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~—Abstract—

Serum and Urine Potassium Changes during, and
after Extracorporeal Circulation in Open Heart Surgery

Chang Hoon Jo, M.D.", Sae Young Choi, M.D’, Chang Kwon Park, M.D",
Kwang SooK Lee, M.D., Young Sun Yoo, M.D."

The alterations in serum and urine potassium were studied in twenty two patients who
underwent open heart surgery using extracorporeal circulation from June 1990 to August
1990 at the Department of Thoracic and Cardiovascular Surgery, School of Medicine, Kei-
myung University,

There were fifteen cases congenital heart disease and seven acquired heart disease. The
serum and urine potassium levels were measured pre-, intra- and postoperatively until sev-
enth postoperative day using ionic selective electrode measuring method.

After general anesthesia, the serum potassium level decreased significantly but slowly
increased during cardiopulmonary bypass and returned preoperative level after operation,

The urine potassium level decreased slowly from general anesthesia to cardiopulmonary
bypass weaning but returned preoperative level following operation,

During cardiopulmonary bypass, serum and urine potassium levels in diuretic group were
lower than that of non diuretic group.

There was no remarkable difference in the serum potassium level between single RA
cannulation group and bicaval cannulation group preoperatively, but the serum potassium
level in single RA cannulation group was much higher than that of bicaval cannulation gro-
up.

There was no significant difference in the urine potassium level between single RA can-

nulation group and bicaval cannulation group postoperatively.
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*Department of Thoracic and Cardiovascular Surgery, Keimyung University, School of Medicine,
Taegu, Korea
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M =

A#H 75 o] &3 sl4lwo] HHS A mel A o¢
g3 A e Be AFzh APEH T Aok A
71€ ol &8 Ao Fo s &y 2 A
A Hile £F 4 % EgYe] 2l F F
HEE 2% F ULBR o] # AXstn HHEF
HAHE 3k Ao] sl T8l oo B AR
MdeA A3 AW ZEX 9 fglFol g ¢zt 3
Ron 24 oA FAFH BIF AT AR L35of ¥
i #Eslgd 31 B bicaval cannulation* 3} single RA
cannulationsol A A A Qo] HA B 4wl AFEA
of M= Y& vl HEsd

ZHECH A 3 gy

e B AEdEte oo st ek w
Aol A 1990 6¥FE 1990 d 8¥ 7HA) 2784 7t A 9
F£8E o) &3t JiEE Ala sk 229 o A 3kt
2 st9ivH(Table 1).

Table 1. Clincal data 22 patients undergoing open
heart surgery

Sex
Male 10
Female 12
Age(yr.) 20.1(9mo —60yr)

Weight(kg.) 29.5(7.8—60)
Surface area(Sq. M.) 0.99((0.42—1.65)
Congenital heart disease 15

Acquired heart disease 7

Total pump time(min) 92.9(35—147)
Aortic cross clamp time(min) 56.6(20—110)

olFdll 1532 M A4E dAPen] 192 &
A Ay BAA #Fzke @2 109, A=0)
129003 AFBE = OHENA 607t A= HFd
He 201490k BHHEAIZE H 3pEAM HA 147
oz B 29%0|0oH U AEAe Ho
208N A HA 110822 HH 56.6% 131 tH Table
2).

41# 7] &= Polystan®] 2] roller pump$} 4H3}l7] &2 &=
ShileyAbe] 7123 41317y} COBEAYS] =8 2Hs}7)

Table 2. Operative procedure in 22 patients

Congenital
VSD closure 8
ASD closure 2
TOF Total repair 2
PAVSD repair 1
AS membrane excision 1
MR MYV repair 1
Acquired
MVR 4
AVR 1
DVR 2

“Table 3. Cardiopulmonary bypass

Polystan Verticlude Blood Pump
Bubble type(Shiely)

Membrane type(COBE)

Hct 25—30%

Pump
Oxygenator

Hemodilution

Pump flow 2.4L /min/M
Cannulation
Arterial Ascending aorta
Venous Bicaval

Table 4. Composition of priming solution

ACD blood

Heparin

Sodium bicarbonate(5%)
CaClz(3%)

Vitamine C

50% D /W Solution
Hartmann’s solution
Antibiotics

€ AHg-3kltH(Table 3).

oA = F%

A7) 1L SET SHE o] B3 HEM F3
£ AMg-stHth(Table 4).

