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ABSTRACT
Background: Myocardial infarction(MI) is a dreadful complication of cardiovascular disease causing
increasing mortality worldwide. Sudden cardiac deaths occur worldwide at rates of around 3 million
peryear. Electrolyte imbalances after an episode of acute MI are common. Clinical importance of these
imbalances in ST elevation Myocardial Infarction (STEM]I) in the era of primary intervention has not
been fully understood.
Objectives: To determine the pattern of dyselectrolytemia in post MI patients and to compare the
electrolyte levels among MI and non-MlIpatients.
Materials & Methods: This was a retrospective case control study including 50 consecutive acute MI
patients admitted to the coronary care unit and 50 controls. Plasma sodium, potassium and chloride
levels were obtained in all MI patients within 48 hours of admission. Patient history, physical
examination, drug history and laboratory results were recorded by chart abstraction.
Conclusion: Hypokalemia and hyponatremia were fairly common findings among acute MI patients.
Serum chloride levels showed no particular pattern or significant difference among the two groups.
Key Words: Myocardial infarction, Serum chloride, Serum creatinine, Serum potassium, Serum
sodium. '

INTRODUCTION major determinants of electrophysiological

Acute myocardial infarction (AMI) is  properties of myocardial membrane. Electrolyte
one of the most common diagnosis made in imbalances after an episode of AMI are
hospitalized patients in industrialized countries. common. Clinical importance of these
Itis a growing cause of death worldwide. Sudden ~ jmbalances in ST elevation myocardial
cardiac deaths occur worldwide at rates of infarction (STEMI) in the era of primary

around 3 million per year." Serum Sodium, interventionhasnotbeen fully understood.”

potassium and chloride are considered to be The sarcolemma, which in the resting
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the action potential dependent on Na', K" and
Ca’.”

Several electrolyte changes have been
reported to follow AMI. These electrolyte levels,
being modifiable hold an important role in
altering the prognosis of such myocardial
infarction (MI) patients.

The T wave changes commonly found in
the ECG of MI patients are attributed to changes
in potassium levels. Potassium homeostasis is
critical to prevent the adverse events in patients
with cardiovascular disease."

|

The prevalence and role of
hypokalemia, in myocardial ischemia and
MI in particular, has been under investigation for
a long time.”” Although controversial
hypokalemia in patients with AMI is thought to
predict increased in-hospital morbidity,
particularly arrhythmias and mortality.” Several
studies have shown association between
hypokalemia, even mild hypokalemja' with
increased occurrence of cardiac arrhythmias in
AMI patients.” Hypokalemia defined as serum
potassium levels <3.5 mmol/l is portrayed as a
determinant of excessive morbidity in such
patients, particularly malignant ventricular
arrhythmia.” Hypokalemia was even found to be
associated with larger infarcts.” It is important
to find the relation between mean post admission
potassium levels and the clinical outcomes, as
these potassium levels are potentially modifiable
during hospitalization. Recent guidelines
suggest that K levels should be monitored and
routinely replaced in patient with heart failure
and MI, even if initial K' appears normal.”
Potassium levels of > 4.5 'mmol/l are also
associated with increased mortality and are to be

avoided.”

The total body potassium levels in body is
3500 mmol, out of which 98 % is intracellular.
Its main regulation is by the renal excretion and
shift between the intracellular and extracellular
compartments .’ Mainly the sodium potassium
ATPase pump is responsible for preserving the
intracellular potassium. Aldosterone and
vasopressin stimulate the potassium secretion

" by up regulating the luminal Na K ATPase pump

and opening the luminal Na'and K' channels.”

" The sudden cardiac death after MI (death

within 1 hour) is due to the interplay of
perturbations of the environment at the level of
myocytes and purkinje fibres, that are mainly
regulated by electrolyte imbalances and
autonomic nervous system activity.” The
therapeutic doses of beta 2 adrenergic agonist in
inhalation or injectable form, and also insulin
are known to reduce the serum potassium
levels."
Serum sodium imbalance has been also
recordedin early phase of MI in some studies.””
Hyponatremia defined as serum sodium
concentration <135 mmol/l is relatively
common among patients hospitalized with acute
MI." Some studies have shown that
hyponatremia is linked to poor outcomes in
patients with STEMI and non ST elevation
coronary syndromes, and the risk of mdrtality
increased with severity of hyponatremia."”

