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=Abstract=

Effect of Modified Ultrafiltration on the Postoperative State after
Pediatric Open Heart Surgery.

Jong Kyung Bang, M.D.*, Jong Rok Chun, MD.*, Kyu Tae Kim, M.D. *

Cardiopulmonary bypass(CPB) in children is associated with the accumulation of body
water after cardiac operation, as a consequence of an inflammatory capillary leak. Following
work by Elliott in 1991, modified ultrafiltration(MUF) was introduced after bypass as a
means of hemoconcentrating patients and a potential way of removing water from the tissues.
We have carried out a prospective randomized study of 20 children undergoing open heart
surgery, comparing MUF with nonfiltered controls. MUF was carried out for a mean of 18.9
minutes after completion of CPB to a hematocrit of 37.1%(mean). The mean water volulme
removed by the ultrafiltration was 38.4 mi/kg and the mean blood volume retransfused from
the oxygenator during the ultrafiltration was 32.1 ml/kg. Fluid balance, hemodynamics,
hematocrit, osmolarity and dosage of drug treatment were recorded for 4~12 hours
postoperatively. The results were analyzed using Student t-test and ANOVA, comparing
controls(n=10) to MUF(n=10). Blood loss(ml/kg/24hr) was 14.5(mean) in MUF versus 13.7 in
controls; blood transfused(ml/kgf24hr) 6.6 in MUF versus 152 in controls; plasma
transfused(ml/kg/24hr) 65.7 in MUF versus 59.6 in controls. There was rise in arterial blood
pressure and hematocrit during MUF. Percent rise of systolic blood pressure was 28.8% in
MUF versus 18.7% in controls(p=0.366); percent rise of diastolic blood pressure was 28.8%
in MUF versus 85% in controls(p=0.135); and percent rise of mean blood pressure was
36.2% in MUF versus 8.2% in controls (p=0.086). Percent rise of hematocrit was 40.0% in
MUF versus 23.5% in controls(p=0.002). There was no significant difference in the inotropic
requirement and the postoperative serum osmolarity between two groups. The number of days
on the ventilator, the duration of stay in the intensive care unit, and the postoperative
hospital stay were not significantly different between the two groups.

(Korean J Thorac Cardiovasc Surg 1998;31:456-65)
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Fig 1. Circuit diagram for the technique of modified
ultrafiltration
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Table 1. Comparison of clinical profiles between patients with and without modified ultrafiltration after cardiopulmonary bypass

———————————————— e —————— NP P

MUF(n=10) without MUF (n=10) Difference

Age (months) 17.1 £ 100 31.0 = 162 0.060
Sex

Male 6 4

Female 4 6
Body weight (kg) 109% 3.6 13.3% 4.1 0.494
B.S.A. (m2) 0.5+ 0.1 0.6% 0.1 0.345
Duration of ECC (min) 88.41£32.6 70.0+15.9 0.756
Duration of ACC (min) 479+19.0 38.5+12.3 0.682
Prime volume (ml/kg) 78.7+15.2 7491168 0.543
Blood volume in prime (ml/kg) 269+ 8.7 256% 7.2 0.556
Nasopharyngeal temp (C) 18.6+ 6.3 19.6*+ 25 0.422
Rectal temp (C) 236+ 7.4 258+ 1.6 0.409
Ultrafiltration:

Flow rate (ml/min) 171.4+26.7

Filtration time (min) 18.9% 6.3

Ultrafiltrate volume (ml/kg) 38.4+11.9
Blood volume, added (ml/kg) 32.1%+11.3
Postop. blood loss (ml/kg/24hr) 14.5+11.9 13.7£11.9 0.846
Postop. urine output (ml/kg/24hr) 130.0£34.5 151.4£422 0.717

Postop. blood transfusion:

Whole blood (ml/kg/24hr) 6.6+ 8.5 152+21.3 0.294

Plasma (ml/kg/24hr) 65.7128.8 59.6+37.6 0.409
Postop. clinical course:

On ventilater (day) 20+ 1.2 1412 0.902

ICU stay (day) 44+ 2.1 38%15 0.077

Hospital stay (day) 127+ 3.0 11.7£33 0.804

ACC : aortic cross clamp, B.S.A.
Modified ultrafiltration,
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o auko)) 7bz} Atmele] ALgsigd SHMEeket AN E
g g2 2 A2 2IPACE Agech 2y £
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32 uolxe] foisst wrgkahe i deelrz FHNE
s ZeAd AYAEHSAHSLE FA oo
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extracorporeal circulation, ICU : intensive care unit, MUF :
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Table 2. Preoperative diagnosis of patients with and
without modified ultrafiltration after cardiopulmonary bypass

ASD

VSD 8 8
VSD+ASD+DCRV+PS

(valvular)

