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Summary

Congestive Heart Failure (CHF) is associated with biochemi-
cal evidence of electrolyte imbalance including magnesium
deficit, which may increase myocardial electrical instability,
risk of malignant arrhythmias and sudden death. The aim of
this study was to determine serum magnesium concentration
in 45 patients (Group I; 24 male, 21 female; the average age
49.7 years) with CHF, New York Heart Association (NYHA)
Class II, III who were treated with lisinopril [Angiotensin—
Converting Enzyme Inhibitor (ACEI)], frusemide (diuretic)
and digoxin. All patients were subjected to resting 12-lead
electrocardiography (ECG) and ventricular arrhythmias were
analysed in relation to serum magnesium concentration at
baseline and at end of the fourth week of treatment. Control
group (Group II; 24 male, 21 female; the average age 49.3
years) were matched with Group I. Serum magnesium was
determined by Atomic Absorption Spectrophotometer
(AAS). Statistical analysis was with Student’s t-test. It was
observed that 6 (13.3%) CHF patients had ventricular
arrhythmias at the commencement of the study. This num-
ber increased to 17 (37.8%) by the end of the fourth week of
treatment. At four weeks, there was significant difference in
serum magnesium between CHF patients without arrhythmias
(0.69 = 0.1 1mmol.L') and those with arrhythmias (0.50 +
0.01mmol.L"), P < 0.0001. Results obtained suggest that
CHF patients having hypomagnesemia had higher prevalence
of ventricular arrhythmias. It should be stressed, however,
that 24 hour ECG monitoring and classification of ventricular
arrhythmias according to Lown may give a more accurate
picture. Nevertheless, routine serum magnesium assays, as
part of the electrolyte profile of CHF patients would assist
in early prevention and detection of magnesium depletion.
This would go a long way to reduce the susceptibility to
lethal arrhythmias and sudden death.
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Résumé .
Le Defant de Congestion du Coeur (DCC) est associe au

desequilibre electrolyte a evidence biochimique, incorporant
le deficit de magnesium, qui pourrait augmenter I’instabilite
electrique myocardiaque misque de I’arrhytmiase malique, et
mort subite. The but de cette etude etait de determiner la
concentration du serum - magensium chez 45 patients (Groupe
I; 24 hommes, 21 femmes, age moyen 49, 7 aus) avec DCC,
Association New Yorkaise de coeur (ANYC), class II, IIT ont
ete traitees avec lisinopril [Angiotensine - convertissant
I’Enzyme Inhibiteur (ACEI)] frusemide (diuretics) and
digoxin. Tous les males ont ete soumis a 12 repos electro-
cardiographique (ECG) et I'arrthythmiase venticulaire etait
analysee eu relation a la concentration du serum - magnesium
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alaligne de base, et ala fin de laquatrieme semaine de traitement.
Groupe de controle (groupe I1, 24 hommes, 21 femmes; age
moyer 49, 3 aus) ont ete jumeles au groupe I. La quantite et la
qualite du serum - magenesium a ete determinee par absorp-
tion atomique du spectrophotometre. L’analyse statistique a
ete realisee par le student’s t-test (t - test de I’Etudiant). Il a
ete observe que 6 (13, 3%) patients DCC avaient I’arrhytmiase
ventriculaire au debut de I’etude. Ce nombre a augmente jusqu’
a 17 (31, 8%) a la fin de la quatrieme semaine, il ya eu
changement significatif en serum - magnesium entre patients
DCC sans arrhytmiase (0, 69 = 0,01 mmol.L*'), P < 0,0001.
Les resultats obtemus suggerent que les patients DCC ayant
I’hypomagnesemia ont une prevalence elevee de I’arrthytmiase
ventriculaire. Il doit entre soulique, cependant, que 24 heures
de controle ECG et classification de I’arthytmiabe ventriculaire
selon lown pent donner une figure plus precise. Neanmoins,
la qualite et quantite du serum - magenesium, comme partie
du profil electrolyte des patients DCC pourait assiter dans la
prevention et la detection de I’epuisement du mangnesium.
Ceci pouma a long terme, reduire la susceptibilite de
I’arrhytmiase lethale et la mort subite.

Introduction

Congestive Heart Failure (CHF) is a principal complication
of virtually all forms of heart disease and it results in poor life
expectancy in comparison to the total population [1]. There
is a high incidence of ventricular arrhythmias and sudden
death in CHF patients occurring in more than 40% of total
cardiac deaths [2]. Despite improvement in management,
CHF proves to be extremely lethal and the poor prognosis
remains till today. It imposes a large economic burden on the
patient, his relations, the health care budget, and as such, it is
costly to the larger society. Ventricular arrhythmia is an
indicator of risk of sudden death, thus, it is a possible target
for preventive measures [3,4]. Apart from being an indepen-
dent risk factor for poor prognosis, low serum magnesium
level has been associated with higher prevalence of ventricu-
lar arrhythmias[5]. Magnesium is important in preserving
electrical stability of myocardial cells. It controls and modu-
lates calcium entry and release from the sarcoplasmic reticu-
lum and maintains flux of cellular potassium across the sarco-
lemma [6,7].

