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Background: Patients with acute myocardial infarction (AMI) frequently have hypo-
magnesemia, although magnesium (Mg) has proven cardioprotective characteristics.
Cardiovascular fatality has been linked to low serum Mg levels; however, the exact
mechanism is unknown and results are inconsistent. This study aims to measure the level
of serum Mg among patients diagnosed with AMI.

Methods: One hundred AMI patients who came to the Wad Madani Heart Center
were included in a cross-sectional research study. Demographic data, clinical data
(presenting compliance, medical history, and medication history), laboratory examination,
electrocardiography (ECG) findings, and echocardiography findings were collected. Serum
Mg was measured for all participants, and hypomagnesemia was considered as a serum
Mg level <1.6 mg/dl. Version 21.0 of SPSS was used to analyze the data.

Results: The mean age of 100 patients was 60 + 2 years, with 55 (or 55%) being female
and 45 (or 45%) being male. Chest pain (n = 92; 92%) was the major presenting complaint.
Moreover, the most prevalent heart disease determinants among patients were diabetes
mellitus (n = 50; 50%) and hypertension (n = 50; 50%). The mean of Mg was 2.5 mg/dl,
and hypomagnesemia was found in 10 (10%) patients and significantly associated with
arrhythmia, namely supraventricular tachycardia, (P-value = 0.01). Patients with normal or
low Mg levels (98%) were more likely to be discharged in stable condition, whereas all
fatalities were among patients with elevated Mg levels (2%).

Conclusion: The frequency of hypomagnesemia among AMI patients was 10%. In addition,
hypomagnesemia was significantly associated with arrhythmias (mainly supraventricular
tachycardia).

Keywords: acute myocardial infarction, cardiovascular disease, hypomagnesemia,
prevalence
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1. Introduction

The human body contains magnesium (Mg2+) as
the fourth most common mineral, following calcium
(Ca2+), potassium (K+), and sodium (Na+). It is an
important component of cardiovascular homeosta-
sis and a cofactor in over 300 cellular enzyme
systems [1]. There is prior research establishing a
connection between Mg and the cardiovascular
system [2]. Hypomagnesemia affects 2% of the
general population, but in certain groups, where
there is substantial risk, such as people with
congestive heart failure, the prevalence can reach
53%.
rarely, despite the fact that hypomagnesemia can

Serum Mg is still evaluated somewhat
have both short- and long-term consequences [3].
Variations in blood potassium (K+) levels have
an impact on the automation, repolarization, and
depolarization of tissues, including the Purkinjie
fibers in the heart [4]. Phase 4 of the action
potential is raised in Purkinje fibers due to a drop in
extracellular K, which results in greater automation.
Phase 4 of the action potential occurs when
K ions move through Mg-dependent channels
inward. When Mg is exhausted, this flow’s action
ceases [4]. Cardiovascular disease (CVD) is one
of the leading causes of disease and death
globally. The World Health Organization states that
CVD is an epidemic that is currently occurring
[5]. AMI

of patients presented to the cardiac intensive

patients make up a sizable portion

care unit, so it is critical to track and stratify
their risk. A long-term risk factor for myocardial
infarction (MI) and arrhythmia incidents is hypo-
magnesemia [6]. There are two types of causes
for hypomagnesemia — acquired and hereditary.
The acquired causes include increased renal loss,

redistribution brought on by acute sickness, and

decreased oral intake or Gl absorption [7]. AMI
is a significant health concern in industrialized
countries and is growing in significance as a
concern in underdeveloped countries. Because
free Mg gets trapped in adipocytes after MI, there
is a functional shortage of accessible Mg. It was
shown that the serum Mg level rises progressively
to normal in approximately three weeks after an
acute myocardial infarction (AMI), but is low for
the first 48 hrs [8].

manifestations can range from an asymptomatic

Hypomagnesemia’s clinical

presentation to potentially fatal arrhythmias [9].
According to clinical investigations, patients with
AMI who receive Mg treatment experience about
50% fewer arrhythmias than those who receive
a placebo. In another study, Mg supplementation
during the first 24 hrs after coronary blockage
reduced the index of fatality for the initial year [2].
Mg may be advantageous to Ml through a variety of
pathways, including effects on intracellular calcium,
both aberrant and normal automation, and possibly
even coronary tone [10]. A study by Guipeng et
al. looked into the relationship between major
adverse cardiac events (MACEs) following AMI
and serum Mg concentrations and concluded that
serum Mg was a significant predictor for MACEs
of AMI, after adjustment for other confounding
factors [11]. Serum Mg levels in individuals with
AMI who present within the first 24 hrs were
compared by Vedamanickam et al. AMI patients
had a mean serum Mg level of 1.23 + 0.98
mg/dL, while the control group had a significantly
higher level of 212 + 0.68 mg/dL; therefore,
Mg supplementation might improve the patients’
outcome [12]. Nasim et al. studied the association
between hypomagnesemia and acute coronary
syndrome. This investigation demonstrated that