AZEIYOEE 255 AALHA FLYtS
Hastgon ey AgAlde AFAR(FA S
A=l 15)S 2o+ 20ml /kg, ©lF = 20&v}
o} 10ml /kg2 F3 st ch(Table 5).

dAPRe FEAG 8P DENS W BEAS
2qaea, E 2447 23 FHAAT FETY
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de nHF=F, AN AE 108, 408, 708,
AL TEF 108 283 2T 8 AFX
o 2 FEANE =AY gL FEF 14, 2
4, 3, 7dA ¥ TEXG 2 BEXNE st
Ao, 24A17t =FE FA AT S
< BECKMANA}S] ASTRA-871F& ©]&3 ionic
selective electrode measuring method& ]34
t}H(Table 6).

Table 5. Cardioplegic solution

Sodium chloride 109.95mEq /L
Potassium chloride 16.01lmEq /L
Calcium chloride 1.93mEq /L
Magnessium chloride 39.19mEq /L

Initial dose : 20ml /kg
Additional dose(every 20min) : 10m! /kg

Table 6. Measurement

ASTRA-8(BECKMAN)
Ionic selective electrode measuring method

4 o

AAEE o188 AAE BN 24, A=
F a9m &9 8% 2 4 2EAY WsE w2
¥ 4He e g,

NEH ZEX2 B3}

€4 84 ZFAE 4.19+0.3mEq/LE FA4E 9
for nHFE Fole 3.37+0.63mEq /L& @A s}
A FA2EE BAFA A T8F 107, 408, 708
)7} 24z} 3.30£0.69mEq /LE thA] Zad e &
Z 8 A9 e 3.67+0.62mEq /LAt o] F 2& &7}
st Fed 7ddde AAEAY  4.15+0.36
mEq /L2 = EolgtthH(Fig 1).

FeF A7t ZFEY Fe ¥ 11.84mEq /MY
o AH&3 RN FES == 16mEq/LE
o] AAHAME HF 777.1ml /M? A&3} o}

2) 28 UEX2| H3F

Fexd LAHAFAE 35.08+28.3mEq /LA 2o
st EE Aoed Holls 30.99+£23.50mEqg /LY

CPB End of 1 7
POD POD

pre pre

-op -CPB proc.

Fig. 1. Mean serum potassium levels at various
intervals.
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Fig. 2. Mean urine potassium levels at various int-
ervals,

o AAesE 108, 40%, 708247 42} 371435,
6mEq /L, 24.58+18.03mEq /L, 12.48+7.0mEq /L
2 A gxdte %S 2on FeFEAde
39.15£32mEq /L2 F&d 3% FA% FE2& Holtt
7t &% 147 85.45+49.28mEp /L& /M &S +
AE ngen F£aF 79A 38.66+17.44mEq /L2
= A oh(Fig. 2).

3) Ol&=X| §£0i2 2} H|o{22| Hi

oA FoFoAe & A LEFX = 4.08%0.
36mEq /L2 H|FoFol A9 4.23+0.27mEq /LR t}
woron A Folx ol BofizdA u
TRT iAo g It F£EE8A 23% 3
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AEAE ol FodollAl 317+0.41mEq /LZ ¥)
For9] 3.86+0.56mEq /LR f95HA Y& 3]
2 HoqFA(p<0.05).

