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ABSTRACT

Electrolyte abnormalities in cardiovascular emergencies are widely studied worldwide as they are mostly found to be associated
with cardiovascular morbidity and mortality. The objective of this study was to compare the serum sodium. potassium, calcium and
magnesium concentrations of normal healthy individuals with first time diagnosed patients of valvular heart disease and myocardial
infarction as well as to evaluate the prognostic value in the severity and outcome of valvular heart disease and myocardial infarction.
Following biochemical tests, the mean serum sodium concentrations in both valvular heart disease and myocardial infarction patients
were significantly (p < 0.05) higher than normal healthy persons. The mean potassium and calcium concentrations in valvular heart
disease and myocardial patients were significantly (p < 0.05) high and low respectively when compared with normal healthy individuals.
In comparison to normal healthy persons, respective groups of valvular heart disease and myocardial infarction patients showed a
non-significant (p = 0.6123) and a significant (p < 0.05) reduction in mean serum magnesium concentrations. Moreover, comparative
analysis of mean serum electrolytes among valvular heart disease and myocardial infarction patients showed a significant low sodium,
high potassium, calcium and magnesium concentrations in contrast to significant high sodium, low potassium, calcium and magnesium

concentrations respectively.
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INTRODUCTION

Cardiovascular Disease (CVD) is one of the leading causes of
morbidity and mortality across the world. World Health Organization
(WHO) has declared cardiovascular disease as a modern epidemic [1].
Even though worldwide, the number of people dying from CVD was
lower in 2016 than the previous years but prevalence of CVD reported
in 2019 showed a significant increase, mainly driven by the way high
blood pressure is defined. The 2017 American Heart Association/
American College of Cardiology hypertension guidelines updated
the definition of high blood pressure as a reading of 130/ 80 mm Hg,
from the previous definition of 140/ 90 mm Hg [2]. It has been shown
that risk factors for CVD such as unhealthy diet, physical inactivity,
obesity, tobacco use, diabetes, raised blood pressure and abnormal
blood lipids are largely similar in high-income countries as in low-
and middle-income countries [3].

Valvular Heart Disease (VHD) is an important cause of morbidity
and mortality [4]. It is caused by either damage or defect in one of
the four heart valves, aortic, mitral, tricuspid or pulmonary. Defects
in these valves can be congenital or acquired. The most common
causes of VHD today are calcific aortic stenosis in the elderly,
cardiomyopathy, postinterventional therapy, infective endocarditis,
patients with connective tissue disorders and rheumatic fever.
Considering the likely increase of the aging population worldwide,
the incidence of acquired VHD is expected to increase [5]. Early
detection and treatment are advocated to allow appropriate timing
of intervention and is expected to save lives, however, a significant
proportion of patients with valve disease present late, when the long-
lasting benefits of intervention are less certain [6].

Myocardial Infarction (MI) is one of the five main manifestations
of Coronary Heart Disease (CHD), namely stable angina pectoris,
unstable angina pectoris, MI, heart failure and sudden death [7,8]
associated with high morbidity and mortality in hospitalised patients
older than 65 years, at a rate of 3 million per year [9]. MI is the
manifestation of myocardial cell necrosis due to significant and
sustained ischemia [3]. The prevalence of MI is higher in men in all
age- specific groups than women. Excluding the industrialized nations
partly, the rates are rising in the developing countries including South
Asia, parts of Latin America and Eastern Europe [10].

Electrolytes such as Sodium (Na*), Potassium (K*), Calcium
(Ca™), Magnesium (Mg*"*) and Phosphate (PO, °) play important
roles in cellular metabolism, energy transformation and in the
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regulation of cellular membrane potentials, especially those of muscle
and nerve cells [11]. Life threatening electrolyte abnormalities have
been known to affect the prognosis and outcome of the disease
status, in different clinical settings. Alterations in the levels of serum
electrolytes have also been associated with increased cardiovascular
morbidity and mortality.

Serum Na*, K*, and Ca™ are the major determinants of
electrophysiological properties of myocardial membrane [12,13]. The
Na*-K* ATPase pump is responsible for preserving the intracellular
K*. Aldosterone and vasopressin stimulate the K* secretion by up-
regulating the luminal Na*-K* ATPase pump and opening the luminal
Na* and K* channels [14].

Ca** jons play a vital role in excitation-contraction of the cardiac
muscle fibres and they are essential in both the cardiac and systemic
vasculature [15].

