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INTRODUCTION:
Acute ST-elevation myocardial infarction (STEMI) is a clinical 
syndrome involving myocardial ischemia, ECG changes and chest 
pain. Myocardial infarction (MI) denition includes conrmation of 

1myocardial ischemic injury with abnormal cardiac biomarkers . Major 
risk factors are dyslipidemia, diabetes mellitus, hypertension, smoking 

2,3and family history . Cardiovascular disorders, particularly STEMI 
and heart failure, are estimated to affect 17.3 million people worldwide 

4,5,6every year . Hyponatremia is a common electrolyte disorder in  
hospitalized patients especially in heart failure, nephrotic syndrome,  
or cirrhosis.

Complications of myocardial infarction include ventricular free wall 
rupture, interventricular septum rupture and acute mitral regurgitation, 
ventricular tachycardias, apical aneurysms, etc,. Hyponatremia is 
common after MI, though may not be a complication, is associated 
with adverse outcome in hospitalized patients. The plasma sodium 
concentrations rise, once the clinical improvement sets in. In acute 
STEMI, baroreceptor activation leads to activation of sympathetic 
nervous system which releases hormones like vasopressin and activate 
renin angiotensin system (RAS). Magnitude of these neuro-hormonal 
changes is related to severity of myocardial damage. The 
neurohormonal activation that accompanies acute myocardial 
infarction is similar to that which accompanies heart failure. 
Hyponatremia is considered as a marker of these hormonal changes 
and may serve as a simple, easily available and cost-effective marker to 
identify patients at high risk, has also been identied as an independent 
predictor of short- term mortality, long- term mortality, and re-

7,8,9hospitalizations because of heart failure . Whether hyponatremia in 
the acute phase of ST segment elevation myocardial infarction is just a 
marker of adverse patients or it is able to exert a direct adverse effect on 
the cardiovascular system is still unknown.
       
With this perspective present study was undertaken to determine the 
prognostic importance of hyponatremia in major adverse cardiac 
events. 

MATERIALS AND METHODS:

94 cases of Acute ST-elevation myocardial infarction (STEMI) 
fullling inclusion and exclusion criteria were enrolled in present 
study after approval of institutional ethics committee. The study was 
undertaken in the Department of Medicine, MGM Medical College & 
Hospital, Aurangabad, a tertiary care hospital conducted from 
November 2020 to November 2022.

Thorough detailed history with details of family, personal and past 
history of comorbities and detailed cardiac as well as physical 
examination was performed. Serum sodium levels were obtained on 
admission(day0), on day1, day2 and day3. Ion selective electrode auto 
analyser (VITROS-5600) was used for determining plasma sodium 
concentrations. 2D echocardiography ndings were also recorded on 
admission.  On the basis of serum sodium status, total 94 cases were 
divided into three groups as follows-

A. Group 1(N=68): patients with normal sodium levels.
B. Group2 (N=10): hyponatraemia on admission. 
C. Group3 (N=16): hyponatremia within 72 hours of admission.
     
Regular follow up was done till 30 days for observing the prognostic 
importance of hyponatremia in the setup of STEMI.

INCLUSION CRITERIA:
1. Anginal chest pain lasting more than 20 minutes with STEMI on 
ECG and elevated CKMB and Troponin levels are taken.

EXCLUSION CRITERIA:
1. Individuals of age < 18 years 
2. Conditions causing hyponatremia eg: head injury, syndrome of 
inappropriate anti diuretic hormone (SIADH), etc,.
3. Patients on drugs causing hyponatremia eg: Thiazide diuretics.
4. All patients diagnosed as acute cardiac event other than STEMI.
5. Patients who are not willing for participation.

STATISTICAL ANALYSIS: 
Data collected compiled in MS EXCEL Sheet 2018. Analysis of Data 
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is done by SPSS Software Version 2.0. Qualitative data tabulated in the 
frequency and percentage form. Quantitative data tabulated in the form 
of Mean, Median, Mode, Standard deviation. Both Qualitative and 
Quantitative data represented in the form of visual impression like Bar 
Diagram. Microsoft word and Excel have been used to generate 
graphs, tables etc.

OBSERVATIONS AND RESULTS:
TABLE:1 Distribution of cases according to age

Table:1 shows maximum number of patients were in the age group 
between 40-60 years i.e., 55% followed by age group >60years i.e., 
28%.