hypomagnesemia and acute coronary syndrome
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do not significantly correlate [13]. Mg has been
known to have an influence on AMI sequels like
arrhythmias; it also has a significant impact on the
pathophysiology of other cardiovascular disorders
[14]. Serum Mg level, though important, is not a
routine investigation done in all patients with AMI
in our practice. Therefore, this study was designed
to highlight the importance of Mg in the etiology,
prognosis, and all-case morbidity and mortality
of AMI, and even to prompt the role of early
recognition and management of hypomagnesemia
in decreasing intra-hospital and overall cardiac
deaths secondary to IHD, HF, and arrhythmias.
Since there hasn’t been a published study that
in Sudanese AMI

patients to our knowledge, our goal was to find

examines hypomagnesemia

out how common it is and what impact it has on

these individuals.

2. Materials and Methods

This is a cross-sectional study conducted at the
Madani Heart Center between December 2018 and
May 2019.

2. Inclusion criteria

This study included 100 male and female AMI
patients aged more than 18 years who attended
Madani Heart Center during the study period.

2.2. Exclusion criteria

Alcoholic patients, patients with liver cirrhosis,
patients who are known cases of arrhythmias,
patients with chronic diarrhea, patients with
renal impairment, patients with hypokalemia, and

patients on diuretics were excluded.

2.3. Data collection

The lead researcher was in charge of gather-
ing data. Data were gathered using structured
questionnaires following the recruitment of study
participants. The questionnaires were composed
of demographic data, clinical data (presenting
compliance, medical history, and medication his-
tory), electrocardiography (ECG) findings, and
echocardiography findings. To measure serum Mg,
5 ml blood was drawn from study participants
in the emergency room (ER). Serum Mg was
measured using a Roche Cobas c¢ 311 analyzer.
In addition, serum Mg level <1.6 mg/dl was

considered hypomagnesemia.

2.4. Statistical analysis

Version 21.0 of the Statistical Package for the Social
Sciences (SPSS) was used to analyze the data.
Tables and figures are used to display the analyzed
data. As a significance test, a Chi-square test was
employed. A significance criterion of P < 0.05 was
established.

3. Results

Ninety percent of the 100 AMI patients who were
enrolled in this study lived in central locations,
with a mean age of 62 years. Of these patients,
55% were female and 45% percent were male
(Table 1). Chest pain (n = 92; 92%) was the major
presenting complaint, followed by shortness of
breath in 17 (17%) patients and palpitation in 7 (7%)
patients (Figure 1). The most prevalent risk factors
for CVD were diabetes mellitus (DM; n = 50) and
hypertension (n = 50). A prior history of ischemic
heart disease (IHD) was found in 26 patients,

and smoking was found in 9 patients (Figure 2).
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Examination results showed that the mean diastolic
blood pressure was 71.7 + 16.3 mmHg, the mean
systolic blood pressure was 124.6 + 20.2 mmHg,
and the mean pulse rate was 81.6 + 20.7 beats
per minute. In addition, 35 patients had evidence
of heart failure (Table 2). In ECG, 14 patients had
arrhythmia — Right Branch Bundle Block (RBBB)
in 4, supraventricular tachycardia (SVT) in 4, Left
Bundle Branch Block (LBBB) in 3, atrial fibrillation
with rapid ventricular rate (A-fib with RVR) in 2,
and ventricular tachycardia (VT) in 1 patient (Figure
3). Figure 4 shows box-plots of Mg levels with
different arrhythmia patterns among AMI patients

in Sudan. Regarding echocardiography findings,

65 patients had wall motion abnormalities. The
mean ejection fraction (EF) was found to be
50.6 + 10.5%, and 54 patients had reduced EF
(Table 3). The mean of Mg was 2.5 mg/dl, and
hypomagnesemia was found in 10 patients. Table
4 shows the association between Mg levels and
arrhythmias, wherein patients with normal Mg
levels are more likely to have no arrhythmias
(79.1%), and patients with hypomagnesemia are
more likely to have SVT (75%). At P-value = 0.01,
the difference was significant. Figure 5 shows Mg
levels and outcomes, wherein patients with normal
or low Mg levels were more likely to be discharged
in stable condition (98%), whereas all mortalities

were among patients with hypermagnesemia (2%).