Serum Mg*™ has been known to influence endothelial function,
inflammation, blood pressure and diabetes but a direct relation with
CHD risk has not been established [16], however, Liao et al. [17] had
reported an inverse relation between serum and dietary Mg** with
CHD risk.

As imbalances of these electrolytes due to different causes can
lead to a significant cardiac life threatening events [18], the present
study was conducted with the aim to assess the serum Na*, K*, Ca**
and Mg** levels in VHD and MI patients to evaluate the prognostic
value and understanding the underlying electrolyte abnormalities
at a very early stage that could be helpful in the management and
prevention of complications in these patients.

MATERIALS AND METHODS

The present comparative study was conducted in the Department
of Physiology, University of Karachi, Karachi, Pakistan, included
total 60 male subjects, aged between 40-75 years. 20 of them were
healthy controls, 20 were patients of VHD and remaining 20 were
MI cases; visited first time to the Cardiac Ward, Civil Government
Hospital, Karachi. A written informed consent was taken from the
participants and ethical approval was taken from the Institutional
Ethical Committee.

Inclusion Criteria: First - time Patients diagnosed clinically by
Physician based on Clinical examination and ECG changes.

Exclusion Criteria: Patients with diabetes mellitus, chronic
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muscle disease, renal disease, recent surgery, implanted pacemaker,
autoimmune disease, arthritis, any inflammatory disease.

Blood samples of all the participants of study were collected
from antecubital vein with all aseptic precautions into heparinized
collecting tubes. Blood samples were allowed to clot at room
temperature for overnight. The serum separated was used for the
estimation of Serum electrolytes (Na*, K*, Ca™ and Mg**) by using
biochemical kits.

The data was analysed with the help of SPSS software, version
22. The descriptive analysis results were interpreted as mean and
standard error. The independent t -test was applied to compare the
difference between controls and cases, p value <0.05 was considered
significant.

RESULTS
Na*

Table 1 shows concentrations of serum Na* in normal healthy
individuals, VHD and MI patients. Serum Na* concentration in
normal individuals ranged from 131.42 - 144.44 mmol/ 1 with
mean 137.27 + 4.11mmol/ . Whereas, in VHD and MI patients its
concentration ranged from 139 - 164.5 and 133.5 - 312.0 mmol/ 1
respectively.

The mean serum Na* concentrations of both VHD and MI patients
i.e. 155.20 + 6.07 and 203.0 + 53.12 mmol/ 1, were significantly higher
(p < 0.05) when compared with mean Na* concentration of normal
persons (Figure 1).

However, VHD patients showed a significant low serum Na*
concentration as compared to MI patients (p < 0.05) (Figure 1).

K+

Serum K* concentrations of normal healthy persons, VHD and
MI patients are given in table 2. The range of serum K* concentration
in normal healthy individuals was 3.1-6.1 mmol/ I with mean 4.34 +
0.96 mmol/ 1, while serum K* concentration between a range of 4.51
- 9.47 mmol/ | with mean value of 7.65 + 1.16 mmol/ | was measured
in VHD patients. In MI patients this range was from 1.2 - 3.7 mmol/
1 with mean 2.82 + 0.68 mmol/ L.

In VHD patients mean serum K* concentration was significantly
higher (p < 0.05) in contrast to MI patients where this value was
significantly lower (p < 0.05) when compared with normal group
(Figure 2).

Whereas, VHD patients’ mean serum K* concentration in
comparison to MI patients was significantly high (p < 0.05) (Figure
2).

Ca++

Table 3 shows concentrations of serum Ca*™ of normal healthy
individuals, VHD and MI patients. In contrast to normal individuals
with a range of serum Ca** concentration from 1.79 - 2.76 mmol/
1 with mean value of 2.15 + 0.24 mmol/ 1, VHD and MI patients
showed this concentration from 1.89 - 2.64 mmol/ | (with mean 2.38
+0.19 mmol/1) and 0.63 - 2.27 mmol/ | (with mean 1.44 + 0.53 mmol/
1) respectively.

The mean serum Ca™ concentration of normal persons in
comparison to mean Ca** concentrations of VHD and MI patients
were significantly higher and lower respectively (p < 0.05) (Figure 3).
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Whereas, VHD patients showed a significantly high (p < 0.05)
mean serum Ca*™ concentration when compared with MI patients
(Figure 3).

