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— Abstract —

Effect of the Extracorporeal Circulation on Renal Function
in Adult Open Heart Patients

Jae Won, Lee, M.D.*, and Kyung Phill, Suh, M.D.*

Renal dysfunction is a common complication of open-heart surgery: a form of controlied hemorrhagic
shock, and successful perioperative management of renal dysfunction depertds on recognition of the risk fac-
tors and optimal manageﬁent of factors influencing renal function, including cardiopulmonary bypass, and
early detection of renal failure.

Changes in renal functional parameters including Ccr, Cosm, CH,0, FENa, and RFl were observed prospec-
tively in forty five patients operated on at Dept. of Thoracic and Cardiovascular Surgery, S.N.U.H., from April
to June, 1985.

They were 23 males and 22 females with 35 acquired and 10 congenital heart diseases and the mean
age and body surface area of them were 38.0+10.3 years (22-63) and 1.55:18 M*(1.1521.92) respectively.

Followings are the conclusion.

1. The Ccr, representative of renal function, is significantly improved from 90.2131.3 ml/min/M? preoperative-
ly to 101.5+36.4 ml/min/M? postoperative ond day (P<0.05), and all patients were classified as postoperative
renal functional class | of Abel, which representing adequate renal protection during our cardiopulmonary
bypass.

2. The Cosm is significantly elevated at immediate postperfusion time and remained high at postoperative
one day representing osmotic duresis at that time, but CH,O shows no significant changes at immediate
postperfusion period and is decreased significantly at postoperative one day, representing recovery of renal
concentrating ability at that time with decreasing urine flow.

3. The absolute value and changing tendency in FENa and RF! during perioperative period shows no dianostic
reliability on these parameters, but those of CH,0 appear to reveal future renal function more accurately
than Ccr. '

4. The depth of hypothermia may be protective upon renal function against the ill effects of prologned non-
pulsatile cardiopulmonary bypass.

5. The depth of the hypothermia, pump time of more than 150 minutes, poor cardiac function, and intraoperative
events such as embolism appear to be related with immediate postperfusion renai function.

6. Hemoglobinuria and hemolysis, poor preoperative renal function, history of cardiac surgery, and massiv -
transfusion associated with bleeding appear not to be related with renal dysfunction.

* Aeudadd Feedagtady
* Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital
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N 45 1 34 7 5 10 5
M:F 23:22 3:8 20: 14 5:2 6:1 2:3 3:7 4:1
Age  38.1:10.3 39.0+13.0 37.8:+9.2 .
wn) 022 63) 25-63) (oo-5y 310£47 399472 456171  362:10.9 39.6463
BSA  1.55:0.18 1.42:0.17 1.59:0.16
m) (115-1.92) (115-170) (132192 1-56%0.09 1641016 1543012 1.225019 1.66+0.12
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F € % Ha=zz dd A4z
MVR 8 (1) 10
MVR +TAP 3 5
MVR +AVP 1 1
AVR 4 4
AVR+MVR 6 (1) 8 2
AVR+MAP 1 1
AVR +PDA ligation 1 1
CABG . 2 2
Intraluminal graft 1 1
Bentall op. 1 1
LA myxoma 1(1) 1
ASD patch+MCR 2 2
Pulmonic valvotomy 3 3
VSD patch 2 2
ASD+MAP 1 1
ASD+RVOT 1 1
TAPVR 1 1
Total 34 45 11
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% 2A4%9 U/P osm, U/P N,* € UP C,u&
Fatdod ol & o83t Cer(ml/min), Cosm(ml

