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Summary 
Electrolyte disturbances are common in patients w.th n 
gestive Heart Failure (CHF) especially during l o n g " ™ u Z ' 
ments. Unlike potassium, little is known of how magnesium 
is affected in these patients. This study was earned out to 
determine the serum and urinary concentration ofmacnesium 
in patients with C H F w h o were treated with lisinopnl [An 
giotensin- Converting Enzyme Inhibitor (ACEI)l frusemido 
(diuretic) and digoxin, at baseline, 2 weeks and 4 w e c k s 45 
patients (Group I; 24 male, 21 female; average age 49 7 vearsl 
with CHF, New York Heart Association (NYHA) Class ll 
III were matched with 45 healthy controls (Group II- 24 
male, 21 female, average age 49.3 years). Serum and urinary 
magnesium were assayed by atomic absorption spectropho-
tometer. Statistical analysis was made by Student 's t-test. 
At baseline, serum magnesium concentration in CHF patients 
was not significantly lower than in controls, p > 0.1. How-
ever, a higher loss of magnesium in urine was found in CHF 
patients compared with control subjects at baseline, p < 0.01 
Serum magnesium concentration decreased significantly dur-
ing treatment except in C H F patients on lisinopril, p < 0.05. 
The lowest excretion of magnesium was also found in this 
group of patients. Our study shows that lisinopril is magne-
sium-sparing in patients with CHF. 

Keywords: Magnesium, congestive heart failure, serum, 
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Resum£ 
Les troubles electrolytes sont frequents chez les malades 
sonffrant du defaut de surcharge du coeur (CHF) special Iement 
au conrs de long traitements. Contrairement au potassium, on 
conmait tres peu l 'effet du magnesium chez les patients. Cette 
etude a ete faite pour determiner la concentration urinaire du 
serum et du magnes ium chez le malades CHF traites au 
lisinopril [Angiotensine - Convertissant I 'enzyme inhibiteur 
(ACEI)], frusemide (diuretique) et digoxine, a la base, 2 a 4 
semaines. 45 malades (Groupe 1, 24 hommes et 21 femmes; 
age moyem 49,7 aus) avec CHF, Association New Yorkaise 
de coeur (NYHA) classes II, III out ete jumelees avec 45 cas 
de controle naturel. (le groupe II est compose de 24 hommes 
et 21 femmes, age moyen 49, 3 aus). Le serum et le magne-
sium u r ina i r e o u t e t e a n a l y s e s q u a l i t a t i v e m e n t et 
q u a n t i t a t i v e m e n t pa r a b s o r p t i o n a t m o q u e du 
spectrophotometre. L'analyse statistique a ete realisee par le 
t-test de l 'Etudiant. A la base, la concentratim du serum-
magnesium chez les CHF n'etait pas significativement basses 
comparee a ceux des controles, P > 0,1. Nean moins, a une 
grande perte de mangensium daus Purine a ete notee chez les 
malades CHF, comparee a ceux des controles a la ligne de 
base, P < 0..01. La concentration du scrum et magnesium 
diminue significativement, excepter chez les malades CHF 
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sur traitement au lisinopril, P< 0,05. La plus petite excretion 
du magnesium etait aussi notee chez les patients de ce groupe. 
Notre etude montre que la lisinopril est magnesium - eparguant 
chez les malades sonffrant de CHF. 

Introduction 
Congestive Heart Failure (CHF) represents a complex clini-
cal syndrome characterized by abnormalities of ventricular 
function and compensatory neurohumoral mechanisms, which 
are accompanied by effort intolerance, fluid retention, and 
reduced longevity [1 ]. Neurohumoral reaction in CHF affect 
electrolyte balance [2,3] . Magnesium, an essential cation, 
has recently been receiving considerable attention in clinical 
medicine, especially regarding its role in cardiovascular patho-
physiology [4]. Magnesium deficiency has been implicated 
in the pathogenesis of atherosclerosis, arterial hypertension, 
myocardial infarction, dysrhythmias, and cardiomyopathies 
[5,6]. It has been speculated that magnesium losses occur 
following diuretic treatment of patients in CHF, especially 
long-term [7]. Magnesium homeostasis is implicated in digi-
talis intoxication [8] while the effects of ACEI is unclear 
[9,10]. Very little attention has been paid to clinical implica-
tions of Magnesium deficiency which is an independent risk 
factor for poor prognosis in patients with CHF [11,12]. This 
may be due in part to the lack of routine serum magnesium 
analysis as part of the electrolyte profile requested by phy-
sicians thus impeding the diagnosis of clinical magnesium 
depletion in such patients. Also, the technology for this 
procedure although simple, is not readily available in most of 
the diagnostic laboratories. 