TABLE:2 Baseline characteristics of 94 patients

TABLE: 3 Distribution of cases in terms of mortality in patients 
with severity of hyponatremia.

Table:3 shows maximum mortality is found in patients with severe 
hyponatremia (<130) i.e., 67%.

TABLE:4 Odds ratio for 30day mortality in all groups

Table:4 shows high odds ratio was observed in groups with 
hyponatremia i.e., Group2 i.e., hyponatremia on admission (6.88) and 
Group3 i.e., hyponatremia within 72 hours of admission (4.00).

Table:5 Distribution of baseline characteristics in survivors and 
non-survivors

Table:6 Variables showing independent association with 30day 
mortality.

So, multivariate regression analysis showed that along with other risk 
factors, hyponatremia was the signicant independent predictor of 
30day mortality.

DISCUSSION
In our study maximum number of patients were in the age group 40-60 
years which is 51(55%) of the cases and next highest number of 
patients were found in the age group >60 i.e., 27 (28%). The mean age 
in cases with hyponatremia on admission was 60.617.55years.

10In a similar study by Vikas et al. (2018) , maximum number of cases 
were in the age group of 41-60 years i.e., 106(53%). However, the 
mean age in cases with hyponatremia on admission was 64.719.46 
years, higher than the other cases. However no statistical signicance 
was found in determining older age as a risk factor for hyponatremia. 

In present study,  history of smoking was associated with 26 patients 
(38%) in Group1, 6 patients (60%) in Group2 and 11patients (69%) in 
Group3 respectively. Diabetics were 16(24%) in Group1, 5(50%) in 
Group2 and 5(31%) in Group3 respectively with a p value of 0.204. 
Hypertensives were 14(21%) in Group1, 2(20%) in Group2 and 
3(19%) in Group3 patients respectively.In a similar survey by Vikas et 

10al. (2018) , it was observed that smoking was found to be in 80 patients 
(62 %), 18 patients (13.9 %) and 31 patients (24 %) with a p value of 
0.148 at normal sodium level, hyponatremia upon admission, and 
hyponatremia within 72 hours respectively. The presence of diabetes 
in 27 patients (54 %) at normal sodium levels, 8 patients (16 %) with 
hyponatremia on admission, and 15 patients  (30 %) with 
hyponatremia within 72 hours, with a p value of 0.083. Hypertension 
was found to be in 5 (26.3 %) patients with normal sodium levels, in 8 
(42.1 %) patients with hyponatremia on admission, and in 6 (31.5 %) 
patients with hyponatremia within 72 hours with a p value 0.000. This 
also correlates well with other studies like Sijoy Kurian et al. 

11.(2017) Our ndings of hyponatremic cases were more often 
associated with higher Killip class, which is comparable to Goldberg et 

7,9 12 10al ., Lazzeri et al ., Vikas et al. (2018) .

In our study it was found that survivors' group have mean age of 
51.0±12.44, 18 patients (21%) were females and 66 patients (79%) 
were males, 18 patients (22%) with hyponatremia, 37 patients (44%) 
were smokers, 19 patients (23%) were diabetics, 14 patients (17%) 
were hypertensives, 66 patients (79%) were in Killip class I, 16 
patients (19%) were in Killip class II, 1 patient (1%) in Killip class III 
and 1 patient (1%) in Killip class IV and mean ejection fraction was 
43.23±3.35.   In non-survivors' group have mean age 66.28±6.79, 3 
patients (30%) were females and 7 patients (70%) were males, 8 
patients (80%) with hyponatremia, 6 patients (60%) were smokers, 7 
patients (70%) were diabetics, 5 patients (50%) were hypertensives, 3 
patients (30%) were in Killip class I, 3 patients (30%) were in Killip 
class II, 3 patients (30%) were in Killip class III and 1 patient (10%) 
were in Killip class IV and mean ejection fraction was 41.54±2.72.