TABLE 1: The demographic characteristics of AMI patients (N = 100).

N %
Age; Mean + SD 60 + 2
Gender
Female 55 55.0
Male 45 45.0
Residence
Central 90 90.0
East 9 9.0
West 1 1.0
Presenting complaint

100% 92%

a90%

80% -

70%

60%

500

A0%

30% 4

209 4 17%

H

o% 1
Chest pain [n=92] 508 [n=17] Palpitation [n=7]

Figure 1: Presenting complaints of AMI patients (N = 100). Note: Some patients had more than one dominant symptoms.
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60.00%

50%
50.00% 50%

40.00%
26%
20.00%

10.00% 9%

0.00% I

DM [n=50] HTN [n=50] Previous IHD [n=26] Smoking [n=9]

M Risk Factors for IHD

Figure 2: Distribution of risk factors among AMI patients (N = 100). Note: Some patients had more than one dominant symptoms.

TABLE 2: Examinations of AMI patients at presentation (N = 100).

Pulse rate (bpm); mean + SD

DBP (mmHg); mean + SD

Bar Chart
arrhythmias
RBBE
SVT
60 WT
AF-RVR
LEEE
Mo arrhythmias
£ 40
3
o
[ &)
20
o~
Moraml Hypermagnesemia  Hypomagnesemia

classification of mg level

Figure 3: Arrhythmias detected by ECG among AMI patients during hospital admission.

TABLE 3: Echocardiography findings of AMI patients (N = 100).

Wall motion abnormality

Preserved

Moderately reduced
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Hypomagnesemia=] -

Hypermagnesemia—|

classification of mg level

Morami— — [— —

T T T T T T
RBEB SVT T AF-RWR LBBB Mo arrhythmias

arrhythmias

Figure 4: Box-plots of magnesium level with the different arrhythmia patterns among acute myocardial infarction patients in
Sudan.

TABLE 4: Association between magnesium levels and arrhythmias.

Hypomagnesemia Normal magnesium Hypermagnesemia
level

LBBB 0 3 0 0.647
0.867

VT 0 1 0

Bar Chart
30 Outcome
M death
O uischarge
G0
-
c
3
O 40
20
o
Moraml Hypermagnesemia Hypomagnesemia
classification of mg level

Figure 5: Magnesium levels and patient outcomes.
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4. Discussion

Serum Mg concentrations may return to normal
while a patient is in the hospital, and hypomag-
nesemia linked to AMI may only be temporary.
Moreover, Mg will immediately exit the ischemic
region in an experimental M| caused by coronary
artery ligation [12]. Our goal in this study was
to assess the prevalence and consequences of
hypomagnesaemia in AMI patients. Numerous
studies have found a relationship between Mg
level and the prognosis of coronary artery disease.
Hospitalizations and deaths related to cardio-
vascular disorder were found to be inversely
correlated with serum Mg in the National Health
and Nutrition Examination Survey Epidemiologic
Follow-up Study (NHANES) [11]. In a population-
based sample from northern Germany, hypomag-
nesemia was revealed to be a reliable indicator of
death from heart disease, even after accounting
for cardiovascular risk factors including diabetes
and hypertension [11]. We found in this study
a predominance of females over males (55%
vs 45%). Our results corresponds with a review
conducted by Brenda et al., who found that 56.8%
of AMI patients were females and 43.2% were
males [3]. However, Taha et al., in Sudanese ACS
patients, found a male predominance [14]. In our
study, chest pain (n = 92; 92%) was the major
presenting complaint, followed by shortness of
breath in 17 (17%) patients and palpitation in 7
(7%) patients. Similarly Taha et al., in Sudanese
acute coronary syndrome (ACS) patients, reported
that 97% of patients presented with chest pain
[14]. Hypertension and DM (50% for each) were
the main AMI risk factors among our patients.
This aligns with the results of Ghada et al., who
reported that the most prevalent risk factors among
40 patients were hypertension (52.5%) and DM

(48.7%) [15]. Regarding the examination of AMI
patients at presentation, 35 (35%) patients had
evidence of heart failure. Hypomagnesemia can
negatively impact heart failure by increasing the
risk of arrhythmias, hypertension, vasoconstriction,
and inflammation, and contributes to metabolic
disturbances. It is both a consequence of heart
failure treatment and a factor that can exacerbate
the condition, leading to a cycle of worsening
cardiac function.