A study done earlier by Flear et al found
that decreased serum chloride levels to be a
common finding among acute MI patients."”
The pattern and prevalence of these electrolyte
imbalances in the era of primary intervention is

yet to be fully described, in rural areas. This
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study was taken up to determine the prevalence
and pattern of dyselectrolytemia, and in-hospital
mortality in early phase of MI.

OBJECTIVES

1. Study the pattern dyselectrolytemia in both
casesand controls.

2. Compare the electrolyte imbalance among
cases and controls.

3. Detect the percent of electrolyte changes in
cases with acute MI and controls without MI.

MATERIALAND METHODS

This study was a Retrospective case
control study. Cases: included 50 clinically
diagnosed consecutive cases of AMI. The
patients were all registered and admitted due to
MI pain the Coronary care unit of R.L Jalappa
Narayana Hrudayalaya hospital during 3 months
(Feb - Apr 2010). MI was diagnosed if a patient
presented with chest pain > 20 min, had ST
segment changes in ECG and plasma CK MB
elevation. The cases included 13 female
patients, with an average age of 52 + 12 yrs.

Controls: Data was obtained from
subjects OPD cards and hospital registers who
came for regular checkups, minor surgeries and
without myocardial disease, or systemic
ailments that affect electrolytes. Data of 50 age
and sex matched non infarct individuals with an
average age of 49 =+ 15 yrs was taken during the
same 3 month period. Subjects were all
registered or admitted to the R.L Jalappa
Hospital.

Exclusion criteria - Patients with renal
insufficiency were excluded based on serum

creatinine levels and hyperglycemic MI patients

were excluded. Known cases of liver failure,
chronic vomiting, diarrhea patients, malignancy,
adrenal insufficiency and hypertensive patients
on potassium sparing diuretics were excluded
based on history.

Study material - Data was collected from
the hospital records of Coronary Care Unit of
Narayana Hrudayalaya unit in R.L Jalappa
Hospital, Kolar. Data obtained for the study
included: Electrolyte levels (Sodium,
Potassium, Chloride) measured within 48 hours
of admission, RBS, blood urea, serum
creatinine, along with clinical history, physical
examination history and drug history by chart
abstraction. All the biochemical analysis was
done in the RLJ Hospital central lab using Ion
selective electrodes (ISE) standard methods.

Sodium levels < 135 mEqg/L by 48 hrs
after hospitalization was considered as
hyponatremia. The upper limit being 145
mmol/l. The normal range for potassium was
taken as 3.5-5.1 mmol/l and chloride levels of
98-107mmol/l. Routine quality checks were
followed during analysis for quality assurance.

The study was approved by the
Institutional Ethical Committee of Sri Devaraj
Urs Medical College, Kolar. In order to apply
independent t-test to a study data, the minimum
sample size required is 30 cases and 30 controls.
Hence total of 100 samples were taken in this
study .

For the statistical analysis, SPSS package
was used in the study. All values were expressed
as mean + SD. Continuous variables were
compared using student 't' test. For all analysis 'p'
value < 0.05 was defined as significant. Non
parametric test -Fischer Exact test was applied to
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the data to assess the significance of difference.
Shapiro Wilks test was applied to test the
normality of distribution of data.

RESULTS

In our study the average age of the
cases were 58.75+12 years. Around 36% were
found to be hypokalemic among the MI patients
with a p value of <0.001 for hypokalemia.
(Table 1) The lowest level being 2.6 mmol/l.
(figl)

In cases the average sodium levels was
135+ 5.17 mmol/l . 43% of all MI patients were
found to be hyponatremic. (fig 2) When
compared to the control group, the
dyselectrolytemia was significant with p value
<0.05 for hyponatremia. Chloride levels showed
no significant difference among the two groups.

Of the 50 cases, 6 patients expired
eventually while hospitalized showing a
mortality rate of 3%. Among these mortalities 3
were hyponatremic and 3 were hypokalemic.
The control group had no reported mortality.