VSD+ASD+PDA 1
VSD+PS(infundibular) 1

ASD : atrial septal defect, DCRV :
ventricle, PDA : patent ductus arteriosus, PS :
stenosis, VSD : ventricular septal defect

double chambered right
pulmonary

285 B8 Relopy A4l 47 #A9 4A0
€ 2else dolas S Selb AN A 2
o2 AW S48 F% 1ol xelnhy ABFel
dxeie B FYRgR Y9 3F 52
&
)

TS dotiy] A3, &
s AYsHHET 2
T 9l HAlo] 4¥FL At ow, ol&E £F 2447
Eete] AdMzHE BAAG a8z FTANH EF do-
pamine, dobuject ¥ nitroprusside?] AH-FE AME F SF
A, AF5EAAR A9 o]dF s¥ 4 4T, 23n
A4 A 1044 474 ARG Eo2 £F ATEE)
T AHsld 1%, & F 9444% AN AA 712
P 23 HA¥ q7bA e =AY

A v ndAE 9 HYpHL SPSS FAIAE =2
23-& o83} Student t-test @ ANOVAE AF3lF o p
7ol 005013td HE 3 Ao Hrleigich

a4 o
AEF 48 Zelggs Adsgd Boelsh 2ojz)
e 109024 94 69, 97 490197, AL AF

— D

NEFE 3947k FE5o] )+, HE ‘ﬂ*%‘-% 17.
+10078€ ] Atk AFLE 8kgollA 18kg7hA 2 HT
109+36kg, AXHAL BF 05101 m*Qr}. Tjm Y
zoapy g A @y ilo}(Olfs} 2 HE 10703
] \4—1}- 49, oz} e9o]g) o:]a 23¥= A% 117H-é“
¥ 072 A 7 d9-E 311627080 it AF
9kgoll A 21kg7hA 2 B xll%—f:— 133%4.1kgo] g o1, 33,-&
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Table 3. Operative procedures on patients with and
without modified ultrafiltration after cardiopulmonary
bypass

ASD closure 2 1

VSD closure 10 9
PV valvotomy 1

RV infundibulectomy

Resection of 1
anomalous RV muscle band 1

PDA ligation 2

ASD : atrial septal defect, PDA : patent ductus arteriosus,

PV : pulmonary valve, RV : right ventricle

VSD : ventricular septal defect,

& 88, e Aj¥EE el gl AAFAAE 282
TAE I3, dxFdME ANFAZAE g8, A4S
AE 19, = seHPe] gursl AAFHAAE 1HE
o] 9lithTable 2). Wt AGHE 7|EeE FEe v
wZ3E wf, FTTel ”ér%% itol= ARk

ANz 3] A&l £e9E 24, 2AFFAME A
AFAAEAHEo] 108, AYFAAEAAE 29, o5
#A e 18], $AAY o)A NE AAE 18, HETY

2 A% 27} A9, dapelde 44T AAE
H% 0o, APFARLAAE 19, $AA FREAAE 1

&7} A€ gtk (Table 3).

AeE 3 Aoly] FAYe FFL 2oTTAA
B 71871152 mlkg, HEFNAH HT 7491168 m/kgS L,
22 01101] A7k Hallo] oke 7+7b 269+8.7 ml/kg, 25. 6t
72 mikgoll2n, AeIATNH FAANGEALE 77
T 884132657 479+19.0%, 70=159%-7 385+ 123%
ojict. 131 A€F HAFH  A-(nasopharyngeal
temperature) ¥ 2 A 2L FRoTFoA 2z HF 186%
63T, 23.6174C, 2 FAAE 19.6+25TC, 258*1.6TH
t} o]E FEX BT FEZbol F97 Abel7} ¢k (Table
1).

ZA4A}TAN 23 AT FREEE HT 1714
1267 mimin®] L, HFAIZ-E HF 189163%0] 285
st o] Fetell ZA o] F HF 384F11.9mlkgo]
S, AsiZie) AfAE o) Folgdd R HAAA A

gt‘& & B 32.1111.3 mikg%l tH(Table 1).

3 UATFg Y £¥3 24 QgL
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119 mikg/24hrgich. 18 2L 7|7 FiHAE +¥g
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Table 4. Pre—and postoperative parameters in patients with modified ultrafiltration after cardiopulmonary

bypass (mean value £ SD)

Pre-op. 10min-on ECC Smin before MUE Smin aftef MUF - Post-op. (4hr) " POD #1 10 am:
Hct (%) 33.1 + 36 26522 274+ 49 37.1+ 33 38.8+ 3.0 36.7+3.6
ACT (sec) 885 =+ 176 1500+ 0 940.2+365.1 611.3%:420.9 110.94+29.8 104.6 =23.8
Osmolarity(mOsm) 2854 =* g55 27431335 2732+ 293 2854+ 36.6 282.8+27.5 276.61+36.3
ACT : active coagulation time, a.m. : ante meridiem, ECC : extracorporeal circulation, Hct : Hematocrit, MUF : modified

ultrafiltration, POD : postoperative day,

Table 5. Pre-and postoperative parameters in patients without modified Rrafiltration after cardiopulmonary bypassimean value