Odd's ratio for 30day mortality is higher in groups with hyponatremia 
i.e., Group2 (6.88) and Group3 (4.00) when compared to Group1 i.e., 
( 0 . 0 6 )  s u g g e s t i n g  i n c r e a s e d  r i s k  o f  m o r t a l i t y  w i t h 
hyponatremia.Maximum mortality in our study is observed in patients 
with sodium levels <130mEq i.e., 6(67%) of 9 patients and mortality 
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Age group Years Frequency cases
< 40 16 (17 %)
40 to 60 51 (55 %)
> 60 27 (28 %)
Total 94 (100 %)

Characterist
ics

Normal 
sodium
level(n=68)

Hyponatrem
iaon 
Admission 
(n=10)

Hyponatremia
within 72 hrs
(n=16)

P value

MEAN ±SD, NUMBER (%) OR MEDIAN
AGE(YRS) 51.47±11.9 60.6±17.55 51.56±12.04 F=2.39

P=0.09
MALE 
SEX

53(78 %) 8(80 %) 12(75 %) χ2=0.099 
p=0.951

DIABETE
S

16(24 %) 5(50 %) 5(31 %) χ 2=3.17 
p=0.204

SMOKING 26(38 %) 6(60 %) 11(69 %) χ 2=5.77
p=0.05

HYPERTE
NSION

14(21 %) 2(20 %) 3(19 %) χ 2=0.02
p=0.986

KILLIP 
CLASS

1.25±0.46 1.8±1.03 1.5±0.96 F=3.63 
p=0.03

EJECTION 
FRACTIO
N (%)

44.23±3.10 40.42±1.03 39.70±1.35 F=22.9 
p=<0.00001

Range of Sodium levels in
  hyponatremia patients

No. of patients Mortality

<130 9 6(67%)  
130-134 17 2(12%)
P value=0.007

Survivors Non survivors Odds ratio P value
Group1 66 2 0.06 -
Group2 6 4 6.88 0.01
Group3 12 4 4.00 0.05

Survivors
(N=84)

Non-
survivors
(N=10)

2T or χ P value

Age(yrs) 
(Mean±SD)

51.0±12.44 66.28±6.79 2.71 0.007

Sex- Males-
Females

66(79%)
  18(21%)

7 (70%)
  3(30%)

0.37 0.53

Hyponatremia
(Mean ±SD)

18(22%) 8(80%) 15.32 0.00009

Smoking 37(44%) 6(60%) 0.91 0.33

Diabetes 19(23%) 7(70%) 10.02 0.001
Hypertension 14(17%) 5(50%) 6.15 0.01
Killip class I
II
III
IV

66(79%)
16(19%)
1(1%)
1(1%)

3(30%)
3(30%)
3(30%)
1(10%)

24.09 0.00002

EF (%)
(mean±SD)

43.23±3.35 41.54±2.72 -1.53 0.12

Variable p value
Age 0.007
Sex 0.53
Smoking 0.33
Hypertension 0.01
Diabetes 0.001
Killip class 0.00002
Hyponatremia 0.00009
Ejection fraction 0.12
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with sodium level 131-134mEq was 2(12%) of 17 patients suggesting 
high risk of mortality with increase in severity of hyponatremia.
     

10In their study, Vikas et al. (2018)  noted that survivors' group had 45 
(25.7 %) patients with hyponatremia, 113 (64.5 %) patients with 
smokers, 43 (24.5 %) patients with diabetics, and 11 (6.2 %) patients 
with hypertension. Non survivors' group had 23 (92.5 %) patients with 
hyponatremia, 16 (64.0 %) patients with smokers, 7 (28 %) patients 
with diabetics and 8 (32 %) patients with hypertension. Maximum 
mortality 65.38% (17 of 26 patients) occurred in patients with serum 
sodium levels <130mEq. 16.6% (7 of 42 patients) of total deaths 
occurred in those with serum sodium levels between 131-134mEq. 

Comparison of various risk factors and other variables among survivor 
and non-survivor groups revealed, apart from age, hypertension, 
diabetes, Killip class, and laboratory markers like Troponin and 
CKMB levels, hyponatremia was signicant risk factor in determining 
mortality. Multivariate regression analysis was done among all the 
variables in survivors and non survivors that were signicantly 
associated with mortality. Hyponatremia remained a signicant 
independent predictor of mortality. This was in concordance with 

7,9 10 various other similar studies like Goldberg et al ., Vikas et al. (2018)
11and Sijoy Kurian et al. (2017) .

CONCLUSION:
Non osmotic release of AVP could be associated with early 
development hyponatremia after acute-STEMI. Plasma sodium levels 
may serve as a simple marker to identify patients at high risk. 
Hyponatremia on admission or early development of hyponatremia in 
acute-STEMI patients can be used as an independent predictor of 
30day mortality.
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