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Introduction:

Acute coronary syndrome (ACS)—which includes

ST-segment elevation myocardial infarction

(STEMI), non-ST-segment elevation myocardial

infarction (NSTEMI), and unstable angina—is

an umbrella term for life-threatening situations

that occur when the blood supply to the heart is

blocked due to destabilization of a previously

stable atherosclerotic plaque.1,2 ACS can also

manifest as sudden cardiac arrest due to

ischemia-induced tachyarrhythmias3

Hyponatremia commonly occurs in ACS and has

been recognized as a worse prognostic indicator

in patients with STEMI and NSTEMI.4-6 In

addition, hyponatremia is also an independent

predictor of adverse clinical outcomes in

hospitalized patients due to decompensated

heart failure 7

Hyponatremia is a well-known electrolyte

disorder in hospitalized patients and it can make

the prognosis worse depending on their

background.8,9In congestive heart failure (CHF),

hyponatremia is associated with exaggerated

activation of baroreceptor-mediated hormones,

including arginine vasopressin (AVP),

catecholamines and the renin-angiotensin-

aldosterone system.10,11In particular, the

primary mechanism is dilutional hyponatremia

triggered by osmolality independent secretion

of AVP. Baroreceptor mediated hormonal release
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reflects the severity of heart failure, worsens

cardiac remodeling in it-self, and thus could be

one of the independent prognostic factors in

CHF.12,13 In patients with acute myocardial

infarction (AMI), baroreceptor- mediated

hormonal activation is similar to that in patients

with CHF and has a prognostic value.14

In ACS, due to activation of the Baroreceptor,

there is activation of the sympathetic nervous

system. This leads to release of hormones like

vasopressin and also activation of renin-

angiotensin system. Magnitude of these

neurohormonal changes is related to the severity

of the myocardial damage. Hyponatremia is a

reflection of these hormonal changes. So serum

Na+ level may be an indicator of the severity of

STEMI. Whether hyponatremia (sodium <135

mmol/L) in the acute phase of ST-segment

elevation myocardial infarction is just a marker

of “more ill” patients or decreased sodium

concentration is able to exert a direct adverse

effect on the cardiovascular system is still

unknown.15 Hyponatremia, which developed in

the early phase of AMI, has also been recently

advocated as an important prognostic factor in

several studies.5,6,16According to a past study,

the plasma AVP level was significantly higher in

patients who had a fatal outcome after AMI.17The

prevalence and importance of hyponatremia in

patients with acute coronary syndrome in the

era of primary intervention, however, have not

yet been fully established.

The purpose of this study is to find out and to

compare in hospital outcome (Acute LVF,

Cardiogenic shock, Atrial fibrillation, Supra

ventricular tachycardia, Ventricular tachycardia,

Ventricular Fibrillation, AV block (2nd Degree/

3rd degree), Post MI angina, Death) of patients

with ACS with hyponatremia and those with ACS

without hyponatremia who were observed in

coronary care unit, DMCH, Dhaka.

Methods:

