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Abstract

Background: Acute myocardial infarction commonly known as a heart attack, remains one of the
leading causes of mortality and morbidity worldwide, accounting for approximately 9 million
deaths annually. Arrhythmias represent a significant cause of morbidity and mortality in AMI
patients. Early arrhythmic events, particularly VT and VF, often result in sudden cardiac death if
not promptly treated. The incidence of arrhythmias is highest in the first 24 hours following an
AMI, although late-onset arrhythmias can also occur, particularly in patients with larger infarcts or
heart failure. Moreover, arrhythmias may be a marker of more extensive myocardial injury,
influencing long-term prognosis.

Methodology: Patients diagnosed with acute M1 admitted within 14 days of the onset of symptoms
were included in the study. A pre-structured, pilot-tested questionnaire including the basic socio-
demographic information and other relevant clinical markers related to the study was administered
for obtaining the relevant information. For STEMI patients, electrocardiographic (ECG) findings
were used to confirm the diagnosis, while for NSTEMI patients, a combination of clinical features,
ECG evidence, and elevated cardiac troponin I levels during their hospitalization was used for
diagnosis.

Results: The association between arrhythmias and the Killip class classification, p-value suggests
that there is no statistically significant association between arrhythmias and the Killip class, and the
distribution of arrhythmias in relation to the presence or absence of heart failure showed that the
occurrence of arrhythmias is not strongly related to whether heart failure is present or absent in the
study population.

Conclusion: Early detection and appropriate management, including pharmacological therapies and
device-based interventions, are critical to improving patient outcomes and reducing the risk of
sudden cardiac death. The role of early reperfusion and personalized treatment strategies is
increasingly recognized in minimizing arrhythmic complications.
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INTRODUCTION

Acute myocardial infarction (AMI), commonly known as a heart attack, remains one of the leading
causes of mortality and morbidity worldwide, accounting for approximately 9 million deaths
annually. * AMI occurs when there is a sudden blockage in one or more of the coronary arteries,
leading to ischemia and necrosis of the myocardial tissue. As the heart muscle suffers from oxygen
deprivation, a range of electrophysiological disturbances can arise, most notably arrhythmias.
Arrhythmias in the context of AMI are not only common but are often life-threatening. They range
from minor disturbances, such as premature ventricular contractions (PVCs), to severe, potentially
fatal arrhythmias, including ventricular tachycardia (VT) and ventricular fibrillation (VF). 2 The
pathophysiological basis for arrhythmias in AMI is complex, involving both structural and electrical
alterations in the heart tissue. Understanding these mechanisms is crucial for clinicians to
effectively manage arrhythmic events and mitigate the risks associated with them.

The development of arrhythmias during AMI is multifactorial, with ischemic injury playing a
central role in disrupting the normal electrical conduction of the heart. Myocardial ischemia alters
the resting membrane potential of cardiomyocytes, impairs ion channel function, and causes
repolarization abnormalities. This creates a vulnerable substrate for arrhythmia generation,
especially in the infarcted zone and surrounding border areas, where ischemia-induced
heterogeneity in conduction velocity and refractoriness promotes mechanisms like reentry. 3
Reentry occurs when a depolarization wave repeatedly circulates around the infarcted region,
leading to sustained arrhythmias such as VT and VF. *

The autonomic nervous system (ANS) plays a critical role in modulating arrhythmic activity during
AMI. Both sympathetic and parasympathetic pathways can influence the heart’s electrical activity,
and an imbalance between these systems is often seen in patients with AMI. Sympathetic over-
activation is typically observed during the acute phase of AMI, which can enhance automaticity and
increase the incidence of arrhythmias. ® Conversely, parasympathetic dysfunction can reduce the
ability of the heart to counteract these arrhythmias. The interplay between sympathetic and
parasympathetic activity, along with the direct effects of ischemic injury, creates a highly
arrhythmogenic environment.

Arrhythmias represent a significant cause of morbidity and mortality in AMI patients. Early
arrhythmic events, particularly VT and VF, often result in sudden cardiac death if not promptly
treated. The incidence of arrhythmias is highest in the first 24 hours following an AMI, although
late-onset arrhythmias can also occur, particularly in patients with larger infarcts or heart failure. ©
Moreover, arrhythmias may be a marker of more extensive myocardial injury, influencing long-
term prognosis.