/min), CH,O(m1/min), FEN, (%) % RF1 & ¢
A 58 ol ot A4l H4AE2 AFHH 1,73
m ez B Ezsalan,
Cer = %Cr X urine volume/min m
U . .
Cosm = P osm X urine volume/min 2
CH.,0O = urin volume/min — Cosm 3D
FEN, = gN, + % C, x 100 €D
.U
RF] = UN, + P C, (€:D)

v}3 & morphine sulfate (1 -2 mg/kg), Pancuroni-
um bromide(0.1-0.2mg/kgd & N;0 -~ 0, & +}&3}
oo AR AFFTEANZ A8E =E3AUF o4 F
ABFHAE olBsAn. AFTAA AL American
Optical 8] 5 - headed roller pump 2} Shiley S-100A
7|28 47§ AMSEes Adrlde dHatAH 3
32§ A4HE 1 %ol Hartmam §4& A 52 15

cc, 15 % mannitol g 3| 5% 6cc, Dexamethasoned ]
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Cer<30 50<Cer<100 Cer>100

MAP<50mmHg 21.8+23.5 23.9+25.2 21.1+23.0 11.4+9.5 22.0+19.0 39.0£42.5 20.3:145 17.0+14.7

(min) ( 0-120)
Temp, Rectal 274432 265+19 276435
('c) (24 - 36)
Pump time
(min) (14 -275)

Aortic clamping®

33.61+2.3 27.0+1.6

79.5132.1* 88.3+34.5* 76.6+30.6* 23.3+24* 65.0+16.0 92.0+29.9

246+08 256109 27.2+0.7

106.4£54.9 128.0+59.7 99.4+51.3 38.0+12.0 100.9+33.1 131.0+20.7 111.6+35.7 134.2466.7

89.0+29.7 84.4+10.8

time (min)

DC shock 1.29+1.39 1.18+1.40 1.32+1.39 0.433+0.491.83+1.73 1.60+1.40 1.80+1.20 0.6+1.2
Hgburia 13/45 311 10/34 0/7 2/7 4/5 3710 1/5

CVP preop 106+4.7 11.1+439 105450 9.3+28 86134 14.2+7.7 10.3+4.7 11.8+6.2
(cm H20) Postop 13.4+5.1 13.6+5.9 13.3+4.9 131124 12.0+53 14.0+52 14.7+4.7 122459

* in patient with aortic clamping (40 patients)

— 721 —



2] RoaAse] dFAFHNA HEUAAR AEs e
8 EE JIFoE HAEE M EF3d vimnAFe
D24 dgclAes Fo=E A

BaAe BAH FoEE FYTAAML FEHAF Y
2ol Sudent & paired t-test, A& ot F9 v
2ol unpaired t-test & AP e PC.05SE #F
249 FAZ sk =3 FEREY ASEY 2
F3A, vol, AYsBAZE A28 45, AEY
A7 T3 AV Higae] dadAe F4 4R
284 A gle] 2ol

% (scatter diagram) &

A

3% 0.214min/m* ©)
N+ FozdEugdn
Ao 14 oA %ﬁlﬂ'ﬂl o] Ay A}l 41 9] Q)
A Sl AT FYLBYLA A 28
T AEE BAL ARG 5 AR Held AR x
T XA 7R AhE Al SRl A 79.5432.1
Folloh AANABLTE 27.4%3.2CTE 24 CollA
36 CAA £E5o] ded FHLARTFL 24Cco4
29 Crbal FEslof e

455 BFEAUel 50mmHg ol BA

fo
w1 o

>
r\l
p

—
(=1
G’?
.h
I+
fJ'l
lD

o 2 32
ox o
iy

FET A7ke 21.8
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€ A28y A5 Cor®f H3EY AL 2 Aok ATAATAY AAF AL5e] 8L 93
248 Axsigr o BF 1.29+1.3939 D/C shock -2 Al#sisle
BE AT Yot EEUXE BA S FTEFEF §Uog A¥sed HREENNE B
Bae 132 (29%) Fow FAAAYL T4 P
& ot § 753 Ads A% AR 10647 2135 %
) 5.1 cmH,0 g+t
1. M@ (R 3)
24, AR5 48
A @ A = ¥ aaxd
n=45 1 3¢ ARART 428
o) ke Al v] AL BT o] %A AHET