This prospective cross-sectional study was

conducted over a period of 1 year from March

2016 to February 2017 at the Department of

Cardiology, Dhaka Medical College Hospital,

Dhaka. Samples were collected by purposive

sampling technique.  The estimated sample size

was 463. As the study was done in a single center

within a limited period of time, so all the available

sample within the study period was included in

the study. The study complied with the

Declaration of Helsinki. Prior ethical approval

was obtained from the ethical review committee

of Dhaka Medical College. Informed written

consent was taken from each patient. All the

acute coronary syndrome patients with or

without hyponatremia presenting to CCU in

DMCH within the study period were included in

the study. Patients with history of any previous

MI, PCI or CABG, valvular heart disease,

congenital heart disease, primary myocardial or

pericardial disease, acute on chronic heart

failure, COPD, end stage renal disease, nephrotic

syndrome, liver disease, chest infection and

bronchogenic carcinoma, stroke, hypothyroidism

and patients on diuretic therapy were excluded

from the study. All the patients with acute

coronary syndrome with or without

hyponatremia admitted in the Department of

Cardiology, DMCH, within the study period and

who fulfilled the other inclusion criteria and

exclusion criteria included as study population

and then the study population was grouped into

2 groups according to on-admission plasma

sodium level. Patients with hyponatremia (Naz

level <135 mmol/L) as Group A and patients with

normal plasma sodium level (Naz  level 135-145

mmol/L) as Group B. Group-A further

categorized into three groups. Group-A1 (Naz

level 130-134 mmol/L), Group-A2 (Na+  level 120-

129 mmol/L) and Group-A3 (Na+  level < 120

mmol/L). Information was collected through

prepared proforma for each patient. Detailed

history including history of present illness, past

illness, drug history and personal history was

taken. Relevant physical examination was done

& recorded. All the patients was treated with

usual treatment protocol of the Institute and

for each patient plasma sodium concentration

are obtained on admission and other relevant

routine investigations including blood glucose,

CK-MB, blood urea, serum creatinine, serum

lipid profile was also measured on admission.

Both the groups were followed up till death or

discharge. Parameters of outcome were recorded

as per study protocol. All statistical analysis was

performed using the statistical package for social
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science (SPSS) program, version 22 for Windows.

Continuous parameters were expressed as mean

±SD and categorical parameters as frequency

and percentage. Comparisons between groups
(continuous parameters) were done by Student’s

t test. Categorical parameters were compared

by Chi-Square test. After hospital follow up,

multivariate regression analysis was used to
evaluate the influence of potential risk factors

on the outcome.  The significance of the results

as determined in 95.0% confidence interval and

a value of p <0.05 will be consider to be
statistically significant

Results:

This cross-sectional comparative study was

conducted in the Department of Cardiology,
Dhaka Medical College Hospital, Dhaka, over a

period of one year from March 2016 to February

2017. The main objective of the study was to find

out the In-hospital outcome of acute coronary
syndrome patients with hyponatremia. A total

of 336 adult patients with acute coronary

syndrome included in the in the study which

were admitted in the department of cardiology,
DMCH within the study period.

In our study male patients were predominant

and constitutes 71.2% in group A and 83.4% in

group B. Maximum patients were in the age

group 41-60 years, mean age was significantly

more in group A than group B (63.6±12.1vs.

54.5±11.1, p<0.05). Highest percentage had the

history of HTN (76.3% vs. 57.4%) followed by

smoking (27.1% vs. 41.4%), DL (18.6% vs. 8.4%),

Diabetes Mellitus (54.2% vs.47.9%) family history

of CAD (22% vs. 16.6%) in group A and group B

respectively(Table-I).Comparison of

hemodynamic profile between two groups

revealed mean heart rate was 90.7±25.0 vs.

85.2±19.8, mean systolic blood pressure

112.5±27.3vs. 117.0±25.1 and mean diastolic

blood pressure 71.8±14.4 vs.75.1±13.3 in group

A than group B respectively and difference were

statistically insignificant. Troponin-I and mean

left ventricular ejection fraction were

significantly low in group A than group B

(14.6±16.2 vs. 8.8±114.1) and (46.51±11.9 vs.

51.15±12.8).Serum creatinine (1.3±0.6 vs.

1.3±0.6) and blood sugar (10.6±4.8 vs. 9.7±4.5)

insignificantly distributed between two groups.

In our study hospital stay was significantly longer

in group A in comparison to group B and that

was11.3±3.80vs. 6.34 ± 2.69 (Table-I).

Inthis study theincidence of acute anterior

STEMI, acute inferior STEMI, NSTEMI and UA

were insignificantly distributed between two

groups (Table-II). In-hospital outcomes of acute

coronary syndrome  patients that death, acute

heart failure, cardiogenic shock were more in

Group A than Group B which is statistically

significant (p<0.05).Other parameters outcome

were almost similarly distributed between two

groups (p>0.05) (Table-III).

