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Abstract
Background: Electrolyte abnormalities are common in patients presenting with acute
ST-elevation myocardial infarction (STEMI). Hyponatremia occurring during the early
phase of myocardial infarction is considered an indirect marker of neurohumoral
activation and may indicate poor prognosis. Early identification of high-risk patients
helps in timely risk stratification and management. Objectives: To determine the
E association between hyponatremia during the early phase of acute STEMI and short-term
clinical outcomes including left ventricular dysfunction, complications, and in-hospital
mortality. Methods: This hospital-based observational study included 120 patients
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Tamil Nadu. were used to determine associations, considering p<0.05 statistically significant. Results:

Hyponatremia was observed in 38% of patients at admission and 47% at 24 hours.
Email: Patients aged more than 60 years showed significantly higher prevalence of

mskarthik31@gmail.com |hyponatremia (82%) compared to younger age groups (p=0.003). Among patients with
moderate LV dysfunction, 88% had hyponatremia within 24 hours of admission.
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frequently observed in patients with acute STEMI and is associated with increased
severity of left ventricular dysfunction and higher risk of complications. Moderate to
severe hyponatremia serves as a useful prognostic marker for adverse short-term
outcomes.
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INTRODUCTION

Cardiovascular diseases continue to be the leading cause of mortality worldwide, contributing significantly to global
disease burden and healthcare expenditure [1]. Acute ST-elevation myocardial infarction (STEMI) represents one of the
most severe manifestations of coronary artery disease and is associated with high morbidity and mortality despite advances
in pharmacological and interventional therapies [2]. Early identification of prognostic markers plays an important role in
improving patient outcomes by facilitating prompt risk stratification and appropriate clinical management.

Electrolyte abnormalities are frequently observed in patients hospitalized with acute myocardial infarction. Among these,
hyponatremia is one of the most common disturbances and has been increasingly recognized as a marker of disease severity
[3]. Hyponatremia is defined as serum sodium concentration less than 135 mEg/L and may occur due to dilutional or
depletional mechanisms [4]. In the setting of acute myocardial infarction, hyponatremia is usually dilutional and results
from neurohumoral activation triggered by reduced cardiac output [5].

Acute myocardial infarction leads to decreased effective circulating blood volume, stimulating baroreceptors and activating
compensatory mechanisms such as the renin-angiotensin-aldosterone system, sympathetic nervous system, and arginine
vasopressin secretion [6]. Increased vasopressin secretion promotes water retention in renal collecting ducts, resulting in
dilution of serum sodium concentration [7]. Additional factors such as stress, nausea, pain, use of opioids, and
hemodynamic instability further contribute to increased antidiuretic hormone secretion [8].
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Hyponatremia has been associated with increased mortality in various cardiovascular conditions including heart failure,
acute coronary syndrome, and cardiomyopathy [9]. Several studies have demonstrated that hyponatremia is independently
associated with increased short-term and long-term mortality following myocardial infarction [10]. It is considered an
indirect marker of neurohumoral activation and severity of cardiac dysfunction [11].

Left ventricular dysfunction following myocardial infarction is an important determinant of prognosis. Reduced left
ventricular ejection fraction leads to decreased tissue perfusion and activation of neurohormonal compensatory
mechanisms, thereby contributing to development of hyponatremia [12]. Studies have shown that patients with lower
ejection fraction have higher prevalence of hyponatremia and worse clinical outcomes [13].

Elderly individuals are more vulnerable to hyponatremia due to age-related decline in renal function, reduced glomerular
filtration rate, impaired urinary dilution capacity, and altered hormonal response [14]. Reduced total body water and
increased vasopressin response to osmotic stimuli predispose elderly individuals to electrolyte imbalance even with
minimal physiological stress [15].

Hyponatremia may directly influence myocardial contractility through alterations in intracellular ion exchange
mechanisms. Activation of sodium-calcium exchanger results in increased intracellular calcium accumulation, which may
worsen myocardial injury and predispose patients to arrhythmias and cardiac dysfunction [16]. Hyponatremia may also
promote myocardial fibrosis and ventricular remodeling, thereby contributing to worsening heart failure [17].

Recent studies have highlighted the importance of serum sodium as a simple, inexpensive, and readily available prognostic
marker in acute coronary syndrome [18]. Serial measurement of sodium levels provides valuable information regarding
disease progression and response to treatment [19]. Persistent hyponatremia has been shown to be associated with increased
risk of cardiogenic shock, arrhythmias, and mortality [20].