Mg++

Table 4 shows serum Mg*™ concentrations of normal healthy
individuals, VHD and MI patients. In normal individuals, serum
Mg** concentrations were measured between 0.69 - 0.98 mmol/ 1
with mean value of 0.82 + 0.09 mmol/ 1 whereas, in VHD patients
this concentration ranged from 0.41 - 0.97 mmol/ | (mean value0.80
+ 0.11 mmol/ 1) and MI patients showed serum Mg** concentration

Table 1: A comparison of serum sodium concentrations (mmol/ I) of Normal
subjects vs VHD and Ml patients.

Subjects N VHD Mi
1 131.42 139 133.5
2 131.42 146.6 136.5
3 132 148.53 139.5
4 132.46 149.57 142.5
5 1335 152.22 151.5
6 135.06 152.53 164
7 135.06 153 169.5
8 135.58 154 170.5
9 135.58 154.35 180
10 136.62 154.6 202.5
11 136.62 157.42 211.5
12 138 158 216
13 138.7 158.56 222
14 139.22 159 228
15 140.8 160 231
16 141.2 160 244.5
17 142 160 253
18 142.34 161 253.5
19 143.4 161.2 298.5
20 144.44 164.5 312

Each value is the serum sodium concentration (mmol/ I)
N = Normal Subjects; VHD = Valvular Heart Disease Patients; Ml = Myocardial
Infarction Patients
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Figure 1: Mean * SE serum sodium concentrations (mmol/ I) of normal
subjects vs VHD and Ml patients
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between 0.29 - 0.72 mmol/ 1 (mean value 0.53 + 0.15 mmol/ I).

A comparison of mean serum Mg** concentrations of VHD and
MI patients to mean serum Mg'* concentration of normal persons
were non - significantly (p = 0.6123) and significantly (p < 0.05) lower
respectively (Figure 4).

However, VHD patients showed a significant high mean serum
Mg** concentration in comparison to MI patients (Figure 4).

DISCUSSION

Electrolyte abnormalities in cardiovascular emergencies mostly

Table 2: A comparison of serum potassium concentrations (mmol/ I) of Normal
subjects vs VHD and Ml patients.

Subjects N VHD M
1 3.1 4.51 1.2
2 3.1 6.02 1.2
3 3.2 6.39 1.8
4 3.3 6.59 23
5 3.5 71 2.6
6 3.8 7.16 2.8
7 3.8 7.23 2.9
8 3.9 7.44 3.1
9 3.9 7.51 3.1
10 4.1 7.56 3.1
11 4.1 8.1 3.1
12 4.3 8.2 3.1
13 4.5 8.32 3.1
14 4.6 8.34 3.2
15 4.9 8.52 3.2
16 52 8.52 3.2
17 5.6 8.57 3.2
18 5.8 8.71 3.2
19 5.9 8.82 3.3

20 6.1 9.47 3.7

Each value is the serum potassium concentration (mmol/ I)
N = Normal Subjects; VHD = Valvular Heart Disease Patients; Ml = Myocardial
Infarction Patients

=
o

Potassium (mmol/l)
O R, N WbHh Ul N 0 WO
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Figure 2: Mean * SE serum potassium concentrations (mmol/ 1) of normal
subject’s vs VHD and Ml patients.
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Table 3: A comparison of serum calcium concentrations (mmol/ 1) of Normal
subjects vs VHD and Ml patients.

Subjects N VHD Mi
1 1.79 1.89 0.63
2 1.84 213 0.63
3 1.94 213 0.65
4 1.97 2.16 0.7
5 1.97 2.3 0.7
6 1.97 2.3 1.25
7 2.07 2.32 1.33
8 2.07 2.35 1.35
9 2.09 2.37 1.45
10 2.14 2.37 1.48
11 2.14 2.44 1.52
12 2.14 2.46 1.52
13 214 2.49 1.56
14 217 2.53 1.82
15 219 2.55 1.85
16 2.22 2.56 1.93
17 2.32 2.56 1.98
18 2.44 2.57 2
19 2.61 2.57 2.08

20 2.76 2.64 2.27

Each value is the serum calcium concentration (mmol/ 1)
N = Normal Subjects; VHD = Valvular Heart Disease Patients; Ml = Myocardial
Infarction Patients

2.5

Calcium (mmol/I)

0.5

Figure 3: Mean + SE serum calcium concentrations (mmol/ 1) of normal
subject’s vs VHD and MI patients

found to be associated with cardiovascular morbidity and mortality.
These cardiovascular effects may occur in the absence of specific
electrocardiographic changes. Moreover, when more than one
electrolyte is deficient the effects may be cumulative.