Table-I

Demographic parameters of study population (N=336).

Variables Group A Group B p value

Age (Year) 63.6±12.1 54.5±11.1 0.001s

Male 71.2% 83.4% 0.622ns

HTN 76.3% 57.4% 0.586ns

DM 54.2% 47.9% 0.583ns

Dyslipidaemia 18.6% 8.4% 0.354ns

Smoking 27.1% 41.4% 0.154ns

Family H/O of CAD 22% 16.6% 0.908ns

Heart rate (beat/min) 90.7±25.0 85.2±19.8 0.066ns

Systolic BP(mmHg) 112.5±27,3 117.0±25.1 0.145ns

Diastolic BP(mmHg) 71.8±14.4 75.1±13.3 0.087ns

Troponin- I 14.6±16.2 8.8±114.1 0.005s

LVEF% 46.51±11.9 51.15±12.8 0.011s

Random blood sugar 10.6±4.8 9.7±4.5 0.193ns

S. creatinine 1.3±0.6 1.3±0.6 0.511ns

Hospital stay (days) 11.3±3.80 6.34±2.69 0.001s

S- Significant, ns- not significant.
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Table-II

Comparison of clinical diagnosis between two groups (N=336)

Diagnosis Group A Group B p value

(n=59) (n=277)

No. % No. %

Acute anterior STEMI 16 27.1 82 29.6 0.703ns

Acute inferior STEMI 19 32.2 82 29.6 0.692ns

NSTEMI 19 32.2 60 21.7 0.082ns

Unstable angina 5 8.5 53 19.1 0.075ns

Total 59 100.0 277 100.0

S- Significant, ns- not significant

Table-III

Comparison of in-hospital adverse outcome between two groups (N=366).

In-hospital outcome Group A Group B p value

(n=59) (n=277)

No. % No. %

Death 4 6.8 3 1.1 0.005s

Acute heart failure 48 81.4 81 29.2 <0.001s

Cardiogenic shock 19 32.2 43 15.5 0.003s

Post MI angina 3 5.1 5 1.8 0.133ns

Cardiac arrest 1 1.7 1 0.4 0.226ns

Arrhythmia (AF, VT, VF) 9 15.3 27 9.7 0.214ns

Conduction defect 4 6.8 9 3.2 0.202ns

S- Significant, ns- not significant

This study showed in-hospital mortality (0.0%

vs. 10.7% vs. 40.0%), acute heart failure (65.4%

vs. 92.9% vs. 100%) and arrhythmia (15.4% vs.

7.1% vs. 60.0%) increased significantly (Table IV).

With increasing the severity of hyponatremia,

in- hospital mortality and acute heart failure

increased significantly in STEMI in-comparison

with NSTEMI and Unstable angina (Table V)

(Table VI).

Logistic regression analysis of in-hospital

mortality with independent risk factors,

independent variable plasma sodium level was

significantly associated with in-hospital mortality

(â =2.13, P =0.027, OR = 8.388, 95% CI 1.268 -

55.488). Other independent variables not

significantly associated with in-hospital

mortality (Table VII).Logistic regression analysis

of acute heart failure with independent risk

factors, independent variable plasma sodium

level, male sex, hypertension, ejection fraction

and hyponatremia were significantly associated

with acute heart failure. Other independent

variables not significantly associated with in-

hospital mortality (Table VIII).

Table-IV

Comparison of in-hospital adverse outcome with severity of hyponatremia (N=59).