This study was performed to determine the serum 
and urinary magnesium concentrations in a selected popula-
tion of CHF patients, and to relate this to different drug 
treatments. 

Methods 
Patient population 
Forty-five patients (24 males, 21 females) of average age 49.3 
years (range 17 to 82 years) fulfilling Framingham Criteria for 
CHF [ 13], New York Heart Association (NYHA) functional 
classes H and III were studied. At the time of hospitaliza-
tion, 8 patients with symptoms of heart failure were classi-
fied as functional class II and 37 patients as functional class 
III each having clinical and echocardiography (echo) signs of 
left ventricular systolic dysfunction. No patient was on thera-
peutic magnesium or other electrolyte supplements, and none 
had any other disease associated with electrolyte disturbances 
or malabsorption. Because myocardial infarction and intrin-
sic renal dysfunction may alter magnesium metabolism, pa-
tients with evidence of occlusive coronary artery disease or 
serum creatinine level greater than 1.5 mg.dl were excluded 
from the study. The experimental protocol was approved by 
the Joint University College Hospital and University of 
Ibadan Ethical Committee. All subjects gave informed con-
sent. 
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the reduction in ur inary m a g n e s i u m excret ion, so that the 
obligatory ur inary loss m a y be reduced to less t h Z < 
mmol.dajr1 when die tary m a g n e s i u m is severely restHr H 
[19,20]. With the impaired a l imentary absorpt ion „ C , e c j 
in CHF, persistent renal loss caused by d i ^ e t i c ^ 
evated circulating levels o f a ldos te rone and vasopressin ,h " 
increased excret ion o f m a g n e s i u m in the presence of h 
magnesemia is not too surpr i s ing . n y p o -

Serum magnes ium concentrat ions in this study were 
significantly al tered by t rea tment , with the exception 0 ^ 
tients on l is inopnl . L ismopr i l has a po tass ium P 

[21 J, but little is k n o w n of how i, i n t e n S ^ ^ X ' S ™ 
i„ the body. S o m e s tudies h a v e s h o w n , h „ " ° ' . 
ACE' results in no rma l to increased levels of magnes ium aLd 
potassium in s e r u m and t i ssues such as erythrocytes r?? l 
and muscle [23] in pa t ien ts wi th C H F . O u r s tudy also shows 
that CHF pat ients on l is inopri l wi th or wi thout diuretics had 
no significant reduct ion of se rum magnes ium, thus suggesting 
a beneficial effect . T h i s g r o u p a lso had the lowest concentra 
tion of urinary m a g n e s i u m . 

P a t i e n t s r e c e i v i n g f r u s e m i d e , and t h o s e o n 
f rusemide-digoxin c o m b i n a t i o n had signif icant decrease of 
serum magnes ium wi th t ime. T h e y also had the highest ex-
cretion of m a g n e s i u m in the ur ine . It has been reported that 
loop diuretics and l o n g - t e r m t rea tment with thiazide diuret-
ics can decrease s e r u m m a g n e s i u m and potassium, while po-
tassium-span ng spi ronolactone tends to increase them [24,25]. 

W e conc luded that the p reva lence o f hypomagnesemia 
in C H F pat ien ts w a s h ighe r c o m p a r e d with age and sex-
matched controls . Lis inopr i l t rea tment appears to be magne-
sium/sparing ,whereas , d iure t ics and diuretic-digoxin treat-
ment caused s ign i f i can t u r inary magnes ium loss. However, 
intracellular to ext race l lu lar m a g n e s i u m ratio may be more 
relevant in the p a t h o p h y s i o l o g y of C H F than absolute serum 
levels because it is poss ib le fo r magnes ium depletion to occur 
in the presence of no rma l s e r u m magnes ium concentrations 
For this reason, rout ine s e rum m a g n e s i u m analysis should be 
included as part o f the e lec t ro ly te p rof i l e in the management 
of patients wi th C H F . Al so , long- term oral magnesium re-
placement and /or supp lemen ta t ion m a y be considered espe-
cially in those w h o are not pred isposed to magnes ium reten-
tion f rom other d isease states. 

A k n o w l e d g e m e n t s 
We t h a n k M i s s K a t e A k w e f o r a s s i s t i n g w i t h the 
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Six patients had initial washout period of two weeks 
during which previous medications were discontinued. The 
remaining 39 patients were newly diagnosed and were not on 
any medications before recruitment into the study. 5 pa-
tients were treated with lisinopril (ACEI); 16 patients with 
frusemide (diuretic); 2 patients with digoxin; 14 were given a 
combination of lisinopril and frusemide; and 8 were given a 
combination of digoxin and frusemide. The control group 
consisted of forty-five healthy subjects (24 males and 21 
females) of average age of 50 years (range 15 to 85 years), 
with routine examination results in the normal range. 