Despite the fact that hypernatremia developed in geriatric
patients [19], the alterations in serum Na* concentration may be a
useful indicator of CVD risk [20]. In contrast to previous studies
by Hariprasad and Basavaraj [8] and Mandole et al. [21], where
both VHD and MI patients showed hyponatremia (serum Na*
concentration less than 135 mmol/ 1), present study data indicates
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Table 4: A comparison of serum Magnesium concentrations (mmol/ I) of
Normal subjects vs VHD and Ml patients.

Subjects N VHD Mi
1 0.69 0.41 0.29
2 0.69 0.62 0.3
3 0.73 0.75 0.33
4 0.73 0.76 0.38
5 0.75 0.78 0.38
6 0.76 0.79 0.39
7 0.76 0.79 0.39
8 0.78 0.79 0.46
9 0.79 0.82 0.51
10 0.79 0.82 0.52
11 0.8 0.82 0.6
12 0.81 0.84 0.6
13 0.82 0.84 0.61
14 0.86 0.84 0.62
15 0.86 0.85 0.65
16 0.89 0.86 0.67
17 0.92 0.86 0.67
18 0.95 0.88 0.7
19 0.96 0.9 0.72
20 0.98 0.97 0.72

Each value is the serum Magnesium concentration (mmol/ )
N = Normal Subjects; VHD = Valvular Heart Disease Patients; M| = Myocardial
Infarction Patients

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

N VHD Mi

Figure 4: Mean + SE serum magnesium concentrations (mmol/ I) of normal
subject’s vs VHD and Ml patients.

Magnesium (mmol/I)

hypernatremia in VHD and MI patients’ groups i.e. 155.20 + 6.07
and 203.0 + 53.12 mmol/ 1 when compared with normo-natremia
group because with advancing age, not only the ability to dilute and
concentrate urine decreases but a fall in Glomerular Filtration Rate
(GFR) resulted in a pronounced development of hypernatremia [22].
Present study is in accordance with the studies of Liamis et al. [23]
and Naganathan and Al- Dhahir [24], suggesting iatrogenic cause of
significant high level of Na* with the use of osmotic diuretics; further
supported by Wali and Yatiraj [25] observed hypernatremia in Acute
Myocardial Infarction (AMI) patients who were smokers.
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Regarding to serum K* level in MI patients, present study is in
agreement with the studies of Hariprasad and Basavaraj [8] and
Rathore et al. [26] where significant decreased levels of Na* and K*
were found in AMI patients as compared to control subjects; because
of activation of the sympathetic nervous system leading to an influx of
K* from the extracellular to the intracellular body fluid compartments
[27,28]. However, conversely the VHD patients showed a significant
high level of serum K* in comparison to MI patients and normal
group indicating extracellular K* shift or decreased renal K* excretion
[29].

A large number of clinical and In vitro studies have provided
strong evidence that depletion of Ca**, Mg** and PO, "~ can adversely
affect outcome, especially in patients with CVD. Significant low levels
of serum Ca** and Mg'* in MI patients of our data are supported
by the studies of Ramasamy et al. [30] and Kughapriya et al. [31];
indicating an association between hypomagnesemia and hypokalemia
by various mechanisms involving Na*-K* ATPase and Renal Outer
Medullary Potassium (ROMK) channels in the kidneys [32].

On the other hand, relative hypercalcemia and hypomagnesemia
in VHD patients of our study can be attributed to the findings of
Zeng et al. [5], who explained the cell-dependent mechanisms and
signalling pathways resulted in valve biomineralization and the
work of Silva et al. [33] where hypomagnesemia was found to be an
independent predictor of mitral valve calcification and cardiovascular
mortality.

To summarize the above discussion present data showed a
significant high serum Na*, K*; significant low serum Ca** and non-
significant low serum Mg** levels in VHD patients in comparison to
normal subjects. Whereas, MI patients had significant high serum
Na', Ca"; significant low levels of K* and Mg'* when compared with
normal group. However, with reference to the aim of present work,
a significant low serum Na* and significant high serum K*, Ca** and
Mg"* concentrations observed among VHD patients in comparison
to MI patients.

CONCLUSION

Present investigation showed significant changes of serum Na*,
K*, Ca™ and Mg'* levels in valvular heart disease and myocardial
infarction patients involving several pathophysiological mechanisms.
A constant check and correction of serum electrolyte imbalances
in valvular heart disease and myocardial infarction patients could
improve the prognosis and treatment protocols at a very early stage
of heart diseases.
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