Effective risk stratification is critical for identifying patients at high risk for arrhythmias and sudden
cardiac death. Several factors influence arrhythmic risk, including infarct size, the location of the
infarction, and the presence of co-morbidities such as diabetes, hypertension, or pre-existing heart
failure. Patients with larger infarcts or those with significant damage to the left ventricle are at
higher risk for developing life-threatening arrhythmias. 7 Additionally, prompt reperfusion therapy,
typically achieved through thrombolysis or percutaneous coronary intervention (PCI), plays a vital
role in reducing arrhythmic complications by limiting myocardial damage.

The management of arrhythmias in AMI patients is complex and requires a multi-faceted approach.
Initial treatment focuses on stabilizing the patient and managing the underlying ischemia.
Antiarrhythmic medications such as beta-blockers and amiodarone are commonly used to control
arrhythmias, reduce sympathetic drive, and prevent the occurrence of life-threatening arrhythmic
events & Beta-blockers, in particular, have been shown to decrease the incidence of early
arrhythmias and improve survival rates in AMI patients by reducing myocardial oxygen demand
and limiting infarct expansion. 3

MATERIALS AND METHODS
A hospital-based cross-sectional study conducted at a tertiary care hospital in Northern India over a
period of nearly two years, from September 2022 to August 2024.The study included 80 patients
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who were admitted with acute myocardial infarction (MI) within 14 days of the index event to the
Critical Care Unit (CCU). Convenient sampling method was used to select patients who met the
inclusion criteria during the study period. Patients diagnosed with acute MI, as evidenced by
electrocardiographic findings and elevated cardiac troponin | levels (for NSTEMI cases), admitted
within 14 days of the onset of symptoms were included in the study after taking written informed
consent from each study subject. However, Patients with severe valvular heart disease or a history
of previous implantable cardioverter-defibrillator (ICD) implantation were excluded from the study.

Study Tool: A pre-structured, pilot-tested questionnaire including the basic socio- demographic
information and other relevant clinical markers related to the study was administered for obtaining
the relevant information.

Methodology: After obtaining ethical approval and informed consent, all patients admitted
consecutively to the CCU with a confirmed diagnosis of acute MI were included. For STEMI
patients, electrocardiographic (ECG) findings were used to confirm the diagnosis, while for
NSTEMI patients, a combination of clinical features, ECG evidence, and elevated cardiac troponin |
levels during their hospitalization was used for diagnosis.

Monitoring: All patients underwent continuous ECG monitoring throughout their CCU stay.
Classification of Arrhythmias: The arrhythmias observed in the patients were categorized based
on type and severity, including major or minor arrhythmias, bradyarrhythmias or tachyarrhythmias,
and whether they were supraventricular or ventricular.

Heart Failure Classification: Patients were classified according to the Killip classification system
as follows:

Class I: No signs of pulmonary or venous congestion

Class I1: Moderate heart failure, characterized by rales at the lung bases, S3 gallop, tachypnea, or
signs of right-sided heart failure, including venous and hepatic congestion

Class I11: Severe heart failure with pulmonary edema

Class 1V: Cardiogenic shock

This classification helped in assessing the severity of heart failure in the patients during their
hospital stay.

RESULTS
Table 1: Demographic Distribution of study subjects according to Age

Age  Frequency  Percentage

< 40 years 2 2.5
41-50 years 6 7.5
51-60 years 23 28.7
61-70 years 28 35.0
>70 years 21 26.3

Table 1 shows the demographic distribution of study subjects based on age. The largest group of
participants (35%) falls within the 61-70 years age range, followed by the 51-60 years group at
28.7%. The 71 years and older group makes up 26.3% of the study, while the 41-50 years group
represents 7.5%. The smallest group is those under 40 years, comprising only 2.5% of the total
participants. This suggests that the study predominantly involves older adults, with fewer younger
participants represented, indicating a focus on middle-aged and senior populations.
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Fig 1: Demographic Distribution of study subjects according to Gender

Gender

(19, 23.7%)

= Males
m Females

(61, 76.3%)

Majority of the study subjects were males (76.3%) while 23.7% were females

Fig 2: Distribution of study subjects according toValvular Heart Disease
VHD

(23, 28.7%)

m Present
m Absent

(57, 71.3%)

Valvular heart disease was present in 28.7% of study subjects while it was not seen in majority
(71.3%) of study subjects.