%5 1Y, 24, 34, 7dACl e S$FolAM X 4 E
9 #9]g Aol AATHFig. 3).

oA T HEATY] LY BFAE v
HH olmA R vFoprrt Hvtzog
& FAE rgo 24 f94L eAdrHFig.
4).

oA B3 H|FEAT Alo]g] &
o B HESFAA A, AT

MFg vlmst

,'2F 1Y, 2

] Diuretic group
Z Nondiuretic group

5.0 I
p<0.05
T
4.0 -
Z
%
_
2.0 Z
s
_
1.0 /’ Z
/
¢ A
pre-op pre-CPB  CPB  End of 1 POD 7 POD
proc.
Fig. 3. Serum potassium levels(menazstandard
deviastion)
p<0.05
Diuretic group
ZA Nondiuretic group
T
pre-op pre-CPB CPB End of 1 POD 7 POD
proc.
Fig. 4. Urine potassium levels(mean +standard
deviation)

4, 39, 74 2 469.26+183.21ml /M?,
281.30ml /M2, 1216.98+327.31ml /M?, 963.31£228.
38ml /M?, 767.29%158.31ml /M?, 722.91+133.38ml
/M2 Bt AMEE BYon oA FoAFgME
732.81£223.45ml /M2, 725.03+272.0kml /M?, 725,
03+196.28ml /M?  1.231.30+93.27ml /M¥, 1.455.
58+408.32ml /M?  1.297.98+318.82ml /M?, ~ 854.
30+£252.23ml /M*2 Bl FHE U} Be AWHS B
ek

451.49+

4) MFX[Yo| Y L £H LEXO O[X[= E&

AAAAE =8l F9A17] single RA cannula-
tionit# A /Mg Fa AF AL A A3 bic-
aval cannulation® Alolo] X d3 ZFA 9 §9
RAo ALdedF 2T I FEAe
single RA cannulationoll 41 9] 3.15+0.72mEq /L&
bicaval cannulation-o)|41¢] 3,00+0.72mEq /LB t}
FroldtA g2 X E HAFH o (p<0.05) FEF
HF¥ e 288 single RA cannulation#o) Al bic-
aval cannulation2t} § 98l e £X& BRo S
AH(p<0.05) (Fig. 5),

E3$t single RA cannulationi*# bicaval can-
nulationi Atolo] AW ZAFASE By Hulzyom
bicaval cannulationa*ol| 4] single RA cannulation*
Bt} ¥& & 25 (Fig. 6).

HEES

. Bicaval cannulation

'//J, Single RA cannulation
p<0.05 p<0.05
4
2 1]
|
; ]
2 |
; |
7
1 Z
o
pre-op pre-CPB CPB  End of 1 POD 7 POD
proc.
Fig. 5. Serum potassium levels(mean +standard

deviation)

10 [ IP:114.71.5.214 | Accessed 2016/03/14 16:18(KST)



—] Bicaval cannulation 1
Single RA cannulation

90 I
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70 p<0.05
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50 : /
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pre-op pre~-CPB CPB End of 1 POD 7 POD .
proc.
Fig. 6. Urine potassium levels{mean+standard
deviation)
il =

1954'd GibbonVdl] &jal) Aoz AH7|E o] &%
Mdzel 43E ol MefedA] 2T F Ae A
4FIEFS F5T FANE #2Y # dormeg dy
AdrHAA a1 o] R HHl £, €F A
Fol AF BFo] o] HUurt

Dieter?Fo] AA & &F ALFEF 4JES
AHEE A 2de olv] olmAE BT HE&T

1
gatolid e A ZEAF Fa"eld A, 4 &
% aldosterone®] 712 ZHg 9| wjMo] 2R A

W EeadT EF 7IAEEoR A% 3§ €2 ¥Fe
2 ZFol Ax Uz ol g ALFEFTS HL
g 5 dod, g FJAH HEFS Frze=
A AFAA GEF A FF7]50] gRE o] ZF o)
dg FFdv= Aelth

Lockeys¥el ot A5 A ZEX7T 2
aste] BEGAS FHrtstrsts 4EAV Fhde
297t A5 s ed £ dEdre s Ega)zt
o] AojAE A LE TRE e FAE
Bk

Babka§toll oatd Aoc@ AHd ZEA 2
28zt Aeded Foll= M3 Foteke Qe
g A Fof oAl &AL &5 244 o] AE A
Aoz gdEn sided 2 dEe 49 &4