CHEF provides the perfect medium for the develop-
ment of electrolyte disturbances. Elevation of neurohumoral
chemicals, including the renin-angiotensin-aldosterone axis,
diuretic and digitalis therapy represent the major contribu-
tory factors [8.9].

This study was performed to determine concentra-
tions of magnesium in sera of patients undergoing treatment
for CHF. The results were then correlated to arrhythmias in
the patients.

Patient population and methods
Forty-five (45) patients (group I) with CHF comprising 24
males, 21 females, of average age 49.7 years (range 17 to 82
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response to magnesium treatment provides much of the evi-
dences. Hypomagnesemia aggravates digitalis toxicity and
arrhythmias develop at a lower dose and persisted longer
[27). It can be hypothesized that a reduction of membrane
Na’K*-ATPase activity is caused by hypomagnesemia. In
turn, this results in loss of potassium from the intracellular
space, causing a change in the ratio of intracellular to extracel-
lular potassium. Since this ratio largely determines the rest-
ing membrane electrical potential, the consequences of an
alteration are increased cellular electrical excitability and greater
tendency to reentry arrhythmias and aberrant conduction.

Other possible mechanism include direct
electrophysiologic effect, or shrough effect on calcium me-
tabolism. Extracellular magnesium exerts a stabilizing effect
on the sinuatrial node and atrial muscles. Magnesium defi-
ciency shortens the absolute refractory period but extends
the relative refractory period. This means that the duration
of the vulnerable period is increased, resulting in a greater risk
of arrhythmias [28]. Magnesium has also been closely re-
lated to calcium metabolism and is considered as nature’s
calcium blocker . Magnesium deficiency leads to influx of
calcium into myocardial cells. There is also failure to extrude
calcium out of the cells through magnesium dependent Ca** -
ATPase activity. The sarcoplasmic reticulum fails to seques-
trate the excess calcium. This results in increased intracellu-
lar calcium that gives rise to oscillatory after potentials, and
arrhythmias.

Preventing CHF patients from magnesium deficit
is the first, and the application of magnesium supplement is
the second best strategy to help keep them free from life-
threatening arrhythmias. Pharmacological approach to the
reduction of risk of sudden death may include magnesium
supplementation. It is simple, cost-effective and safe. Pro-
spective randomized placebo-controlled studies are needed
to assess the role of magnesium and the effects of magnesium
supplementation in CHF patients.

Conclusion

1. The study showed that at the end of four weeks of
treatment, CHF patients had reduced serum Mg levels
compared to the levels before treatment and levels in
control subjects.

2.  The study seems to suggest an increased prevalence of
cardiac arrhythmias in hypomagnesemic CHF patients.

Study limitations

Our ECG recordings were not ambulatory. The study did not
assess whether ventricular arrhythmias in subjects with low
magnesium levels were associated with mortality risk.

References

. Massie BM and Conway M. Survival of patients
with congestive heart failure: Past, Present, and
ll’;xtur;:gprospccts. Circulation 1987; 75 (Suppl iv):

2. Francis GS. Development of arrhythmias in the
patient with congestive heart failure: Pathophysiol-
ogy, prevalence, and prognosis. Am. J Cardiol 1986;
57 (Suppl): 3B — 7B.

3. Gorgels APM, Vos MA, Smeets JLRM and Wellens
HJJ. Ventricular arrhythmias in Heart Failure. AmJ
Cardiol. 1992; 70: 37C — 43C.

4. Bikkina M, Larson MG and Levy D. Prognostic
implications of asymptomatic ventricular
arrhythmias: The Framingham Heart Study. Ann.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

