeling.

Comparison with prior evidence highlights the distinct value of our study. While earlier research often focused on the 
impact of whether to implement continuous/telemetry monitoring on the detection rates of malignant arrhythmias and in- 
hospital outcomes,31 our findings emphasize how to translate monitoring into action. This involves creating a closed-loop 
system through standardized alarm thresholds, mandatory response time limits, standardized operating procedures for 
drug titration, and daily team-based quality control, thereby elevating monitoring from an information-gathering tool to 
an integral component of treatment intensity. It is noteworthy that recent randomized and real-world studies have yielded 
conflicting evidence regarding the consistent survival benefit of long-termβ-blocker therapy in revascularized patients 
with preserved LVEF.9–11 However, the benefits observed in our study primarily occurred during intensification and 
optimization at the acute-subacute phase, which does not contradict the concept of individualized de-escalation/reassess
ment in the long term. We advocate for a comprehensive time-stratified + risk-stratified strategy, emphasizing protocol- 
driven titration and achieving target doses during the early phase of high ischemic burden, strong sympathetic drive, and 
rhythm instability to obtain early reversal of structure and function. Subsequently, long-term maintenance or gradual dose 
reduction should be guided by LVEF, heart rate/rhythm status, ischemic burden, and adverse effects, avoiding a one-size- 
fits-all approach to prolonged overtreatment.

Our study also provides clues regarding the modifiability of residual inflammatory risk. Although guidelines are 
relatively cautious about routine monitoring of inflammatory markers such as hs-CRP, growing evidence indicates its 
independent association with short- to medium-term MACE and its complementary value to biomarkers like troponin and 
NT-proBNP in risk stratification.32 The greater and faster reduction of hs-CRP in the protocol-managed group suggests 
that rhythm and load control, potentially by reducing endothelial shear stress fluctuations and improving microcirculatory 
function, may indirectly attenuate inflammatory drivers. This offers a rationale for future exploration of integrated 
inflammation-load-injury risk models to guide personalized follow-up and rehabilitation interventions.33 The consistent 
improvements in functional capacity (6MWT) and patient-reported outcomes (SAQ) align with the imaging benefits, 
indicating a coherent transmission of benefits from the molecular and organ levels to the patient level. Rhythm and heart 
rate stabilization not only improve hemodynamics and energy matching but also translate into patient-perceptible 
symptom relief, enhanced exercise tolerance, and greater treatment satisfaction, aligning with the current direction of 
patient-centered quality improvement.34,35

Regarding clinical generalizability, the proposed pathway is characterized by low barriers to implementation and high 
reproducibility. It leverages existing ECG monitoring platforms and nurse-physician collaborative response mechanisms, 
achieving standardization from alarm to action through parameter thresholds, color-coded alert levels, and time-bound 
nodes, without requiring expensive new equipment or complex algorithms. It is thus applicable in most in-hospital 
settings for ACS patients with clinically significant arrhythmias. For resource-limited primary care or non-cardiology 
specialty hospitals, the key lies in localizing alarm thresholds and institutionalizing team training and daily quality 
control. In well-equipped centers, this pathway could subsequently be enhanced by integrating AI-assisted rhythm 
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identification, noise suppression, and false-alarm reduction to further shorten response times, reduce staff fatigue, and 
improve protocol adherence consistency.

Of course, this study has several limitations that warrant careful consideration. Although propensity score matching 
improves baseline comparability, differences in post-matching ACS care processes (eg, reperfusion timing, infarct size 
surrogates, and intensity of guideline-directed medical therapy such as high-intensity statins) may still exist and could 
influence biomarker trajectories. Accordingly, the observed biomarker changes may partially reflect greater care responsive
ness and earlier risk-factor optimization enabled by the pathway, rather than rhythm control alone. First, its single-center, 
prospective, non-randomized controlled design, while mitigated by baseline equipoise, repeated measurements, and multi
dimensional outcomes, cannot eliminate residual confounding. Second, the pathway incorporates multiple elements (alert 
stratification, timed response, drug titration steps, team quality control), making it difficult to disentangle the independent 
contribution of each component to the final outcomes. Third, some heterogeneity existed in the specific β-blocker agents and 
titration schemes used, which, while guideline-concordant, might dilute the effect size estimation of any single strategy. 
Fourth, the follow-up was primarily up to 6 months, thus the sustainability of hard endpoint and quality-of-life benefits 
requires longer-term assessment. Fifth, the proportion of non-pharmacological rhythm interventions (eg, catheter ablation, 
ICD/CRT) was low in this cohort, limiting the generalizability of our conclusions to populations at high electrophysiological 
risk requiring invasive strategies. These limitations suggest that future research should employ multicenter randomized 
controlled trials to verify whether the differences between standard monitoring + experiential decision-making and proto
colized monitor-guided therapy can be consistently replicated over 1 year or longer. Furthermore, factorial design elements 
could help deconstruct the marginal contributions and identify the minimal effective combination of key components like 
alarm thresholds, response times, titration steps, and quality control frequency.

Based on the current findings, future research could focus on three main directions: First, establishing a time-axis 
strategy (acute phase intensification-subacute phase optimization-long-term de-escalation) for β-blocker therapy, defining 
criteria for when to intensify, maintain, or de-escalate based on LVEF, ischemic burden, rhythm status, and adverse 
effects. Second, developing integrated risk scores combining inflammatory markers (eg, hs-CRP/interleukin-6), load 
indicators (NT-proBNP), injury markers (hs-cTn), and echocardiographic/ECG parameters to explore their value in 
guiding follow-up frequency, rehabilitation prescriptions, and rehospitalization warnings. Third, coupling AI algorithms 
with the existing pathway to evaluate their real-world benefits in reducing false alarm rates, improving intervention 
consistency, shortening response delays, and saving manpower, and observing whether this algorithm-process synergy 
can further reduce MACE and all-cause mortality. Overall, this study demonstrates the potential of the monitoring-guided 
optimization framework with low implementation costs and high reproducibility, providing actionable evidence for the 
bedside management of ACS with concomitant arrhythmias and laying a methodological foundation for subsequent 
randomized trials and quality improvement initiatives.
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