DISCUSSION

Electrolyte imbalances are fairly
common in the acute phase of the MI patients.
When measured within 48 hours of admission,
the sodium and potassium levels were found to
be significantly reduced in our study when
compared tonon-infarct controls.

Hypokalemia was evident in a large
number of patients. Only one patient with
MI had hyperkalemia in the range of
52m Eq/l. In MI, hypokalemia has been
found to be associated with an increased
risk of ventricular tachycardia and ventricular

fibrillation."” Hypokalemia prolongs ventricular
repolarization, often with prominent U waves.”
The incidence of ventricular fibrillation has
been found to be five-fold higher in patients
with a low serum potassium.”’ Skeletal muscle
acts as a reservoir pool for potassium,
maintaining potassium in vital organs such as
the heart and brain. This hypokalemia is mostly
due to the stress induced  catecholamine
response (predominantly epinephrine from the
adrenal medulla) that function as hormones, in
such patients causing increased K uptake into
cells.*'¥ The beta 2-adrenoceptor agonists
stimulate Na'/K' pump mediated potassium
uptake in skeletal muscles of experimental
animals and humans.”’A study done by Goyal et
al found the hospital mortality in MI patients to
be the least in patients with potassium levels of
(3.5-4.5mmol/l), thus showing a relation
between the hospital mortality and mean post
admission levels." Hyperkalemia too has been
shown to be associated with reduced ventricular
excitability and other causes of cardiac arrest,
like sinus arrest and complete block.

Similar studies done by Goldberg et al
observed that hyponatremia on admission or
during the first 72 hours of hospitalization in
STEMI was independently associated with
increased 30-day mortality riskand more post-
discharge re-admission for heart failure and
death in long-term follow-up. It was similarly
found that

associated

hyponatremia was more often
with increased morbidity and
mortality in MI patients."”" The risk of in-
hospital mortality is found to increase with the
severity of hyponatremia."" The relation
between the development of hyponatremia and
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Table 1: Mean values of parameters of cases and controls

Parameter Controls Cases ‘p’ value
Age 55.44+15.5 58.76+12.21 0.234
Sodium 137.5+2.79 135+5.17 <0.05*
Potassium 4.224+4.45 3.66+0.56 <0.001%**
Chloride 99.7+1.41 101+7.8 0.301
* Statistically significant
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the time of myocardial injury seems to be
important, because as the time from acute injury
increased, the prognostic relation with
hyponatremia became less significant."” MI
patients with hyponatremia were also found to
have lower ejection fraction, when compared to
non- hyponatremic patients.”""

Astudy conducted by Flear et al titled MI
defined hyponatremia as below 135 mmol/l
found 45 % of infarcted patients to have

hyponatremia, and associated increased

mortality." Similarly in our study 43 % of MI
patients were found to have hyponatremia.
Hyponatremia could probably be attributed to
the non osmotic secretion of vasopressin,
impairing the water excretion causing dilutional
hyponatremia. AVP or vasopressin is known to
regulate vascular tone and cardiac contraction
and may adversely affect cardiac hemodynamics
and myocardial remodeling.”’ Sodium is freely
filtered by the glomerulus, 70-80% gets
reabsorbed in the proximal tubule, 20-25 % 1n
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the loop of henle, in the distal tubules the
interaction between the aldosterone with the
coupled Na” K" and Na" H" exchange systems
directly results in the reabsorption of Na from the
remaining 5- 10 % of the filtered load. Flear et al
had hypothetized that the hypoxia and cardiac
ischemia increased the cell membrane
permeability to sodium ions, activation of
sympathetic nervous system ,and rennin
angiotensin system."” None of the patients were
found to be hypernatremic in laboratory results.
The association of hyponatremia or
hypokalemia with early presentation in acute
MI, may alert the the clinician about the
acuteness andseverity ofpatients illness, since
these attributes constitute as substrates for
emergence of complications in acute MI

patients.

CONCLUSION

* Hypokalemia was evident in a large number
of patient in the early phase of AMI, mostly due
to the catecholamine response in such patients.
Its has been associated with ventricular
arrhythmias and increased mortality in post MI
patients.