Early identification of hyponatremia in acute STEMI patients may help clinicians identify high-risk individuals who require
closer monitoring and aggressive management. Timely correction of underlying hemodynamic abnormalities may improve
patient outcomes and reduce complications [21].

The present study aims to evaluate the association between hyponatremia and short-term clinical outcomes in patients with
acute STEMI. The study also examines the relationship between serum sodium levels and left ventricular ejection fraction,
thereby contributing to improved understanding of prognostic significance of electrolyte imbalance in myocardial
infarction.

Objectives:
Primary Objective:
To determine the association between hyponatremia in acute STEMI and short-term clinical outcomes.

Secondary Objectives:

1. To assess relationship between serum sodium levels and left ventricular dysfunction.

2. To determine prevalence of hyponatremia at admission and during hospital stay.

3. To evaluate association between severity of hyponatremia and complications such as LV failure, shock,

arrhythmia, and mortality.

MATERIALS AND METHODS

This hospital-based observational study was conducted in a tertiary care teaching hospital over 18 months. A total of 120
patients diagnosed with acute ST-elevation myocardial infarction based on clinical presentation, ECG findings showing
ST elevation in two contiguous leads, and elevated cardiac biomarkers were included [1]. Patients aged above 18 years
were eligible.

Patients with chronic kidney disease, chronic liver disease, hypothyroidism, adrenal insufficiency, malignancy, and patients
on diuretics were excluded to avoid confounding electrolyte abnormalities [9].

Serum sodium levels were measured at admission, 24 hours, 48 hours, and 72 hours using ion selective electrode method
[5]. Echocardiography was performed at admission and 72 hours to determine left ventricular ejection fraction using
Simpson’s method [7].
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Patients were monitored for complications including left ventricular failure, cardiogenic shock, arrhythmia, heart block,
and mortality. Data were analyzed using SPSS version 23. Chi-square test and Pearson correlation were applied. A p value
<0.05 was considered statistically significant.

RESULTS
Table 1: Age distribution and hyponatremia in a study in a tertiary care teaching hospital in Tamil Nadu

Serum Sodium | <40yrs | 41-50yrs | 51-60yrs | >60 yrs p value
<135 mEg/L at | 3 7 20 12 0.003
admission
<135 mEg/L at | 2 9 24 14 0.002
24 hrs
<135 mEg/L at | 1 5 14 10 0.021
72 hrs

Hyponatremia was more common among elderly patients. At 24 hours, 82% of patients aged more than 60 years had
hyponatremia compared to 22% among patients younger than 40 years. The association between increasing age and
hyponatremia was statistically significant.

Table 2: Serum sodium and LV dysfunction in a study in a tertiary care teaching hospital in Tamil Nadu

EF category Normal sodium | Hyponatremia | p value
Normal EF 30 4 0.001
Mild dysfunction 28 24

Moderate dysfunction 8 26

Patients with moderate LV dysfunction had significantly higher prevalence of hyponatremia compared to patients with
normal LV function. Nearly 76% of patients with moderate LV dysfunction had serum sodium <135 mEg/L.

Table 3: Hyponatremia and complications in a study in a tertiary care teaching hospital in Tamil Nadu

Sodium level | No LV failure Shock Arrhythmia Death
complication

>135 48 6 0 4 0

130-134 10 12 2 2 2

125-129 4 10 4 2 1

<125 0 6 6 2 3

Complications were significantly higher among patients with moderate and severe hyponatremia. Cardiogenic shock and
mortality were predominantly observed among patients with serum sodium <125 mEg/L.

Table 4: Hyponatremia severity and risk of complications in a study in a tertiary care teaching hospital in Tamil
Nadu

Sodium category Risk of complications
Normal sodium 18%

Mild hyponatremia 64%

Moderate hyponatremia | 83%

Severe hyponatremia 100%

The risk of complications increased progressively with severity of hyponatremia. All patients with severe hyponatremia
developed complications during hospital stay.

DISCUSSION

The present study demonstrates a significant association between hyponatremia and adverse clinical outcomes in patients
presenting with acute ST-elevation myocardial infarction. Hyponatremia was observed in a substantial proportion of
patients during the first 24 hours of admission, indicating early neurohumoral activation following myocardial injury.
Similar findings have been reported in previous studies which observed prevalence of hyponatremia ranging from 30% to
50% among patients with acute coronary syndrome [9,10].