In-hospital outcome Group A p value

Group A1 Group A2 Group A3

(n=26) (n=28) (n=5)

Death 0.0 3(10.7) 2(40.0) 0.011s

Acute heart failure 17(65.4) 26(92.9) 5(100.0) 0.019s

Cardiogenic shock 7(26.98) 12(42.9) 0(0.0) 0.125ns

Post MI angina 2(7.7) 1(3.6) 0 0.681ns

Arrhythmia (AF, VT, VF) 4(15.4) 2(7.1) 3(60.0) 0.010s

Conduction defect 1(3.8) 3(10.7) 0.0 0.496ns
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Table-V

Comparison of   In-hospital mortality in different type of ACS with increasing severity of

hyponatremia (n=59).

Type of ACS Group A (n=59) p value

Group A1 Group A2 Group A3

(130- (120- (<120 mmol/l)

134mmol/l) 129mmol/l)

STEMI (n=35) (n=17) (n=16) (n=2)

Death 0.0 3(18.5) 2(100.0) 0.043s

NSTEMI (n=19) (n=6) (n=11) (n=2)

Death 0(0.0) 1(9.1) 1(50.0) 0.133ns

U. Angina (n=5) (n=3) (n=1) (n=1) -

Death 0 0 0

Table-VI

Comparison of   In-hospital acute heart failure in different type of ACS with severity of

hyponatremia (n=59).

Type of ACS Group A p value

Group A1 Group A2 Group A3

STEMI (n=35) (n=17) (n=16) (n=2)

       LVF 11(64.7) 16(100.0) 2(100.0) 0.022s

NSTEMI (n=19) (n=6) (n=11) (n=2)

       LVF 4(66.7) 10(62.5) 2(100.0) 0.344ns

Unstable angina (n=5) (n=3) (n=1) (n=1)

       LVF 2(66.7) 0(0.0) 1(100.0) 0.329ns

S- Significant, ns- not significant

Table-VII

Logistic regression analysis of in-hospital mortality with independent

risk factors in patients with ACS (N=336).

Independent risk factor β S.E. P value Odd ratio       95% C.I. for EXP(B)

Lower Upper

Age 0.01 0.04 .788 1.010 .940 1.086

Sex- Male -0.71 0.90 .433 0.493 .084 2.893

Hypertension 17.09 2900 .995 263.0 .000 -.

Diabetes -0.72 0.96 .451 0.486 .074 3.172

Obesity -0.32 0.63 .607 0.723 .211 2.482

TroponinIng/ml -0.03 0.02 .146 0.971 .932 1.010

Ejection fraction (%) 0.06 0.05 .164 1.066 .974 1.167

Hyponatremia 2.13 0.96 .027* 8.388 1.268 55.488
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Discussion:

This prospective comparative observational

study was conducted in the coronary care unit

(CCU) of Department of Cardiology, Dhaka

Medical College Hospital, Dhaka, over a period

of one year from March 2016 to February 2017.

The main objective of the study was to find and

to compare in-hospital outcome of acute coronary

syndrome patients with on-admission

hyponatremia admitted in Dhaka Medical College

Hospital during this study period.

For those purpose 336 patients with acute

coronary syndrome were included according to

exclusion and inclusion criteria of which 98

patients were diagnosed as anterior STEMI, 101

patients were diagnosed as inferior STEMI. 79

patients were diagnosed as NSTEMI and 58

patients were diagnosed as unstable angina.

Blood samples were obtained during hospital

admission for measurement of plasma sodium.

Depending of plasma sodium level these patients

were divided into 2 groups. Among 366 patients

59 patients were in group A when plasma sodium

level <135 mmol/l (mean sodium level 127.6±5.3)

and 277 patients were in groups B when plasma

sodium level ≥135 mmol/l (mean plasma sodium

level 140.3±3.5). STEMI, NSTEMI and unstable

angina patients were similarly distributed

between two groups.

In our study male were predominant in both

groups but significantly more in group B which

constituted 71.2% vs. 83.4%. Goldberg et al.5 had

similar pattern of sex distribution in which male

was 71% and 80% in group A and group B

respectively. Maximum patients were in the age

group 51-60 years. Mean age of our patients was

62.6±12 years in group A (range 35-100 years)

and 54.5±11.1 years in group B (range 28-85

years). Similar pattern of age distribution was

reported by Goldberget al.11which was 62±12

years in group A and 59±12 years in group B.