+ SD)

Pre-op. 10min on ECC: Smin befure MUF: 5min after MUF Post-op:(4hr) POD #1 10 am.
Hct (%) 33.1 £ 27 247+ 1.3 259 £2.7 305 + 29 39.0 £ 39 3777 * 44
ACT (sec) 1053 *£13.6 1424.1£171.8 6954 +3426 497.6 £268 1109 £28.3 118.1 =424
Osmolarity(mOsm) 2489 +412 270.71+36.6 269.1 446 284.6 £352 279.6 =43.7 281.1 *36.1

ACT : active coagulation time, a.m. :

Table 6. Comparison of the pre- and post-MUF percent rise
of parameters in the control and ultrafiltered patients

MUF(n=10) without MUF(n=10) Difference
Hect 40.0 23.5 0.002
ACT —59.2 —65.1 0.643
Osmolartity 4.0 5.1 0.172

Hematocrit, MUF :
All values are percentages.

ACT : active coagulation time, Hect :
modified ultrafiltration,

¥ 2ATFAM AICEHHET XY 66185 mikg
 (plasma) 65.7F28.8 mlykg/24hro] 11, HE T A&
+21.3 ml/kg/24hr, ¥4 59.6%37.6 ml/kg/24hro] St}
wetA ALz 2oFlA A *f’*‘%] Gk
ol vlste] FQ Aol RGOy FAFgACRE £33 2}
ol7k Atk &F 24AZbFtel WES 2UFS 5014%
A B 130+34.5 mljkg/24hr, HETNA 151.4+42.2 mikg
[24hro] A th(Table 1).

SAF AET LA EY H3E W, 2T e HE
Hoez A2 33113.6%04 A3 AZAE 1080 265
122%% BolZAtt 23 FEET 189 29)F 5
oA 37.1%33%% o 523 45 o, 4L 247}
A vRT £EE FAEGL, drTANE €419 31E
27%ANA ALBFel 247£13%F Yol A t}g 243k
o] TYiL 208 (W AT 2oy Algo] TEH
£ AR siEdhe]l ARg Folx 305129%09c), &

T

ante meridiem, ECC : extracorporeal circulation, Hct : Hematocrit, POD : postoperative day

3 4A70] AR Folof 24T A 2L ELR
A3tk webA A7) et AE LA EY Wt
£ AY&sse] £ gt ALE(percent rise, %)2 e}
W o, 2AALL 400%, HE2TL 235%2H FEel
TARH L Fo Aol7t YR p=0002). A B3}
SIAZER AFsHeEe dske 25 kEtedl el A
o7} §iEl, 43 SRAITE 249 88~105sec] A

A oA A e2Fols 1400~ 1500sec] 42 #4“—01 il
AHGE €% 449 oA 104]9)= 104~ 118secd] 5
22 IEEHNL, Y AFUFEE AP ’*‘i
A8HA| a5 A dSkch(Table 4, 5, 6).

eAFe] FARYYL SN EF €49 9~10
mmHgo| A 22 3% 15 mmHg A5 2 S3t}7} 447 A5
Fo)= 10~11 mmHg $F22 IEIHUY £F 2Py
Aol wE $57] 9 o|gky] FHste] Wil glojde
W7P°ﬂ ot Aolrh stk 2y 2o FY Al o

£ 37 T w3t oFe e FAgAH R foF A
01% R AL LHp=0.086), YA P—E— 2}01 iﬁ : -ﬁ— =
AdfFoMe HEReE HE 150
542%10.5 mmHgol| A o=y A] . sv‘:}oﬂ% 73.8+13.8
mmHgZ A58y 362%9) 4552 101 ahd o], djxel
ME 586%15.3 mmHgolM 634+152 mmHgZ AH45ste]
82%2 ASEL Belo g o7l eArA
0]Z R th(Table 7, 8, 9).
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Table 7. Pre- and postoperative parameters in patients with modified ultrafiltration after cardiopulmonary bypass (mean value

+ SD)

: 1min after ECC

10min on MUF Smin after MUE

‘ Pre-op.
CVP (mmHg) 9.0 = 33 128 = 33 129 £ 338 129 = 3.2 120 £ 2.7
SAP (mmHg) 912 + 17.0 782 £ 16.0 80.5 + 198 100.7 * 18.6 1145 = 16.7
DAP (mmHg) 542 £ 111 434 = 8.8 453 £ 119 559 = 11.8 655 £ 119
MAP (mmHg) 649 £ 11.0 542 £ 10.5 55.7 = 14.5 73.8 + 13.8 84.1 = 155
CVP : central venous pressure, DAP : diastolic arterial pressure, MAP : mean arterial pressure, MUF : modified ultrafiltration,