Procedures and measurements 
Peripheral venous blood was obtained from each subject at 
baseline and at the end of second and fourth week of follow-
up. The sera were separated by centrifugation at 1000 rpm 
for 5 minutes and stored at -20 °C till seroanalysis. Aliquots 
of 24 hour urine samples collected in each subject at the end 
of baseline and end of second and fourth week were also 
stored at -20 °C. The magnesium concentration in the serum 
was determined by Atomic Absorption Spectrophotometer 
(AAS) (Model Buck Scientific Atomic Absorption/Emission 
Spectrophotometer) with direct dilution using acid Lantha-
num oxide. Lanthanum Oxide and standard solution of mag-
nesium used to calibrate the AAS were obtained from Sigma 
Scientific Company. All water used for solutions in this 
experiment was double distilled and double deionized. Mag-
nesium concentration was expressed in mmol.L-'. Reference 
values were assessed by determination of the mean values of 
serum and urinary magnesium in the 45 healthy control sub-
ject. 

Statistics 
The data was analysed using the WHO EPr-Info version 6 
programme. All statistical tests were at the 5% probability 
level of significance (P< 0.05). 

Results 
The biochemical parameters at baseline were compared be-
tween cases and control as shown in Table 1 The serum 

n ° e n t r a t i 0 n i n C H F P a t , e n t s w i t h a m e a n v a l u e 

0 93 ! 0*08 l T L ° ! L ; H t h 0 U g h l 0 W e r , h a n t h a t ta C 0 - < S 
> 0 1 . However 13 S i g n i f k a n c e . ' . . ' (28.9/6) CHF patients and 4(8 9%1 
control subjects had low serum magnesium. The urinary mag 

~ T o n r n T, Tificamiy "*»>«• - Pi~ 
had 3 : . 3

8 ^ T 9 « ° a ^ < aoT. ^ * * * * * W h ° 

baseline. P 3 t , e n t S a n d c o n t r o » subjects at 

With the exception of patients on lisinopril, serum magne 

sium concentration decreased significantly overtime in P a 

tients on other medications, P < 0.05. Patients on lisinopni 
had the highest concentration of serum magnesium, whi] 
those on digoxin and f rusemide combination had the ' low^ 
concentration at each period of examination. The effect of 
medications on urinary excretion of magnesium is presented 
in figure 2. Excretion of magnesium was highest in those 
receiving digoxin and f rusemide combination, and this vv !̂ 
4.25 ± 0.70mmol.day- ' while the lowest excretion of 3.15? 
0.36 mmol .day ' was found in those receiving lisinopril; p< 
0.05. 

- — 

Typ»« of TrMt m*nt 

Fig. 1: The effect of treatment on serum magnesium 

Fig. 2: 
magnesium 

• 
Typ*« of Trea tm«nt 

The effect ot treatment on urinary excretion of 

Discussion 
CH F 
r 14 , J? a ^ c ' a t i v e l y common medical problem in Nigeria 
tan^p K ^ ' t S m a n a S e m e n t is of increasing health impor-

, e c a u s e of the cost to health-care budget and the burden 
h ic rh C ^ a * l e n t a n d relations. The condition is associated w i t h 

with m ° i - y a n d m o r t a l i t y r a t e s [13]. This study is in line 
seru ^ ° b s e r v a t i o n s [ 16] that patients in CHF had lower 
be T m a ^ n e s ' u m concentration than controls, and this may 
the C t 0 s e c o n d a r y hyperaldosteronism that occurs in 
tif>m u P r e v a ' e n c e rate of hypomagnesemia in CHF pa-

20V V 1 7 1 * STUDY W A S 2 8 9 0 / 0 W H I C H IS HISHER THAN 9 % 

den!° ^ r eported by other workers. Tissue magnesium 
aunt H°n C a n b e m u c h h i 8 h e r with up to 50% prevalence rate 
s e v / J " S , ° m C s t u d i e s [3.18]. Hypomagnesemia indicates 
stun f t e p I e t , o n a n d the high prevalence rate found in this 
one • a t t r , b u t a b l e to reasons which may not be obM-
siem'n^ I S . S l ? d y T h c u r i n a r y excretion of m a g n e s i u m was 
patientQ11111 ^ g b c r , n patients than controls, especial y 
tion o r c c t M V ' n 8 frusemide and frusemide-digoxin combina 

n c o f t h e m a J o r factors in magnesium conservation is 


