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The study of renal magnesium handling in chronic congestive heart failure.

Shigeru MARUSAKI and Kazuaki SHIMAMOTO
Second Depariment of Internal Medicine, Sapporo Medical University School of Medicine.
(Chief : Prof. O. IIMURA)

ABSTRACT It is now known that the serum magnesium level is low in patients with chronic
congestive heart failure (CHF). In this study, to clarify the role of renal magnesium handling in
CHF, the following parameters were examined in normal subjects (control : n=28) and patients with
CHF (n=37) : serum magnesium (s—Mg), plasma aldosterone concentration (PAC), endogenous
creatinine clearance (Cc,), urinary excretions of magnesium (Uy,V) and sodium (Uy,V), and frac-
tional excretions of magnesium (FE,), sodium (FEy.) and potassium (FEg). The relationship
between s-Mg and the severity of cardiac dysfunction (NYHA subeclass in CHF) was also investigat-
ed in CHF. All subjects were admitted to our hospital and given a standard diet including 120 mEq
of Na and 75 mEq of K/day, and all the parameters were measured in the early morning after an
overnight fast.

Compared with the controls, the patients with CHF showed lower levels of s-Mg, Ccr, Uy, V and
FE.., and higher levels of FE,, and PAC. On the other hand, there was no significant difference in
Uw:V between the controls and CHF patients. In both groups, significant positive correlations were
observed between Uy;V and FE,,, and between UyV and Cc;. FEy, correlated positively with FE;
and PAC in patients with CHF, suggesting an important role of mineralocorticoids in magnesium
handling in the distal renal tubules. In the severe CHF (NYHA 1II or III) subgroup, levels of s-Mg
and FE,, were quite similar to those in the mild CHF (NYHA I) subgroup, but the sever CHF sub-
group used potassium-magnesium sparing drugs (spironolactone, triamterene and angiotensin
converting enzyme inhibitor) more frequently. In CHF patients, combined use of loop diuretics and
potassium-magnesium sparing drugs did not show any significant influence on the levels of s-Mg and
FEyq.

These results suggest that the low level of s-Mg in CHF patients is attributable to enhancement
of renal magnesium excretion by secondary aldosteronism, and that use of potassium-magnesium
sparing drugs may be beneficial for prevention of magnesium deficiency in CHF.

(Received September 4, 1995 and accepted November 1, 1995)
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Table 1 Age and endogeneous creatinine clearance (Ce:) in patients
with chrowic congestive heart failure (CHF) grouped accord-
ing to New York Heart Association (NYHA) Functional

Class.
NYHA class
Total
1 I 111
n 37 10 22 5
age (yrs) 5342 55+5 51+3 61+2
Cer (m//min) 77.7£3.6 83.1£6.7 79.5+5.0 59.2+3.4
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Table 2 Comparisons of age, serum wmagnesium (s-Mg), creatinine cleavance (Ce), urinary
excretion of Mg (Uyg V), urinary excretion of Na (h.V), fractional excretion of Mg
(FEyg), fractional excretion of Na (FEy,), fractional excretion of K (FEx) and plasma
aldosterone concentration (PAC) between normal subjects (Comtrol) and patinets with

chronic congestive heart failure (CHF).

Control

CHF

n=28 n=37 p<
age (yrs) 45+3 54+2 0.02
s-Mg (mEq/0) 1.65+0.03 1.48+0.03 0.001
Cer (mi/min) 102.0+3.4 77.7+3.6 0.001
UwgV (2Eq/min) 3.0540.21 2.98+0.20 ns
UneV (xEq/min) 148.1411.7 62.606.4 0.001
FEye (%) 1.75+0.12 2.33+0.13 0.001
FEve (%) 1.05+0.12 0.500.04 0.001
FEx (%) 10.5+0.6 10.0+£0.7 ns
PAC (pg/m/) 73.6%5.9(n=20) 132.2415.2(n=235) 0.001

s-Mg FEmg
mEgA %
20" E 4 n=28
ns
o o) o
184 o © 9 o
g %0 o 3 0
00 o
1.6 © o o ©° ° 50
. @ o o o
o S o o
2 o) (0] o o @]
1.4 © o oo® © ©
O o} OO [eJNe]
1
1.2 °© o
o
0 : : : : : \ : : : :
20 30 40 50 60 70 80 20 30 40 50 60 70 80
yrs. yrs.

Fig. 1 Correlation between serum magnesium (s-Mg) or fractional excretion of magnesium
(FEyg) and age in normal subjects (Control).
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Fig. 2 Correlation between urinary excretion of magnesium (Uy,V) and endogenous creatinine
clearance (Cc) in normal subjects {Control), and that in patients with chronic conges-

tive heart failure (CHF).
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Fig. 3 Correlation between urinary excretion of magnesium (UyV) and fractional excretion
of magnesium (FEy,) in normal subjects (Control), and that in patients with chronic

congestive heart failure (CHF).
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Fig. 4 Correlation between fractional excretions of magnesium (FEy,) and potassium (FEy)
or plasma aldosterone concentration (PAC) in patients with chronic congestive heart

failure (CHF).
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Fig. 5 Comparison of serum magnesium concentration (s-Mg) and of fractional excretion of
magnesium (FEy,) among subgroups divided by cardiac function (NYHA class) in
patients with chronic congestive heart failure (CHF).

NYHA : New York Heart Association
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Fig. 6 Incidence of the use of potassium-magnesium
sparing drugs in patients with chronic conges-
tive heart failure (CHF).
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Table 3 Serum concentration of electrolytes in normal subjects (Control) and patients with

chronic  congestive heart failure (CHF) with or without the administration of
potassium—magnesium losing drugs (L) and/ov potassium-magnesium sparing drungs
().
CHF
Control L(=)-S(=) L) -S(-)  L()-S() L) -S(+)
n=27 n=14 n=1 n=3 n=19
s-Na (mEq//) 139+1 141+1 136 1401 139+1
s-K (mEq/7) 3.9£0.1 3.8%0.1 4.6 4.1+0.1 4.0£0.1
s-Ca (mg/dl) 9.0x0.1 9.0£0.1 9.2 9.0%0.2 9.1+0.1
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Fig. 7 Comparisons of serum magnesium concentration (s-Mg), and fractional excretion of
magnesium (FEy,) between normal subjects (Control) and patients with chronic con-
gestive heart failure (CHF) with or without the administration of potassium-magne-
sium losing drugs (L) and/or potassium-magnesium sparing drugs (S).
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