In the present study, based on echocardiogra-
phy findings, wall motion abnormalities constitutes
the major finding in 65% of the patients. These
results were similar to those of the Iragi study
conducted by Mohammed et al., which found that
wall motion abnormality was the main echocar-
diography finding in 42% of the patients [16]. The
mean of EF was 50.6 + 10.5%, and the majority of
patients (56%) had reduced EF (<50%), mainly in
the range of 40-50. In the study of Mohammed
et al. in Iraq, left ventricular EF was compromised
in 74% of LBBB patients with associated CAD [16].
Additionally, Ghaffari et al. in Iran showed that left
ventricular EF was low in 80% of CAD-diseased
patients, while in patients with normal EF, only
37% showed CAD [17]. Mg is the second most
abundant ion inside cells and is involved in a wide
range of illnesses, such as heart problems [18].
The serum Mg level has been observed to have
extraordinary importance in AMI [19]. This study
demonstrated that hypomagnesaemia was found
in 10 (10%) patients. This hypomagnesemia rate
matched the research findings of Cristina et al. and
Nasim et al., who reported hypomagnesaemia in
9.8% and 5.3%, respectively [13, 20]. However, our
prevalence was lower than the findings of Taneva
et al,, who indicated hypomagnesaemia in 28%
[21]. The differences in sample sizes, geographic

locations, and methods of use could be the cause
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of these variations in hypomagnesaemia rates.
Considerably, the current study demonstrated
a strong correlation between hypomagnesaemia
and SVT (P-value = 0.01).

was identified in a review by Efstratiadis et al.

Hypomagnesaemia

Tachycardia was the primary symptom, which was
followed by serious arrhythmia and, ultimately,
bradycardia [2]. Our findings showed that lower
Mg2+ levels among AMI patients is associated with
cardiac arrhythmias.

One of the most interesting findings of this study
is that patients with normal Mg levels and those
with hypomagnesaemia were more likely to be
released in a stable state (98%), whereas patients
with elevated Mg levels were the only ones who
died (2%). Several factors can contribute to the
onset of hypermagnesemia during an Ml, including
renal dysfunction, cellular Mg release during the
infarction, and lactic acidosis due to hypoxia, which
can cause Mg to shift from intracellular to extracel-
lular spaces. Hypermagnesemia is associated with
conduction abnormalities, such as bradycardia,
which can either contribute to or worsen the condi-
tions leading to MI. Additionally, hypermagnesemia
may cause excessive vasodilation, leading to
hypotension and reduced myocardial perfusion,
potentially resulting in ischemia.

Our like

prospective populationXbased Rotterdam studies

study contradicts other studies
of Brenda et al. [3], Guipeng et al. [11], and
[12]. which stated that

hypomagnesemia was a significant predictor of

Vedamanickam et al.

MACEs and consequently mortality in AMI. On
the other hand, Cristina et al. do not support
a significant role of low Mg as a predictor
for prognosis and mortality in AMI [20], which
corresponds to the result of our study. The findings
of this study indicate that monitoring and testing

Mg levels are essential for all AMI patients in order

to detect hypomagnesemia, treat it early, maintain

cardioprotectivity, and lower the risk of arrhythmia.

5. Limitations

This study’s single-center design and small sample

size can be considered its limitations.

6. Conclusion

This study concluded that the frequency of
hypomagnesemia among AMI patients was 10%.
In addition, hypomagnesaemia was significantly
associated with arrhythmias (namely, SVT). The
is that all

deceased patients (2%) had hypermagnesemia,

study’s most intriguing conclusion

and patients with normal Mg levels and hypo-
magnesaemia had a higher likelihood of being
discharged from the hospital (98%). It is advised
that more prospective longitudinal multicenter
studies be conducted to assess the impact of Mg
on the prognosis and mortality of patients with AMI

from Sudan.
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Abbreviations and Symbols

ACS: Acute coronary syndrome
AF: Atrial fibrillation

AMI: Acute myocardial infarction
CAD: Coronary artery disease
CVD: Cardiovascular disease
DM: Diabetes mellitus

ECG: Electrocardiography

EF: Ejection fraction

IHD: Ischemic heart disease
LBBB: Left Bundle Branch Block
MACEs: Major adverse cardiac events

NHANES: National Health and Nutrition Examina-
tion Survey

RBBB: Right Branch Bundle Block
SVT: Supraventricular tachycardia
SOB: Shortness of breath

VT: Ventricular tachycardia
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