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A Clinical Study of Changes in Serum Electrolyte Concentrations During
and After Extracorporeal Circulation with Heart-Lung-Machine

Kun Ho Kim, M.D.

The present study was carried out to develop the better measures for safety of open
heart surgery under extracorporeal circulation (ECC) with Heart-Lung-Machine by preve-
nting changes in the concentrations of serum electrolytes during and after ECC. For this
purpose, the cocentrations of serum electrolytes were measured before, during, and after
ECC in 21 patients with congenital and acquired heart diseases who received open heart
surgery under ECC using Heart-Lung-Machine. Also considered was the development of
safety measured by which changes in serum electrolyte concentrations were prevented
during and after open heart surgery under ECC.

1) The mean values for serum sodium levels were observed to be 137.14+0.47 mEq. /L.
for the samples obtained before ECC, 138.59+0.68 mEq./L. for the samples obtained 10
minutes after ECC and 138.0+0.68 mEq. /L. for the samples obtained 24 hours after ECC.
These results indicate that serum sodium concentrations were within normal range during
and until 24 hours after ECC.

2y The concentrations of serum chloride were found to be 105.58+0.70 mEq. /L. for the
samples collected before ECC. 105.07+i.01i mEq./L. for the simples collected l0minutes
arter ECC and 101.95+1.09 mEq. /L. for the samples collected 24 hours after ECC. As was
the case with serum sodium levels, no significant changes were observed in serum
chloride levels during and 24 hours after ECC.

21 With proper provisions of potassium chloride solution during ECC, the concentrations
of serum potassium were found to be 4.22+0.06 mEq. /L. for the saraples removed before
ECC, 4.06%0.14 mEq. /L. for the samples removed 10 minutes after ECC and 4.39+£0.07
mEq. /L. for the samples removed 24 hours after ECC.

43 The concentrations of serum calcium were also maintained within normal during and
after ECC; 9.15+0.14 mg/dl for the serum collected before ECC, §.36+0.21 mg/dl for the
serum collected 10 minutes after ECC and 8.47 =0.14 mg/dl 24 hours after ECC. The
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maintenance of serum calcium level within normal throughout ECC was achieved by

parenteral administrations of calcium gluconate as frequent as required.

5) As were the cases with serum potassium and calcium, the concentrations of plasma

bicarbonate was regulated within normal range during and after ECC, only when sodium

bicarbonate solution was administered parenterally as it was required; 23.7+0.50 mEq. /L

for the serum collected before ECC, 22.33%+1.09 mEq./L. for

the serum collected 10

minutes after ECC and 25.3+0.96 mEq. /L. for the serum collected 24 hours after ECC.

The above results indicate that during and after ECC serum sodium and chloride levels

remained unchanged without any

provision of normal saline,

while serum potassium,

calcium, and bicarbonate concentrations were kept within normal limits only when these

calectrolytes were administered through parenteral routes. With these results it can be

concluded that serum potassium, calcium, and bicarbonate levels should be determined as

often as possible during and after ECC and that in order to maintain serum electrolyte

levels within normal these electrolytes

in the forms of potassium chloride,

calcium

gluconate, and sodium bicarbonate shou!d be given parenterally as they were found to be

required.
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Table 1. The Sodium levels in Serum During and After Extracorporeal Circulation by

Open Heart Surgery

During Extracorporeal Circulation

After Extracorporeal Circulation

Befor (Time in minute) (Time in minute}
Bypass
10 30 60 90 120 10 60 120 240 24
Sample size 21 21 21 21 17 10 17 19 13 15 21
Mean, mEq. /L. 137.14 137.14 137.43 138.10 138.35 138.00 138.59 137.79 136.62 140.0 138.0
SE{+) 0.47 0.61 0.69 0.45 0.74 1.23 0.68 0.57 1.12 1.55 0. 68
224, /L #%q./L. (% o0 )
11 & ® 58 ) 106 }
140
¢S
- T L;/I o
et I I~ .
137 #—Y —Ml i NN T
i 102
12 101 l
iviaem 0 €0 so a0 Lefor 1y 30 € 90 120 10 €3 120 240 2 wrae
; Durirg Extracerpor. Circulat. Bypass
Time in ninute irculation
Figure 1. The changes of sodium levels in serum Figure 2. The changes of chloride levels in serum
during and after Extracorporeal circula- during and after Extracorporeal Circu-
tion by open hear tsurgery in 21 patie- lation by open heart surgery in 21
nts. Mean value and standard error. patients. Mean value and standard
error.
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I 138.59+0.68 mEq./L.°lz, €3= FAHEHE #
(1) m# Sodium(Na®) Aahe] 244708 134~144 mEq./L.9 Wz HF
=4, A et =2F, A= AT L 24477 138.0+0.68 mEq./L.o]c}. €4 Nat: z%]ﬂi—’c% =
2 AAA<] Nate] @3& table 13} figure 13 & F34 ¢35 2047704 Aspgel A ¥ ge] 852 99
th. Na*4] ¥ & 132~140 mEq./L. 2] W2 oo} H-Hd4 5 §3] dg7e e Nat® Fr7}2 2
B # 137.14+0.47 mBq. /L. o] ™ A 9] %3k 1208 7)o % dart dddek o] Adozd gz
T HFAEE zgg-ggq;j— AaAq =85k 49 A7 Ageae] gdwye]l SIS Ae &
+3 A F 1059 & 134~144 mEq. /L. o M1z ¥+ vk
Table 2. Ths Chloride levels in serum During and after Extracorporeal Circulation by
Open Heart Surgery.
During Extracorporeal Circulation After Extracorporeal Circulation
Before (Time in minute) (Time in minute)
Bypass ———— S —
10 30 60 90 120 10 60 120 240 24
Sample size 21 21 21 21 17 10 14 17 12 15 20
Mean mEq, /L. 105.38 104.24 103.76 103.90 103.88 104.50 105.07 105.35 105.08 105.93 101.95
SE(x) 0.70 0.81 0.73 0.75 1.05 1.39 1.0l 0.83 0.79 0.71  1.09

