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Background : Systemic inflammatory response after a cardiopulmonary bypass is a key
factor in the incidence of postoperative pulmonary hypertensive crises in children. Our study
evaluated the effects of modified ultrafiltration (MUF) on the ability to remove chemical
mediators, hemodynamics, and pulmonary function.

Methods : We studied 24 consecutive patients with a ventricular septal defect and pulmo-
nary hypertension who underwent venovenous MUF after cardiopulmonary bypass. Chemical
mediators were measured and pulmonary function was examined before and after MUF.
From 1999 through 2006, 48 patients underwent arteriovenous MUF or venovenous MUF (MUF
group). From 1993 through 1998, 38 patients underwent cardiac surgery without MUF
(control group). Ventricular septal defect with pulmonary hypertension was diagnosed in all
patients. Use of dopamine hydrochloride and the incidence of pulmonary hypertensive crisis
were compared between the groups. In the MUF group, changes in the pulmonary arterial-to-
aortic pressure ratio (Pap/Aop) before and after MUF were examined.

Results: 1) Levels of thromboxane B2, interleukin 6, and endothelin 1 were significantly
lower after MUF (3734241 pg/ml, 306+231 pg/ml, and 1.22+1.41 pg/ml, respectively) than
before MUF (757+731 pg/ml, 380+328 pg/ml, and 2.16+2.79 pg/ml, respectively). MUF
produced significant improvements in the ratio of the partial pressure of arterial oxygen to the
fraction of inspired oxygen, the alveolar-arterial oxygen delivery gradient, and the respiratory
index. 2) Use of MUF significantly decreased the Pap/Aop and the incidence of postoperative
pulmonary hypertensive crisis. Use of dopamine hydrochloride was significantly lower in
MUF group.

Conclusions : MUF may help remove chemical mediators, especially thromboxane B2 and
endothelin 1, associated with increased pulmonary vascular resistance in children. The Pap/
Aop decreased significantly after MUF. MUF may also help decrease the incidence of
postoperative pulmonary hypertensive crisis and produce an immediate improvement in car-
diopulmonary function. The results of this study suggest that MUF is beneficial for patients
who have congenital heart diseases with pulmonary hypertension or impaired left ventricular
function.
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Table 1. Patient characteristics

N (female/male) 24 (6/18)

Down 7
Age (month) 2~21 (5.0£3.9)
Weight (kg) 3.56~10.4 (5.4£1.6)

Qp/Qs 0.99~2.79 (2.28+0.59)
PVR (wood * u) 0.96~7.33 (4.17+1.59)
PAp/Aop 0.30~1.00 (0.73+0.19)

Qp/Qs=pulmonary-to-systemic flow ratio ;
PVR =pulmonary vascular resistance ; PAp/Aop=
pulmonary arterial-to-aortic pressure ratio; SD=
standard deviation.

We studied 24 consecutive patients with a
ventricular septal defect and pulmonary hyperten-
sion. 7 patients suffered from Down syndrome.
All patients underwent a biventricular repair using
cardiopulmonary bypass. Their ages ranged from
2 to 21 months (5.0+3.9 months, mean=+SD).
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(pump) (Ultrafilter)

Fig.1. MUF circuit.

MUF =modified ultrafiltration; RA=right
atrium.

A veno-venous MUF method was used in all of
the patients. In this method, the patients’
right atrium venous blood was drawn into the
MUF circuit through the tip of a 11Fr double-
lumen catheter inserted into a right atrium and
ultrafiltrated using Aquastream AS04 (JMS,
Tokyo, Japan). After ultrafiltration, the fil-
tration circuit blood was returned to the
patients through same catheter. MUF was
performed for 30 minutes. An ultrafiltration
rate of 10 ml/kg per min was controlled by
HCP-5000 (MERA, Tokyo, Japan). This
MUF circuit was separated from cardiopul-
monary bypass circuit.
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Table 2. Patient characteristics