Majority of study subjects had NSTEMI (72.5%) while only 27.5% had ST segment elevated
Myocardial infaraction.

Table 2: Distribution of study subjects according to Trop | and Procedure

Troponin |
Positive 69 86.3
Negative 11 13.7
Procedure
No Procedure 66 82.5
Thrombolysis 14 17.5

Table 2 presents the distribution of study subjects according to Troponin I levels and the procedure
they underwent. In terms of Troponin | status, 69 subjects (86.3%) tested positive, indicating a
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significant majority, while 11 subjects (13.7%) were negative for Troponin I. Regarding the
procedure performed, 66 subjects (82.5%) did not undergo any procedure, while 14 subjects
(17.5%) received thrombolysis. This suggests that most participants had elevated Troponin | levels,
and a significant portion of the study population did not require or receive any procedural
intervention, with a smaller group undergoing thrombolysis.

Table 3: Distribution of study subjects according to according to KILLIPS
classification

KILLIPS 1 67 83.8
KILLIPS 2 8 10.0
KILLIPS 3 3 3.7
KILLIPS 4 2 2.5

Table 3 shows the distribution of study subjects according to the Killip classification, which is used
to assess the severity of heart failure after a myocardial infarction (heart attack). In this study, the
majority of subjects fall under Killip 1 (83.8%), indicating no or mild heart failure symptoms. A
smaller portion of the population is classified as Killip 2 (10%), which denotes moderate heart
failure. Killip 3, representing severe heart failure with pulmonary edema, includes 3.7% of the
subjects, and the least represented group is Killip 4 (2.5%), indicating cardiogenic shock. This
distribution suggests that most participants experienced mild symptoms, with a much smaller
percentage having more severe heart failure classifications.

Diagnosis

(22, 27.5%)

uSTEMI
ENSTEMI

(58, 72.5%)

Fig 3: Distribution of study subjects according to Diagnosis

Table 4 Association between Arrhythmias and the Killip class classification

Frequency | Percentage | Frequency | Percentage
KILLIPS1 |38 56.7 29 43.3
KILLIPS2 |5 62.5 3 375
KILLIPS3 |2 66.7 1 33.3 0.4362
KILLIPS4 |2 100 0 0

Table 4 shows the association between arrhythmias and the Killip class classification, including the
frequency and percentage of subjects with arrhythmias present or absent in each Killip class.
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« For Killip 1 (mild heart failure), 38 subjects (56.7%) had arrhythmias, while 29 subjects (43.3%)
did not.

« In Killip 2 (moderate heart failure), 5 subjects (62.5%) had arrhythmias, and 3 (37.5%) did not.

« For Killip 3 (severe heart failure), 2 subjects (66.7%) had arrhythmias, and 1 (33.3%) did not.

« In Killip 4 (cardiogenic shock), all 2 subjects (100%) had arrhythmias, and none had an absence of
arrhythmias.

The table also provides a Chi-square test value (x2 = 1.96) with a p-value of 0.4362. This p-value
suggests that there is no statistically significant association between arrhythmias and the Killip
class, as the p-value is greater than the typical significance threshold of 0.05. This indicates that the
presence or absence of arrhythmias does not appear to be strongly linked to the severity of heart
failure, as classified by the Killip scale.

Table 5: Arrhythmias in the Context of Heart Failure

: Frequency | Percentage | Frequency | Percentage

Present 6 75.0 2 25.0 1.342 0.337
Absent 43 59.7 29 40.3

Table 5 presents the distribution of arrhythmias in relation to the presence or absence of heart
failure and includes the corresponding Chi-square test statistic and p-value.

e Among subjects with heart failure present, 6 subjects (75%) had arrhythmias, while 2 subjects
(25%) did not.

o For subjects with heart failure absent, 43 subjects (59.7%) had arrhythmias, and 29 subjects
(40.3%) did not.

The Chi-square value is 1.342, with a p-value of 0.337. This p-value is greater than the typical
significance threshold of 0.05, indicating that there is no statistically significant association between
the presence of arrhythmias and heart failure. In other words, the occurrence of arrhythmias is not
strongly related to whether heart failure is present or absent in the study population.