Hyponatremia in myocardial infarction is primarily dilutional and occurs as a result of activation of compensatory
neurohumoral mechanisms triggered by reduced cardiac output [6]. Reduced effective circulating volume stimulates
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baroreceptors, leading to increased secretion of vasopressin, activation of renin-angiotensin-aldosterone system, and
sympathetic nervous system stimulation [7]. These physiological responses result in increased water reabsorption and
dilution of serum sodium levels [8].

The present study showed that elderly patients had higher prevalence of hyponatremia compared to younger individuals.
Aging is associated with decline in renal concentrating ability, reduced glomerular filtration rate, and altered hormonal
responsiveness [14]. Increased vasopressin secretion and reduced renal capacity to excrete free water predispose elderly
patients to dilutional hyponatremia [15].

The association between hyponatremia and left ventricular dysfunction observed in the present study is consistent with
previous literature. Patients with reduced ejection fraction had significantly lower serum sodium levels. Reduced cardiac
output results in decreased renal perfusion, which stimulates neurohumoral activation and promotes water retention [12].
Hyponatremia therefore reflects severity of myocardial damage and impaired cardiac function [13].

The present study also observed increased risk of complications such as cardiogenic shock, arrhythmia, and mortality
among patients with moderate and severe hyponatremia. Severe hyponatremia may worsen myocardial contractility by
altering intracellular calcium homeostasis and impairing excitation-contraction coupling in cardiac muscle fibers [16].
Increased intracellular calcium accumulation may lead to increased oxidative stress, myocardial necrosis, and electrical
instability [17].

Hyponatremia may also promote myocardial fibrosis and ventricular remodeling through activation of vasopressin-
mediated pathways [18]. Experimental studies have demonstrated that vasopressin stimulates fibroblast proliferation and
extracellular matrix deposition, leading to structural changes in myocardium [17]. These changes may contribute to
worsening heart failure and reduced cardiac output.

Several clinical studies have reported that early hyponatremia is an independent predictor of mortality following myocardial
infarction [10]. A meta-analysis involving patients with acute coronary syndrome demonstrated that moderate to severe
hyponatremia significantly increases risk of short-term mortality [19]. Persistent hyponatremia during hospitalization has
also been associated with prolonged hospital stay and increased healthcare costs [20].

The present study findings support the role of serum sodium as an inexpensive and easily accessible prognostic marker in
acute myocardial infarction. Measurement of serum sodium is routinely performed in hospitalized patients and does not
require additional resources. Serial monitoring of sodium levels may help clinicians assess disease progression and
response to treatment [21].

Early identification of patients with persistent hyponatremia may allow clinicians to initiate appropriate therapeutic
interventions such as optimization of fluid balance, correction of hemodynamic instability, and close monitoring for
development of complications [18]. Recent studies have suggested potential role of SGLT2 inhibitors in improving sodium
balance and cardiac outcomes in heart failure patients [20].

The findings of the present study emphasize the importance of routine electrolyte monitoring in patients with acute STEMI.
Hyponatremia should not be considered merely a laboratory abnormality but rather a marker of disease severity and poor
prognosis.

Further multicentric studies with larger sample size and long-term follow up are required to establish the role of
hyponatremia as an independent predictor of mortality and major adverse cardiovascular events.

CONCLUSION

Hyponatremia is a common finding in patients with acute STEMI. Elderly patients and those with reduced ejection fraction
are more prone to develop hyponatremia. Moderate to severe hyponatremia is associated with increased risk of
complications including LV failure, cardiogenic shock, arrhythmia, and mortality. Serum sodium measurement can be used
as a simple prognostic marker in acute myocardial infarction.

Strengths and Limitations

This study highlights the usefulness of serum sodium as an early prognostic marker in acute STEMI. Serial measurement
of sodium levels improved understanding of dynamic changes occurring during acute myocardial infarction. However, the
study was conducted in a single center with limited sample size. Long-term follow-up was not performed. Effect of
treatment interventions on sodium correction was not assessed.
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Recommendations

Routine monitoring of serum sodium should be performed in all patients with acute myocardial infarction. Patients with
persistent hyponatremia should be closely monitored for development of complications. Larger multicentric studies are
required to validate the prognostic significance of hyponatremia in myocardial infarction.
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