F group C group p value

N (female/male) 48 (22/26) 38 (17/21) 0.9192
Down 16 4 0.0129

Age (month) 1~21 (5.1£4.0) 2~16 (6.3£3.8) 0.1616
Weight (kg) 3.2~10.4 (5.2+1.4) 2.4~12.0 (5.8+2.3) 0.1393
Qp/Qs 0.99~4.80 (2.53%1.09) 1.20~4.20 (2.20£0.67) 0.1055
PVR (wood - u) 0.96~11.3 (4.33+2.58) 1.40~9.70 (4.35+2.43) 0.9709
PAp/Aop 0.30~1.00 (0.78+0.16) 0.47~1.00 (0.79+0.16) 0.9709

F group=MUF group; C group=control group (no MUF) ; MUF=modified ultrafiltration ;
Qp/Qs=pulmonary-to-systemic flow ratio ; PVR=pulmonary vascular resistance ; PAp/Aop=
pulmonary arterial-to-aortic pressure ratio; SD=standard deviation.

We studied 86 patients with a ventricular septal defect and pulmonary hypertension, 48 patients
in MUF group and 38 in control group. All patients underwent a biventricular repair using

cardiopulmonary bypass.

Data are expressed as mean®=SD. There was not different signifi-

cantly between F group and C group without morbidity of Down syndrome.
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TXB,
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Fig.2a. The time course of the plasma TXB2

level.

TXB,=thromboxane B,; MUF=modified
ultrafiltration ; CPB=cardiopulmonary by-
pass.

The error bars are the standard deviation
(SD). Data are expressed as mean+SD. A p
value less than 0.05 was considered significant.
TXB, level increased significantly during CPB
(p=0.019) and decreased significantly from
757+ 731 pg/ml before MUF to 373+241 pg/ml
after MUF (p =0.0052).
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Fig. 2b. The time course of the plasma IL-6 level.

IL-6=interleukin-6 ; MUF =modified
ultrafiltration ; CPB=cardiopulmonary by-
pass.
The error bars are the standard deviation
(SD). Data are expressed as mean+SD. A p
value less than 0.05 was considered significant.
IL-6 level increased significantly during CPB
(p=0.00015) and decreased significantly from
380+328 pg/ml before MUF to 306+231 pg/ml
after MUF (p=0.034).

R A RE 254 400490.3, 102+46.8, 0.77+0.75
TdH ol BRSEBRIE T & MUF 17 Bl 272+
152, 377+166, 3.44+4.34 EHEICEL 223,
MUF # T KfiZ 344+133, 293+163, 1.72+2.59 &
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Fig. 2c. The time course of the plasma IL-8 level.
IL-8=interleukin-8 ; MUF=modified
ultrafiltration ; CPB=cardiopulmonary by-
pass.

The error bars are the standard deviation
(SD). Data are expressed as mean®=SD. A p
value less than 0.05 was considered significant.
IL-8 level increased significantly during CPB
(p=0.000028). Despite IL-8 level did not dif-
fer significantly between 51.4+35.7 pg/ml
before MUF and 42.9+25.0 pg/ml after MUF

(p=0.059).
ET-1
(pg/ml)
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P=0.88 P=0.033
4 1
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Fig.2d. The time course of the plasma ET-1 level.

ET-1=endothelin-1; MUF =modified
ultrafiltration.
The error bars are the standard deviation
(SD). Data are expressed as mean®=SD. A p
value less than 0.05 was considered significant.
ET-1 level decreased significantly from 2.16 &
2.79 pg/ml before MUF to 1.22+1.41 pg/ml
after MUF (»=0.033).

KR EEICHE L (Fig.3a, b, ¢).
2. ERFRRYBINE
F BV T, ALLA#ERE MUF M1Ta1 0
it Bh AR E/ R B IR IE L1 0.52+0.17 T & - 72 8,
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Pa0,/ FiO,

(mmHg)
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200

100

post intubation
. 3a.

Fig

P=0.0084

pre MUF

Changes in Pa0,/FiO,.

FiO,=fraction of inspired oxygen; MUF=
modified ultrafiltration; CPB=cardiopul-
monary bypass.