DISCUSSION

Arrhythmias in acute myocardial infarction (AMI) are a major cause of morbidity and mortality,
significantly influencing patient outcomes. The pathophysiology underlying these arrhythmias is
complex and multifactorial, involving both ischemic injury to the myocardium and alterations in the
electrical properties of cardiac cells.

This discussion highlights key findings and interpretations from the analysis of arrhythmia patterns
in AMI, examines the mechanisms contributing to arrhythmogenesis, and explores clinical
implications, limitations, and potential avenues for future research.

Mechanisms of Arrhythmia in Acute Myocardial Infarction

AMI is primarily caused by the rupture of an atherosclerotic plaque and the subsequent formation of
a thrombus, which occludes the coronary artery and leads to myocardial ischemia. The extent and
severity of the ischemic damage play a central role in the development of arrhythmias. In the
infarcted zone, myocardial cells lose their normal electrical properties due to damage to ion
channels and the depletion of ATP, leading to altered resting membrane potentials, delayed
repolarization, and heterogeneous conduction as seen in study done by Zipes & Jalife in 2014. °
These disturbances create a substrate for reentrant arrhythmias, particularly ventricular tachycardia
(VT) and ventricular fibrillation (VF), which are often precipitated by ischemia in the peri-
infarction zone.

The role of reentry in arrhythmogenesis is well established, as ischemic tissue exhibits a gradient of
conduction velocities, with some areas of the myocardium experiencing slowed conduction and
others undergoing complete blockade. This difference in conduction properties facilitates the
creation of reentrant circuits, which can lead to sustained arrhythmic events, such as VT or VF.
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Additionally, triggered activity resulting from early and delayed after depolarizations (EADs and
DADs) can initiate arrhythmias. These abnormal depolarizations, particularly in the setting of
intracellular calcium overload, are commonly observed in infarcted myocardium and contribute to
arrhythmogenesis, especially in patients with larger infarcts similar to findings of Kallergis &
Pappas in 2013. 0

Furthermore, abnormal automaticity—the phenomenon by which ischemic cells or non-pacing
myocardial cells become spontaneously excitable—can also drive arrhythmias. This is particularly
common in regions adjacent to the infarcted tissue, where there is a gradient of ischemic damage
that leads to aberrant electrical activity as seen in Zipes & Jalife study in 2014. °

Clinical Implications of Arrhythmias in AMI

The clinical significance of arrhythmias in AMI is profound. Early arrhythmias, particularly VT and
VF, are major contributors to sudden cardiac death (SCD), a condition that remains the leading
cause of mortality in AMI patients as quoted in Lloyd-Jones et al. study also in 2021. !
Arrhythmias often manifest in the early hours following an infarction, with a peak incidence during
the first 24 hours. 12 Therefore, continuous electrocardiographic (ECG) monitoring during this
critical period is essential to detect life-threatening arrhythmias early and initiate prompt
interventions such as defibrillation, antiarrhythmic therapy, or pharmacologic interventions.
Moreover, arrhythmias are not limited to the acute phase of AMI; they can also occur during the
recovery phase, particularly in patients with extensive myocardial damage, heart failure, or
structural heart abnormalities. Patients with left ventricular dysfunction (e.g., reduced ejection
fraction) are at higher risk of developing late arrhythmias, which are often associated with worse
long-term outcomes as quoted by Prutkin & Kontos in their study done in 2020. 2 In these patients,
strategies such as implantable cardioverter-defibrillators (ICDs) may be considered to prevent SCD,
especially in those with an ejection fraction < 35% following an infarction.

In addition to life-threatening arrhythmias, less severe arrhythmias such as premature ventricular
contractions (PVCs), atrial fibrillation (AF), and bradyarrhythmias are common in AMI and can
lead to hemodynamic instability, further complicating the clinical course. These arrhythmias often
indicate underlying myocardial injury and can worsen outcomes if not managed appropriately. *
Therefore, comprehensive arrhythmia management—including pharmacologic and device-based
therapies—is critical to improving both short-term and long-term outcomes.

Risk Stratification and Management

Risk stratification is crucial in identifying patients who are at high risk for arrhythmias and tailoring
treatment strategies accordingly. Several factors influence arrhythmic risk in AMI, including the
size and location of the infarction, electrolyte imbalances, autonomic nervous system dysfunction,
and the presence of co-morbid conditions such as heart failure and diabetes. For example, patients
with large anterior wall infarctions or extensive damage to the left ventricle are at significantly
higher risk for developing life-threatening arrhythmias as seen in study done by Goldberger et al. in
2019. * The assessment of left ventricular ejection fraction (LVEF) remains one of the most
important prognostic markers in AMI patients, as reduced LVEF correlates with an increased
likelihood of arrhythmias and SCD.