Ca<50  50<Co<100  Ca>100

.+ Preop 902:31.3°° 9231363 895:20.5°" 10574244 10432119  408:7.1°" 764213.0°% 12104104
Postop 101.5:36.4 71.1+22.6 111.3434.6 108.1:54.2 1189:26.1 9561423 111.7417.0 12023171
Preop 2.73:1.34  267£120 2753$1.38  2.55:082  2.95:1.18 1582072 2.79£1.39  3.8411.7]
Cosm® Intraop 4.3031.10°* 4.01:1.10°* 4.3941.10°* 394:1.36°° 543+0.72°" 4.65:0.87"" 3.94:0.85"" 4.21:0.64
Postop 4.0042.157°* 3.52+1.77 4.154227°"* 3.932146""" 6.08-1.88"*" 3792273 3.19:0.78>* 4.0043.36
Preop -143:1.03 =-1.2051.00 -15140.99 -147£045 -1.77:0.89 -0.75:047 -1.49:1.11 -1984132
CH20* Intraop -1.483084 ~1.2040.80 -1.56+0.95 -1.622069 -2.4421.20 -1.18:065 -1.14:080 ~19741.29
Postop -2.33+0.56°" ~1.98+1.20 -2.4441.68"* -2.47+1.26°* -3.604+1.33"" -2.2121.87 -1.75+0.68"* -2.384+2.69

FEN,: PreOP 07450647 07205077 07430667 093052  0525024°" 0703083 082:075 0284030
Postop 1.33:1.36  1.60+0.98 1244148  082:083  193:1.79 1641227 0.8820.88  1.16+1.67

gpy  Preop 10150797 0995081 1.014079°" 1355068  0713034°" 0862117 120£1.10  0.61:060
Postop 1.77:1.63  2.09:1.31 1.664173  1.092109  250%231 2181300 127:126 1511147

gp- Preop 269168 269+4.1  263:4.9 3564124 3081495 2381111 255:53 277159

Postop 25.2:9.231) 22.7:9.3(7) 25.9:9.224) 2512988 23893 284189 235474

() number of cases studied
SF : LV shortening fraction on echocardiogram
* : standardized with 1.73m’ of BSA: mi/min/1.73m?
** . statistically significant P<0.05
=** . statistically significant P<0.05
+ . percent
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1) BUN ¥ C,. A
459 HAel4 BUN % CrAv 39 195
+10.13 1.1 +0.3mg%lA €% 1= 18,1

+7.05 1.0+ 0.3mg %22 F93 d3E BelA §
ged AnEH MARE APAAE FAY AT 2
Ae + gges £F 39 3 7960 3% BUNY
C, A= BUNCSO, G <1.59] ¥elE wold o€ g
Ao

2) asorgd Bag (Cord
A% 25elq Co & £44 90.2 + 31.3mé/min/
1.73m? olQm 453 1elE 1015+ 36.42 §
& 28 ¥o (t=1.99, p<0.05). AlmZ 114
HE 92.3%36.3604 T1.1+22622 EAAH

ololgiol adg ot vALTT M 895 %
29 50]A4 111,3+36.42 2§ Z718 2A (p<
0.005).

ARHAYTL £A8 Wit gl FR4IET
(X 5) o] M=o A AR T ol Z7HE ¥ 2 (p<0.0025)
ol xA ]S Tl A E Hast gislen A Ce ol

zZ5.

o] Al L&

7zt 50 R 1000]8kel Tl E FAF F71E RA
ou Cgol 1000) 4ol FollA& Fo% wHit &

A5z ok
3D AFAH 48 (Cosm, osmolar clearance)
A FoAH $5A 2.73 % 1.34mf/ min/ 1.73m?l| 4

LB E 4,30 1.1002 FoJsid Zrisigon
(p<0.00001), 4<% 1ol 4.00+2.1582 AL
¥ 5L FA8A (p<0.001).