3 HEAE 4.19mEq/LE FAHAQT vlHHx
F 337mEq/LE #ALHULH Aoeg e 3.
30mEq /1, 3.40mEq /L, 3.37mEq /L2 Z7}35tg 1
A &g 2 Fo 3.04mEq /L2 a2} F&F
24717 R 4.53mEq /L A4do g #d= Ut o 2
= =] ol Ve Huelr fAFEY L)

2 ZE widel 9FE v A= ARZAE tub-
ular cell®] g9 & AW JEF] ujde tubular
celle] 4FA % mineralocorticoid% ¢ endocrine fac-
to, phosphate, sulfate, ferrocyanide% ¢} kaliuretic
effectZ 7}3l anion, 4§ FFo W AF=2H 7]
5 Solth

LockeygVel 93td FEAIRRE &) &
G 7tA] AW ZEEAE-E HA 4mEq/LeA Hz
53mEq/Letxn dFen EYL 18.5mEq /LoA
100mEq /Letn 3tded 2 FFaMe= HA 6
mEq /LollA H 1 158mEq /L7tA] ©hkst 218
EliRlen By 354mEq /LYl LockeyS¥ol 2
atd Eg 42 dEiHEe =Y 106mEq /Lol 2
B MG L10miAn AEYe &3 5l
3mEq/Le] &% ZHEwl A7 1.790mle] AHdS X
I ed 2 #FFdMe 39 85.5mEq /Lo
ZrEuld 7 1.880mle] AWgS R
92 FERF AL o] B3+ PNy ot
F &Y ZEA7 Zasgurl Aesd 28

B R
oy

>k
T 3
My T ofn

~N
=

T 2l A 5 Atelel] & ZF X7} Fhsig
seled ol B #AdAME FAME Y-S B

LK

Davidson®® 2] B o] o]sl furosemideE AFg-
3 Al A #k2bd| A total body exchangable pot-
assiume] 5% % Fasdon A3E $age A
W Z-E 29l ZH4 & body cell mass®] ZF4d] 23k A
oAl MZU #F iy 9ty #3895 Dieter
SV o o)A RojFNM Y LFAI T B
2 & JeEhliglon Ay ZE X o ujd e gt}
o kg

& AN oA FopoA] HREAZET ¥
A ZAEA7E R 2l ZEAE oA Foigdl
A HlEo o) @A Yl

BaaE H4AAGLe ey gEo] JAAE
AR I HH g ot}
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Tucker g2l <std HAXANYY ZHS F=7}
20mEq /Le] nZEF¥ SmEq/Le|l ALEFFL=E
viro] Hlastgg ol nZEFTAA A TEA
IZFEF 248 2y & Ak stk B B
Ae ZEo] 16mEq/L 238 HAHA N A3
o] Aeged FTEHST AT A AEAIL single
RA cannulation#o] 4] bicaval cannulation* 2.t}
dEHA B2 X E Bgoy (p<0.05) &Fole &
93t Aol gUTh

ARARe] £BRY A%t 29 BEHNE Y
& vl 27 srt.
= | 2
D) 440 93 25 RAVAAL HARES

e FAH8 FasATtrt 4438 F7keted &5 1Y
A HDLAE BAon F 744 243 fAHE 3
£ HEolgtth

2) & ZEAE HF=IFTH AEF T8
7t A gaste FAE LA e
43 FAE FAE Boltirt 2F 194 HaAE
BRew &3 744 A% fAIE FAR HEo &
o

3) €8 olmA R oA A ZFX7} HIFA
oA Hoh dvtE o R e £A5 By ot FAE
& vr«l/‘qg °i%i£“1 a¥ ZFAE ofwal Fojtol

942 31%4.

4) €A single RA cannulation# 7} bicaval can-
nulationFol A 3 ZFEX9 2ol ANt A
8% 243 ¥4 gF A+ single RA cannulation
oA bicaval cannulation:rliﬁ} T B2 F
AE HRow X {98 Aol7t gt

10.

. Dieter RA, Nevill WE, piffare R

. o1%4,

. Vasko KA, Kewall
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