The frequency of hyponatremia in our study was

16.12%. The   frequency of hyponatremia in our

study is higher than the prevalence observed by

Qing Tang et al. in a study with Chinese

population with STEMI and which was 13.1%.17

This difference between two studies may be due

to inclusion of NSTEMI and UA and difference

in size and food habit. Lazzeriet al. observed

23.2% incidence of hyponatremia in acute STEMI

patients.18 Singla et al.3 showed the incidence

of hyponatremia in non-STEMI patients was

23.1%.

ACS patients with hyponatremia (Group A) were

categorized into 3 subgroups in our study. Group

A1 included those patients with plasma sodium

level 130-134mmol/l. Patients with plasma

sodium level 120-129 mmol/l and <120mmol/l

were in group A2 and group A3 respectively.

26(44.1%) patients were in sub-group A1 and

28(47.5%), 5(8%) patients were in sub groupA2,

sub-group A3 respectively. Aziz et al.19conducted

a study in Bangladesh showed 50%, 20% and 15%

hyponatremia in sub group A1, sub-group A2,

sub-group A3 respectively.

Among the important risk factor of coronary

artery disease, hypertension was 45 (76.3%) vs.

132 (47.4%), Diabetes mellitus was 32 (54.2%)

Table-VIII

Logistic regression analysis of acute heart failure with independent

risk factors in patients with ACS (n=336).

Independent risk factors β S.E. p value Odd ratio      95% C.I. for EXP(B)

Lower Upper

Age .000 .012 .994 1.000 .978 1.023

Sex- Male -1.051 .351 .003* .349 .176 .695

Hypertension .659 .293 .024* 1.932 1.089 3.429

Diabetes .346 .290 .232 1.413 .801 2.494

Obesity -.331 .248 .181 .718 .442 1.167

Troponin I ng/ml -.015 .009 .094 .985 .968 1.003

Ejection fraction (%) .056 .011 .000* 1.058 1.034 1.081

Hyponatremia 2.451 .412 .000* 11.598 5.174 26.000
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vs. 105 (37.9%), Dyslipidemia was 11 (18.6%) vs.

32 (1.6%), Smoking was 16 (7.1%) vs. 87 (31.4%),

Family history of coronary artery disease was

13 (22%) vs. 46(16.6%) and obesity was 23 (39%)

vs.  117(42.2%) observed between two groups.

Tada et al. showed similar pattern of risk factors

in his study which were hypertension 21 (72%)

vs. 70 (63%), diabetes mellitus 11 (38%) vs.  47

(42%)  Dyslipidemia 19 (66%) vs. 62 (56%), But

Family history of coronary artery disease and

obesity were not assess in that study.16

The hemodynamic status of the patients of two

groups showed no significant difference. The

heart rate, systolic blood pressure and diastolic

blood pressure between two groups were similar.

Mean value of troponin I was significantly more

in hyponatremia patients (p<0.005). This finding

is supported by Singlaetal.3 In their study of 1478

patients with NSTEMI; they observed a

significant correlation between on-admission

hyponatremia and high troponin level. Other

biochemical parameters were almost similarly

distributed between two groups (p>0.05).

In this study, hyponatremia patients had an in-

hospital mortality rate almost 1.3 times greater

than that of patients with normal serum sodium

level. 4(6.8%) patients died in group A and

3(1.1%) patients died in group B. Lazzeri et al.18

showed in-hospital mortality was 7.7% vs. 3.8%

in STEMI patients with hyponatremia. Singla et

al.3 showed in-hospital mortality was 13.8% vs.

7.5% in non-STEMI with hyponatremia and

Goldberg et al.11observed in -hospital mortality

was 24.1% vs. 9.0% in acute STEMI patients.