Early reperfusion therapy, achieved through either thrombolysis or percutaneous coronary
intervention (PCI), is a cornerstone of AMI management and significantly reduces the incidence of
arrhythmias by limiting the extent of myocardial damage. However, reperfusion arrhythmias, such
as those triggered during the restoration of blood flow, can occur and require immediate attention
similar to findings of Buddhavarapu et al. in 2020. °

The use of anti-arrhythmic drugs, such as beta-blockers, amiodarone, and lidocaine, can be
beneficial in controlling arrhythmias during the acute phase. Beta-blockers, in particular, have been
shown to reduce the incidence of early arrhythmias, prevent reinfarction, and improve survival by
decreasing myocardial oxygen demand. 2 In patients with high-risk features, ICDs provide an
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effective means of preventing sudden cardiac death by detecting and terminating malignant
arrhythmias such as VF or sustained VT.

Recommendations:

1. Implement Early and Continuous ECG Monitoring: Continuous electrocardiographic
monitoring should be implemented from the onset of symptoms in AMI patients to detect
arrhythmias early, allowing for prompt intervention and better prognosis.

2. Use Risk Stratification Models: Adopt comprehensive risk stratification models to identify
patients at high risk for arrhythmias, such as those with larger infarcts, reduced ejection fraction, or
previous arrhythmic episodes. This will help guide treatment decisions.

3. Promote Early Reperfusion Therapy: Ensure timely reperfusion through thrombolysis or
percutaneous coronary intervention (PCI) to limit infarct size and reduce the incidence of
arrhythmias, particularly in the first 24 hours after AMI.

4. Integrate Autonomic Nervous System Assessment: Monitoring autonomic balance, including
heart rate variability and baroreceptor sensitivity, could improve understanding of arrhythmic risk
and help in tailoring therapies, such as the use of beta-blockers or other antiarrhythmic agents.

5. Encourage Use of Beta-Blockers: Use beta-blockers early in the management of AMI to reduce
sympathetic drive and lower the incidence of early arrhythmic events, improving patient outcomes
and survival rates.

Limitations:

1. Limited Sample Size: A small sample size may limit the statistical power of the study, reducing
the ability to detect significant differences in arrhythmia patterns and outcomes, especially for rare
arrhythmias.

2. Single-Center Study Bias: If the study is conducted at a single institution, the findings may not
be representative of diverse patient populations or care settings, limiting generalizability to other
regions or hospitals.

3. Inconsistent Monitoring Protocols: Variations in arrhythmia monitoring protocols, such as the
duration and type of ECG monitoring, could lead to inconsistent detection of arrhythmias,
potentially underestimating the true incidence of arrhythmias in AMI patients.

4. Lack of Long-Term Follow-Up: Without long-term follow-up, the study may fail to capture
late-onset arrhythmias or long-term arrhythmic complications, which are crucial for understanding
the full scope of arrhythmia risk post-AMI.

5. Confounding Factors: The influence of co-morbidities (e.g., diabetes, hypertension, heart
failure) and medications on arrhythmia development may not be fully accounted for, introducing
confounding factors that could skew the results.

6. Variability in Treatment Approaches: Differences in treatment protocols for arrhythmias,
including the use of anti-arrhythmic drugs, catheter ablation, or ICDs, could lead to variability in
outcomes, making it difficult to draw broad conclusions about the effectiveness of specific
interventions.

CONCLUSION

In conclusion, arrhythmias remain a significant cause of morbidity and mortality in acute
myocardial infarction (AMI), with mechanisms such as reentry, triggered activity, and abnormal
automaticity contributing to their development. Early detection and appropriate management,
including pharmacological therapies and device-based interventions, are critical to improving
patient outcomes and reducing the risk of sudden cardiac death. The role of early reperfusion and
personalized treatment strategies is increasingly recognized in minimizing arrhythmic
complications. Ongoing research into arrhythmia mechanisms and innovative therapeutic
approaches will be key to enhancing the care and survival of AMI patients in the future.
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