AnTolAE €4 2.67+1.20004 HYLB{AF
4,01 +1,1002 Z7(pd0.0) et EF 1Yo
£ 3522 1.772 $4AH3 EAA HolF dHUA
25w, vAlnFelAE JATH FYS ¥4 R
%o} (p<¢0.00001, 0.0025) HHAHBF omAulAl
LM E A% Fo2 F7HE 2go (p<0.025,
0,025 2 p<0.0005, 0.00025) o] xMARRTolA:= 2.75
+ 1.57oflA] 4.19 %+ 0.86 2 AA (p<0.01), £F 1
Qo thA] sl AFdse] 3.54x2.2602 HJ
o (& 5).

ol A AR TF Cer o) 100 0]3} s‘gz} —S—

84% A7 4@ 7 Rdoy Cor
Ql FollME A% W Uk

4) AFE%4E# (CH.0,

CH,0& A o4 -1.43 £ 1.03m{ /min/1.73m* ol

Ao
100 o] 4

free water clearance)

F3 o AETY vla

Diuretic group (20)

nondiuretic group (7)

Temp, Rectal (‘c) 25.84+1.26
PT 123.6+45.0
ACT 89.6+26.5
Ce Preop 78.7+30.6
! Postop 109.8 4 27.3**
Preop 2.75+1.57
Cosm Intraop 4.19+0.86**
Postop 3.54+2.26
Preop ~-1.43+1.14
CH20 Intraop ~1.24+0.69
Postop -2.02+1.73
. Preop 0.73+0.76**
FENa Postop 1.4121.45
Preop 0.99+1.05
RFI Postop 1.56+1.93
SF Preop 256475
Postop 26.2+9.1

NS
NS
NS

27.01+1.6
100.9+33.1

65.0+16.0
104.3+11.9
118.9+26.1

2.95+1.18
543+0.72*"
6.08+1.88**"

-1.77+£0.89
-2.44+1.20
-3.6041.33***

0.52+0.24**
1.93+1.79

0.711£0.34**
2.50+2.31

30.815.0
25.1+9.9
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A4 BHFAE -1.48 20,942 (p)0.05) FA=Ts} &
3 1gojE -2.33+ 1,56 02 zhA3 o (p<0.001).

AnTdAE AS I3 H3sl e HAlzT
dAE AT ZL L RAF(pC0.05) w]Am
79 #34F AR4A BT o uAvAETE HAT
3 EYG kA wHE BAou olxAH AL T o} A
£ #93 wast s gtk

5) FEN,(fractional excretion of Na)

A a5 o)A 0.74 % 0.64 %ol A 1,33 + 1.36% 2
f8 Z71(p<0.01) F 2P en vaagd And
o] A ztzt 9|8 (p<0.05, 0,0025) Z71& Mg 4
HAABTANAE AT 1 %olsll o Eel AR
on FRGARTAME €3 oluA AL e A
Aol fF E7E B £ERAT HTE 1 %ol ol
Ao

6) RFI (A2AX4, renal failure index)

ARAR F FENa 2o} 7} ¥4 e Fgo) o
gon ATl €4 1.01 +0.79}4 €% 1.77 %
1.63 2.8 $93 Z7} (p<0.005)§ P en] wlAlzm

T3 AnTelAE 47 f4% F7H Ao (p<0.05).

o A M AT HE 7 (€0.05) F7HE B
o AnANETH QRIAVTAAE FAT ¥
7 gt

3. AHAAEY

D 4AFAZE 6)

AR FEFAZLS Cor ) 3L AERAA AW
s gelig ot A a5HF AL AVSHAY H
Bpopate] ohE AUAAUTH, AnTdF Cod T4
7t & 5% 12:& A% 339 fHAANH A#AH
EA7ke] 90 HoldH(8a)), 150 Fols} (184)) R 1%
Bol4(7a) g ¥Fate] vimd A} 90F P 150
Fol3iql BATFoNAE Cord % F77F AAHIA
o} 150 Bol el fAFAdE §% Fohob s
A st