267

Int. Med. 1992; 117: 990 — 99¢_
Tsuji H, Venditti FJ (Jr.), Ev
Levy D. The association of ?:\ZI'S (;f[: saerson -
sium and magnesium with ventricular r?m potas-
complexes. (The Framingham Heart sﬂ :1 g
Cardiol. 1994; 74 (3): 232 — 235, Ve Satd
Altura BM, Zhang A an ;
hypertensive vascgular di:c‘:sl,:;rzr?}—,r ; Magne§1um’
ases, erogenesis,
subsellular compartmentation of Ca?* ang Mg?* and
vascular contractility. Min. Elect Metab. 1993; 19:
323 -336.
Altura BM and Altura BT. Role of Magnesium in
patho-physiological processes and the clinical utility
of magnesium ion selective electrodes. Scand J. Clin.
Lab. Invest. 1996; 224 (Suppl): 211 —234.
Wester PO. Electrolyte balance in heart failure and
the role of magnesium ions. Am. J. Cardiol. 1992;
70: 44C - 49C.
Leier CV, DeiCas L and Metra M. Clinical relevance
and management of the major electrolyte abnormali-
ties in congestive heart failure: Hyponatraemia,
hypokalaemia, and hypomagnesemia. Am Heart J.
1994; 128: 564 — 574.
Maclintyre I. Flame photometry. Adv. Clin. Chem.
1961;4:1 - 28.
Bohuon C. Microdetermination of magnesium in
various biological media. Clin. Chem. Acta. 1962; 7:
811-813.
Carlisle R and Ogunlesi TO. Prospective study of
adult cases presenting at the Cardiac Unit, University
College Hospital, Ibadan, 1968 and 1969. Afr. J.
Med. Sci. 1972; 3: 13 - 25.
Falase AO, Ayeni O, Sekoni GA and Odia OJ. Heart
Failure in Nigerian hypertensives. Afr. J. Med. Sci.
1983;12: 7-15.
Eichhorn EJ, Tandon PK and DiBianco R, et al.
Clinical and prognostic significance of serum
magnesium concentration in patients with severe
chronic congestive heart failure. J Am Coll Cardiol.
1993: 21 (3): 634 — 640.
Gottlieb SS, Baruch L, Kinkin ML, Bemstein J,
Fisher ML and Packer M. Prognostic importance of
the serum magnesium concentration in patients with
CHF. J Am Coll Cardiol. 1990; 16: 827 — 831.
Hollified JW. Magnesium depletion, diuretics and
arthythmias. Am. J. Med. 1987; 82 (Suppl 3A): 30
-37.
Gettes LS. Electrolyte abnormalities underlying
lethal and ventricular arrthythmias. Circulation 1992;
85 (Suppl I): 1. 70 -1.76.
Ralston MA, Mumane MR, Unverferth DV and
Leier W. Serum and tissue magnesium concentrations
in patients with heart failure and serious ventricular
arrhythmias. Ann Intern Med. 1990; 113: 841 — 846.
Podrid PJ. Potassium and ventricular arrhythmias.
Am J Cardiol. 1990; 65: 33E — 44E.
Papademetriou V, Burris JF, Notargiaco A, Fletcher
RD and Freis ED. Thiande therapy is not a cause of
arrhythmias in patients with hypertension. Arch.
Intern Med. 1988; 148: 1272 — 1276.
Hollifield JW. Thiazade treatment of systemic
hypertension: Effects of serum magnesium and
ventricular ectopic activity. Am J Cardiol. 1989; 63:
22G - 25G.
Abraham AS, Rosenmann D, Nleshulam S, Zion M,



0.0. Oladapo and A.O. Falase

266

ears) were studied. The causes of CHF included, ht)i,zil:fce
syion (22), Dilated cardiomyopathy (l3)land rheumz ey
disease (10).On the first day of entry into the ,ss:usgc;ation
tients were classified into New York. Hea!'t i‘unctional
(NYHA) functional Class Il and 37 patients into iy
class III; each having signs of left ventricular tsyst g
function on echocardiography (echo). No patle; il
other disease causing electrolyte dist_urbances and n g
on therapeutic potassium or magnesium supp!emJ:iv-CTSity
experimental protocol was approved by theJomt seogmn
College Hospital and University of Ibadan Ethica

j i ent.
tee. All subjects gave informed cons '
Depending on the clinical features, 19 patients were

treated with Lisinopril; 16 with fmsqnide and 10 with Dlgo(;(il:_-
All patients were subjected to a resting 12-lead elcct.rocalrE o
graphy (ECG), MacVu marquette ALFXXG resting ot
analysis system at baseline and end of the fourth week o

study. Resting ECG abnormalities were defined as any de-
viation from normal, including non-specific ST-T wave
changes, arrhythmias and conduction abnormalities. Only
the ventricular arrhythmias were analysed in relation to se-
rum magnesium concentration irrespective of treatment.

The control (Group II) consisted of 45 healthy
subjects (24 males and 21 females) of average age 49.3 years
(range: 15 to 85 years). Routine physical examination, ECG
and echo for the control group were in the normal range.