SAP . systolic arterial pressure,

Table 8. Pre- and postoperative parameters in patients without modified ultrafiltration after cardiopulmonary bypass (mean

value £ SD)

. 20min after ECC

10min after ECC Post-op. (4hr)

- _'—____—_——————-—u———————" i

Pre-op. imin after ECC
CVP (mmHg) 102 £ 29 129 *+ 5.6
SAP (mmHg) 1014 = 150 81.4 £ 242
DAP (mmHg) 60.0 + 13.0 435 £ 123
MAP (mmHg) 77.0 £ 132 586 £ 15.3*

139 = 2.7 152 £ 38 107 £ 22
925 £ 209 96.6 = 22.8 1093 £ 89
455 £ 10.6 472 £ 119 62.8 + 5.6
61.6 = 153 634 £ 152*%* 79.8 * 6.9

CVP : central venous pressure, DAP

pressure, MUF : modified ultrafiltration, SAP :

¥ 92w, dopamine, dobuject ¥ nitroprusside] Ao 9l
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: diastolic arterial pressure, ECC

: extracorporeal circulation, MAP : mean arterial

systolic arterial pressure,

Table 9. Comparison of the pre- and post-MUF percent
rise of parameters in the control and ultrafiitered patients

MUF (n=10) without MUE (n=10)  Difference
CVP 0.8 17.8 0.210
SAP 28.8 18.7 0.366
DAP 28.8 8.5 0.135
MAP 36.2 8.2 0.086

CVP : central venous pressure, DAP diastolic arterial

pressure, MAP : mean arterial pressure, MUF : modified
ultrafiltration, SAP : systolic arterial pressure, All values are
percentages.
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Table 10. Postoperative drug treatment in patients with modified ultrafiltration after cardiopulmonary bypass(mean value £ SD)

Post-ECC in OR 5min in:ICU 4hr in: ICU POD #1 10 am,
Dopamine (ug/kg/min) 38 = 338 23 £ 22 1.5 = 1.8 10 £ 15
Dobuject (ug/kg/min) 42 + 25 46 = 34 5.1 = 3.6 41 = 23
Nitroprusside (ug/kg/min) 07 £ 06 1.1 £ 14 06 £ 04 05 = 03
am. : ante meridiem, ECC : extracorporeal circulation, ICU : intensive care unit,
Table 11. Postoperative drug treatment in patients without modified ultrafiltration after cardiopulmonary bypass (mean value
+ SD)
Post-ECC in OR Smin in ICU 4hr in ICU POD #1 10 a.m.
Dopamine (ug/kg/min) 1.4 + 33 06 = 14 1.1 £ 19 13 £ 23
Dobuject (ug/kg/min) 40 + 27 51 % 34 43 £ 26 38 £ 28
Nitroprusside (ug/kg/min) 09 = 0.2 07 = 03 06 £ 0.3 08 * 1.2
a.m. : ante meridiem, ECC : extracorporeal circulation, ICU : intensive care unit,
o o] X)) 2 3o 0] Aol BlE Q)
Table 12. Comparison of the percent rise of drug dosage SEE ioq“;t“ 1 w2 23 ne Aol 2 Aol
A =] )=} -]
in ICU in the contol and ultrafitered patients WA ek o] AL s dAlFEdle Agme
3y ALE xZa k184 zZo] L
MUF (n=10) without MUF (n=10) Difference ARt H273 °“‘__]74 Aol Al AlFishes Cell
Smerth: 7 A APLZA, S BAAAE A3
popamine o S e FY% AHoz B P g dnRe 2ejzy
obuject . . . ol o o = =
Nitroprusside 57.1 222 0.190 o s A=A 47] H2el olF FHA71 ] Ao
Fo 2oh @ ) Tzeb(promming)e 82 drhn
s},
AL AR BAA AE AZelgdd, olg AEA YA ATH FoATUZ AUES Fh o=
Zolzlo|gtm &u, o]32El Aqle AAsLd] ALl AAL Ao FAE AL o, ALo] 28T A=} H
3 ¥EE Folbvl AT Lk PkE 2T F T ARIA AFste] AL FEE WA A
2590, 1980 oo %oquh 2oz Ahgo] m¥ ATH RFPL FEE s HYTEAHES B AT
s E A Lo}le] AL AdE AEA 2oTHo] o] LE 7] el @43k o1, o] F Alsh= Ftoll dsto] £UA
ARG, 2ot 19919 Nk S90 AEA Zelapin S, A4Sl B9 B @A stelr] dre] B
g AsulolfAE FEF Fol BA Aysaue gz Y] AL wex Agel AkE W I3, &
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