2D HAFRLE (T 3, 4)

ARARETH AnTE AT 2739 BAAA
S£ 24 S ARsan o AL AAAFL
=& 20 29CAA 22 URed Cod
B (Lls—x1m) & ~a744 258747 FEe]
A= AZEA e F A0 e HEl g 50 &
tatd R 42 W8 ¥ W2 Tz (D 3
Fer 2 X2 3l Y=44.7—-1.35 X (r = -0.79,p¢
0.00001) 8} 37148 dLUcH(E 3). o] 2| XLe]
A Ceol 24 Y(Y.1DE 21Col4 29C Aol
of 2250} lAen o] Y=17.1¢F =Aue
A Fex e 27.97ColH

E6., AAF Az Cod ¥y

PT<90 90<PT<150 PT>150 min.
N 8 18 7
Ce Preop 87.5_121.4 80.6+33.1 93.7+31.0
i Postop 105.3+16.6 107.2+ 36.0 93.64+28.4
T Value 2.63 2.24 NS
P Value <0.01 <0.025
Temp, Rectal (c) 26.6+1.6 NS 25.8+1.3 NS 26.7+1.7
SF Preop 26.91£5.4 (7) 26.5+7.5017) 29.4+8.9 (7)
o Postop 21.8+8.3 27.2+8.4 22.0+10.7
P Value NS NS NS
C.1. (/min/m?) 3.76+1.09 P=NS*
3.03+0.56
2.4010.74 P=NS*

+ Not significant: P>0.05
PT: Pump time
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of Aol A 4 AFAZI0) 150 ¥ o] 4] BAEL 43
BFAZN Y Cor o W7} ol wise] glem
% ol BAEE HAAPLEA 12 o RE @

LCe  x100+50
Preop Cer

L
17

Y= 44.7-1.36X
[ 1= ~0.79
n=27

O mean y of the

Tempersture

3 T T g v
24 25 26 27 28 29 Temp(°C)

£3. AAAFLEY Co o HWBEH A3

& Cer
x 100+ 50

Preop Cer
I .
17 o
Y=12.5-1.38X
8 re-0.83
n=27
O mean y ot the
. 3
13 o score

3 x

[ 1 2 3 4 $
£4. AAYRLE L ANBFALY Cer 8
se) A2

Score

g

Ao 245 4 FAE X2 o] “HYH4 " (risk
score) 2t Y3z APAS} Y Y74 T
Y=12,5-1,38 X ( r=~0.83, p<0.00001) 2] -4]-8 F
g ¢ AU (E 4). o) ATl oald Cer o] P
A He AP HSFT 3.90 4o,
3 944, AFF AYLA
o] 53 Cor 9 W3S 4ES A A3zAl7} gigddh
4 FEFoI Fol A7 Atz FA R 1)
AznFE 113HE 492G Corol 73 B8t
7 = d3lde 322 s 5 ded Cerol
& BAEE £4%5 ¥ 2440z A7FGH P
(ad), 441D, Fe149 #A94 £¥
o 93 A4AAF Z 15l 28R AFed
s} AYL A% AAABF 18 4E Cerol #
AW = FrretA=
5) 4371532 #A (&8, 9) .
£ AEARALE 4FNE(C. 1) 2 Ad4a4
9 S.F. 3 A759 Wit 4xx4 Azt g
ey Atz Tl Cor 7b S7M0A fA42 448E
A% aleo] A Ce ol 7@ 1439k F7HE 274
£ vxg ZF Cerol Z71% T €3 A5 32
+ 1.14/min/m? o]l oW 74 Tl 2.4£0.7
2§93 (p€0.025) AF ehdd et EI FEHSF-

ofM P oln

BT, AnFd4Y Cerd w4 Fa7t A9 T3 4

RN
Cor A Cer
Complication preop postop m
Cery Reperfusion after MVR 143 98 -31
for valve revision
Reperfusion after AVR 114 65 43
for bleeding control
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