Peripheral venous blood was obtained from each

patient and control subject at baseline and at the end of fourth
week of study. Sera were separated by centrifugation at
1,000rpm and stored at -20°C ti]l seroanalysis in a research
laboratory. Potassium in the serum was determined by flame
photometry[10]. Serum magnesium was assayed using atomic
absorption spertrophotometry[11] (model Buck Scientific
Atomic Absorption/Emission Spectrophotometer). The se-
rum samples were diluted 1 in 50 (0.1mlto5in 0.2 percent
lanthanium oxide). The standard magnesium solutions were
diluted in the same manner and used to calibrate the spectro-
photometer. The AAS was fitted with Mg hollow cathode
I.amp set at wavelength 285.2 nM. The samples were nebu-
lized with argon carrier gasat7l.min"'. Standard solutions for
Mg?* were prepared from analar grade salts (BDH chemi-
cals). Students t-test was used for statistical analysis.

Results

Serum potassium concentration in CHF patients was 3.8 4
0.3 mmol.L-' gt baseline and 3.6 + 0.5 mmol.L ¢ end of 4
weeks f’> 0.1. In the cdntrol group, serum potassium con-
centration was 3.9 + (.5 mmol.L!' at baseline and 4.2+ 0.7
mmol.L' at end of 4 weeks P> ().]. . '
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The relationship bct.weer'l serum magnesiym o
arrhythmic status are summanzed in the ﬁglfre . Aftergg,
justing for serum potass:um_cqncentrgthn using analysj =
covariance, there was no statistically Slgmﬁ.cant differenCe in
the adjusted group means ofserurp magnesium. At baselin._.,
the adjusted mean serum magnesium of CHF Patients With.
out arrhythmias (0.84 + 0.02mmol.L!") wag not Sig"iﬁcam]
different from that of the controls (0.93 + 0.09me|_L4)’ Ps
0.1. It was also not significantly different from those with
arrhythmias (0.80 + 0.02mmol.L"), P> 1. However, i
end of the fourth week, there was a Statistically significan
difference in the adjusted means of serum magnesium be.
tween CHF patients without arrhythmias (0.69 + 0.11mmo] [ -
") and those with arrhythmias (0.50 + 0.0lmmol.L-'), P<
0.0001. This result shows that patients having arthythmias
had lower levels of serum magnesium than those who did not.
At the commencement of treatment, the difference in serum
magnesium was not significant, P>0.]. However, four weeks
after treatment, the serum magnesium decreased in aj| pa-
tients but significantly lower in patients with arthythmias, p
< 0.0001. It was observed that 6 (13.3%) CHF patients had
arrhythmias at the commencement of the study. This num-
ber increased to 17 (37.8%) by the end of four weeks of
treatment. The arrhythmias observed were ventricular pre-
mature complexes (VPC) which could be occasional, fusion
complexes, aberrant complexes or multiform.

Disucussion ]
CHF is one of the main reasons for hospitalization in pa-
tients with cardiovascular diseases in our environment [12,13].
Once heart failure has occurred, there is a high mortality rate
with an incidence of sudden death of nearly 50% [1,2].

The relationship between ventricular arrhythmias
and survival has been studied in recent years since sudden
deaths in CHF patients may be associated with ventricular
arrhythmias resulting from electrolyte imbalance [4,14,15].
The mechanisms of these arrhythmias are still poorly de-
fined, however, potassium and magnesium are important con-
tributory factors[16-1 8]. Although, it has long been recog-
nized that potassium imbalances can contribute to
arrhythmogenesis, the role of magnesium in this setting has
only recently become a focus of study. There are conflicting
data regarding the impact of serum potassium and magnesium
levels on the occurrence of ventricular arrhythmias in tbe
clinical setting [17, 9]. The clinical evidence for the associa-
tion of magnesium levels with ventricular arrhythmias in-
clude smal] clinical studjes [18,20,21] and studies with inad-
€quate control [22,23]. Studies involving a large number of
subjects ¢specially those without major structural heart dis-
€ase are few [5]. ;

In this study, there appears to be an association
between hypomagnesemia and arrhythmias and this is con-
sistent with the results of previous studies [5,21,24]- qu-
ever, some clinical studjes have not confirmed the association
of low serum Magnesium with the occurrence of ventricular
arthythmias [17, ] 8,22,23]. The patients used in the chsem
Study did not have 24-hour Holter monitoring to quantify the
Number of VPCs per hour as was done in these studies a'?d
this may account for inaccurate estimation of the relationship
between hypomagnesemia and ventricular arrhythmias. Nev-
ertheless, there s growing evidence from a number of ¢as¢
T€POIts that magnesium deficiency is a factor in the dcveIOP"_
ent of various tachyarrhythmias [26,27]. The resistance ©
these arrhythmias to conventional therapy and the positive
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