In our study severity of acute heart failure (Kilip

class III or more) significantly more in group A

compared to group B (57.6% vs. 22.0%, p<.001).

Tada et al.16shown Kilip class ≥III was 18% vs.

15% between two groups. The severity of acute

left ventricular failure was proportionately

increasing with decreasing level of hyponatremia.

The prevalence of acute heart failure was

significantly more among the STEMI patients

with hyponatremia in comparison to patients

with NSTEMI and Unstable Angina.

In this study left ventricular ejection fractions

was significantly low in hyponatremia patients

in comparison to patients with normal serum

sodium level. Mean ejection fractions was

46.5±11.6% in group A and 51.15±12.8% in group

B which showed significant difference between

two groups. (p=0.011). Qing Tang et al.17 showed

the LV ejection fraction was 51.65±9.05% vs.

54.83±8.95% between two groups of Chinese

patients with STEMI. Goldberg et al.11showed

47±13% vs. 42±13% between two groups STEMI

patients.

In our study duration of hospital stay was

significantly higher in patients with

hyponatremia in comparison to normal plasma

sodium level. Mean duration of hospital stay in

hyponatremia patients was 11.3±3.80 vs.

6.34±2.69. Tada et al.16showed 24.6 vs. 15.2

between two groups which was also significant.

Among the others adverse outcome, cardiogenic

shock (32.2% vs. 15.5%) was significantly higher

(p=0.003) in group A in comparison to group B.

However, post MI angina (5.1% vs. 1.8%),

arrhythmia (15.3% vs. 9.7%) and conductive

defect (6.8% vs. 3.2%) were higher but not

significant between two groups. In this study in-

hospital mortality (0.0 vs. 10.7 vs. 40.0), acute

heart failure (65.4 vs. 92.9 vs. 100.0) and

arrhythmia (14.4 vs. 7.1 vs. 60.0) significantly

increased with increasing severity of

hyponatremia respectively in group A1,group A2,

group A3.  Among the different types of acute

coronary syndrome, in-hospital mortality and

acute heart failure were significantly higher in

STEMI in comparison to NSTEMI and UA.

In present study logistic regression analysis of

in-hospital mortality with independent risk

factors showed low plasma sodium level was

significantly associated with in-hospital

mortality (â =2.13, P =0.027, OR = 8.388, 95% CI

1.268-55.488). In case of acute heart failure,

hyponatremia with other independent risk

factors such as male sex, hypertension, and

ejection fraction were significantly associated

with acute heart failure.

Limitations:

Although the result of this study is statistically

significant and support the hypothesis, there

were some major limiting factors which might

affect the results. The study was conducted in a

single tertiary care hospital with small sample
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size which may not represent the general

population. All the patients with acute coronary

syndrome with or without hyponatremia were

not included due to different contraindications

and co-morbid conditions such as chronic renal

failure, history of previous MI, stroke. The study

did not have the scope of long term follow up, so

morbidity or complication in the long run could

not be determined.

Conclusion:

This study showed patients with on-admission

hyponatremia have more adverse in-hospital

outcome in comparison to patients with normal

plasma sodium level. In-hospital mortality, acute

LVF, cardiogenic shock was frequently occurred

in patients with hyponatremia. With increasing

severity of hyponatremia, the incidence of in-

hospital adverse outcome was also increased and

it was significant in STEMI patients. The

incidence of in-hospital mortality and acute heart

failure increased in STEMI in comparison to

NSTEMI and unstable angina among the

hyponatremia patients with increasing the

severity of hyponatremia. This study suggested

that the presence of on-admission hyponatremia

should alert physicians to an increased risk of

morbidity and mortality. This sub-group of the

patients needs more aggressive treatment,

including appropriate utilization of

cardiovascular diagnostic tests and therapeutics

used in current cardiovascular care to optimize

outcomes.
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