* Hyponatremia was a fairly common finding
among acute MI patients, probably attributed to
the non-osmotic secretion of vasopressin.

* Serum chloride levels showed no particular
pattern or significant difference among the two
groups.

No specific pattern was observed in the
chloride level imbalance. The clinicians are
advised to closely monitor these electrolyte
changes and correct them as they seem to have

adverse effects on the disease outcome.

ACKNOWLEDGEMENT

1) Dr. Deepthi Kiran, Assistant Professor,
Department of Community Medicine, SDUMC,
Kolar.

2) Dr Harish R, Post graduate student ,
Department of Biochemistry, SDUMC, Kolar
for the technical and statistical assistance.

REFERENCES:

1. Jeldsen K K. Hypokalemia and sudden
cardiac death. Exp Clin Cardiol 2010;15
(4):96-99

2.TadaY, Nakamura T, FunayamaH, Sugawara
Y, Ako J, Ishikawa S, Momomura S. Early
development of hyponatremia implicates short
and long term outcomes in ST elevation acute
myocardial infarction. Circ J 2011;75:1927-
1933.

3. Fauci AS, Braunwald E, Isselbacker KJ,
Wilson JD, Martin JB, Kasper DL, et al. ST
elevation myocardian infraction. In Harrisons
principles of internal medicine, 17" ed. USA:
McGraw Hill Companies, 2012;P1532.

4. Goyal A, Spertus J A, Gosch K,
Venkitachalam L, Jones P G, Berghe G V D,
et al. Serum potassium levels and mortality in
acutemyocardial in Jan farction. JAMA
2012;307(2):157-164.

5. Xianghua F, Peng Q, Yanbo W, Shigiang L,
Weize F, Yunfa J. The relationship between
hypokalemia at the early stage of acute
myocardial infarction and malignant
ventricular arrhythmia. Heart 2010;96:196.

6. Madias J E, Shah B, Chintalapally G,
Chalavarya G, Madias N E. Admission serum
potassium in patients with acute myocardial

J Clin Biomed Sci 2012 ; 2 (4) 173



Esha Mati et al

infarction: its correlates and value as a
determinant of in
2000;118:904-913.
7. Nordrehaug J E. Malignant arrhythmia in
relation to serum potassium in acute myocardial
infarction. Am J Cardio 1985;56(6):20-23.

8. Cohn JN, Kowey PR, Whelton PK, PrisantL
M. New Guidelines for Potassium replacement

hospital outcome. Chest

in Clinical Practice, A Contemporary Review by
the National Council on Potassium in clinical
practice. Arch Int Med 2000;160:16.

9. Mac Donald J E, Struthers A D. What is the
optimal serum potassium level in cardiovascular
patients. J Amc Cardio 2004;43(2):155-161.

10. Goldberg A, Hammerman H, Petcherski S,
Zdorovyak A, Yalonetsky S, KapeliovichM, et
al. Prognostic importance of hyponatremia in
acute ST elevation myocardial infarction. The
Am JMed2004;117(4):242-248.

11. Tang Q, Hua Q. Relationship between
hyponatremia and in hospital outcomes in
chinese patients with ST elevation myocardial
infarction. Internmed 2011;50:969-974.

12. Flear C T G, Hilton P. Hyponatremia and
severityand outcome of myocardial infarction .
BMJ 1979;1:1242-1246.

13. Solomon R J, Cole A G. Importance of
Potassium in Patients With Acute Myocardial
Infarction. Acta Medica Scandinavica
1981;209:87-93.

14. Kaltofen A, Lindner K H, Ensinger H,
Ahnefeld F W. The modification of the
potassium concentration in blood by
catecholamines. A literature review. Anasth
Intensivther Notfallmed 1990;2(6):405-410.

15. Singlal, Zahid M , Good CB, Macioce A,
Sonel A F. Effect of hyponatremia on outcome
of patients in non ST elevation acute coronary
syndrome. Am J Cardiol 2007;100:406-408.

Source of Support: Nil  Conflict of Interest: Nil

174 J Clin Biomed Sci 2012 ; 2 (4)