1.0l mEq./L.o] 2 3% FAHHE Fx3k 244
(2) mMi#F Chloride (Cl7)

7ol = 94~110 mEq. /L. ] ¥$] = 3 F 101.95+1.09
=4, 49 5%, AL T 27w A4 mEq. /L.elch. 84 Cl & AYd =574 &5 24
ol Clre] ¥ %-& table 29} figure 29} 7). Cl 9 A zk7bR] g el 4 vl ek W E-2 gl gy
AR E 96~109 mEq. /L. o] W e HF 105.38  HE A @AolHEA ClrE $7t2 25% Favt
+0.70 mEq. /L.o]5, A &3t 1208 e 5 A FA ddleh of Ade s A AN A A w
2 AR S R4 Adskd AgEa 45 3] gduie]l <E stdrheR & ek
10#5] 4= 97~110 mEq. /L. ¢ H$ 2 HAF 105.07x

Table 3. The Potassium levels in Serum During and After Extracorporeal Circulation by
Open Heart Surgery

During Extracorporeal Circulation After Extracorporeal Circulation
Before (Time in minute) (Time in minute)
Bypass —m——m———— —
10 30 60 90 120 10 60 120 240 24
Sample size 21 21 21 21 18 10 18 18 13 18 20
Mean mEq. /L. 4.22 3.79 4.01 4.15 4.35 4.355 4.09 4.01 3.98 4.12 3.39
SE(+) 0.06 0.14 0.04 0.11 0.15 0.16 0.14 0.09 0.07 0.07 0.07

= 3.9~5.0 mEq. /L. 2] WL FF 4.3940.07 mE
(3) Mm% Potassium(K*)

q. /L. o] et
4, A% 55, ANEDE 2402 A4 A Lgel goldE 53 LARe] YE Ll Yol
el Kto] W& & table 3, figure 33 Zrcf. Kte L= Kt 7+ 4 ¢] hypokaliemia ¢] < 3p-2 digitalis 9} o
4 & 3.6~4.7 mEq /Lo Wi e 422 B Alabgk BAE oFr] Al rglo] W el 4 Ko
0.06 mEq./L.ol=, A9 %3 120 zbolz FF32 w5 T3 Aheleh. A Fiel 4ol
L o}ww AWAA AAEL AF 10 AN w23k Fol WH Kb 4D FAE

5
.09+0. 11 235t glof. Neville &} Talso® & 28 w3 =5
244] 7k =gy Kt ke W 33 iRz o %
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The changes of potassium levels in
serum during and after Extracorporeal

Figure 3.

Circulation by open heart surgery in 21
patients. Mean value and standard
error.
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Table 4. The Calcium levels in Serum During and After Extracorporeal Circulation by

During Extracorporeal Circulation
\Tlme in mlnute) (Ti

Befor
Bypass -

l()

30 60

After Extracorporeal Circulation
ime in minute;

120 2 10 24

10

90 120 60

21
8.80
0.29

21
8.79
0.20

21
8.60
0.20

21
9.15
0.14

Sample size
Mean mg. /dL
SE(+)

17
8.76
0.32

10
8. 44
0.47

18
8.36
0.21

16 1
8.71
0.33

16 20
8.77
0.10 0.
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[ SO RS BN ]
(98]

[S1}

(4) Mm% Calcium(Ca**)
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Figure 4. The changes of calcium levels in serum
during and after Extracorporeal Circu-
lation by open heart surgery in 21
patients. Mean value and standard
error.
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Table 5. The Bicarbonate levels in Plasma During and

b) Open Heart Sur gelv

After Extracorporeal Circulation

I)uung L\Llaconpm eal Circulation

After Extracorporeal Circulation

Befor (Time in minute) (Time in minute)
Bypass
10 30 60 90 120 10 ] 120 240 24

Sample size 21 21 21 21 17 10 16 15 13 8 10
Mean mEq. /L. 23.70  19.25 20.41 22.20 21.98 22,83 22.83 2L.70 22.40 23.33 24.26
SE(+: 0.50 0.64 0.79 0.77 0. 66 1.17 1.09 0.30 0.49 0.73 0.73
W AR 93 €A CarigAAd g2k oleh
hA b $1d R wale s wE gl o] Al o] HEE ] 51 2] =3ke]) gle} 4] iz metabolic acidosis 4=
ohi A e A deE e g3 shhelsh A8 ¢nE Yo

figure 59} zZbc},

¢l HCO3¢ wl %S Table 5,
HCO:2) %353 19.8~27.0 mEq. /L. 2] W=
B F 23.7+0.50 mEq. /L.o1", 29 &g A2z

=gl d 7 et 74 E Vel =2 sodium bicarbo-

n Tableo] 4 8 =ulel 7+
FAsEA g A
8.7~36.0 mEq. /L. 2] &g
WA E FE 22334100 mEq. /L. o} Ael gt
21.0 mEq. /L.o]4% #4354 12, <£FH = sodium
bicarbonate &] ¥ 20 2 3 E3}d 244714 &= 21.3~
27.2 mEq./L. 8] "9 = = F 24.26+0.73 mEq. /L.

9% AF 1004 &
2.33
ol

‘\
\ 7
\\
_y
P!
v
i
- . . N
D:fer 1% 0 fo 90 120 10 £ 123 b 254 e
Lrsas
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Figure 5. The changes of bicarbonate levels in

plasma during and after Extracorporeal
Circulation by open heart surgery in 2}
patients. Mean value and standard

error.
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