The error bars are the standard deviation
(SD). Data are expressed as mean+SD. A p
value less than 0.05 was considered significant.
Pa0,/FiO, decreased significantly during CPB
(p=0.0066) and increased significantly from
2724152 mmHg before MUF to 3444133
mmHg after MUF (p=0.0084).

A-aDO,

(mmHg)

600
P=0.0000089 P=0.0038

450 I
300 T
150 {

0

post intubation

Fig.

pre MUF

3b. Changes in A-aDO,.
A-aDO,=alveolar-arterial oxygen gradient;
FiO,=fraction of inspired oxygen; MUF=
modified ultrafiltration ; CPB=cardiopul-
monary bypass.

The error bars are the standard deviation
(SD). Data are expressed as mean+SD. A p
value less than 0.05 was considered significant.
A-aDO, was calculated as:
A-aD0,=713—PaC0,—Pa0, (Fi0,=1.0)
A-aD0O,=Fi0,x713—PaC0,/0.8—Pa0,
(Fi0,<1.0)

A-aDO, increased significantly during CPB
(p=0.0000089) and decreased significantly
from 3771166 mmHg before MUF to 2934163
mmHg after MUF (p=0.0038).

post MUF

post MUF

[ES

RI

10

P=0.012 P=0.013

post intubation pre MUF

Fig. 3c. Changes in RI.
RI=respiratory index ; A-aDO,=alveolar
-arterial oxygen gradient; MUF=modified
ultrafiltration ; CPB=cardiopulmonary by-
pass.
The error bars are the standard deviation
(SD). Data are expressed as mean+SD. A p
value less than 0.05 was considered significant.
RI was calculated as:
RI=A-aD0,/Pa0,
RI increased significantly during CPB (p=
0.012) and decreased significantly from 3.44+
4.34 before MUF to 1.72+2.59 after MUF (p=
0.013).

0

post MUF

MUF #& T 0.35+0.11 L AEICETLTE D
(Fig. 4), RGBT O IREIIRE 38 WEEFIZ &
ZDORRIIFEETH > 7z,

O MiE IMEFERAEE L T, Fi
TR 1FlOATHY, CEHEID ALK, il
BMEFERBERIZ F B2 97.9% THo71-D I
ItL, CEETIZ68.4% I %57 (Fig.5).

it D DOA #5351 (y=pug/kg/minute) 128
WTH FEIZ 4.00+£225(y) THo 7Dzt L, C
B3 6.82£3.00(y) TH D, MUF HifTEEHSHH & 2»
W27z (Fig. 6).

Iv. £ %=

MUF 5 ® i 1% arterio-venous MUF
(AVMUF) & veno-venous MUF (VVMUF) 2%
H 5. AVMUF IZRIMESRE T 1, T REIRIC
WE S NRM A = 2 — v o BRI 2 B L,
ultrafiltration L7: D B ICAREICEINYT % HEET
H5. —7, VVMUF 3RIMEEE T I B A
=2 — Vv 2KFEL, HFEI double lumen catheter
ZRAL, AFE» oL, ultrafiltration L 7z D
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PAp/Aop
1.0 o
T paired t test
'A""'l..p=0'0000000031
0.8 o

pre MUF

Fig. 4. Changes in PAp/Aop.

PAp/Aop=pulmonary arterial-to-aortic pres-
sure ratio; MUF=modified ultrafiltration;
SD=standard deviation.
Data are expressed as mean=®SD. Paired ¢
test was used to compare values at different
time periods. A p value less than 0.05 was
considered significant. In MUF group, PAp/
Aop decreased significantly from 0.5240.17
before MUF to 0.35+0.11 after MUF (p=
0.0000000031).

post MUF

%12 double lumen catheter =/ L CHBE KM
T35 HETH5. AVMUF i35 5 5 U DHEEEHNIC
filter & & Z & T, MUF BtAER I 7z 72 [HIEE %
Iz 2 8% », —F, VVMUF Tk dou-
ble lumen catheter #EFENICIHA T 2 #IELIN
b2, HTRKEIROY 4 XicgBEshsd e d
7t <, %7z, arterio-venous shunt 2% 3 Z &
25, MEOBREFE 2HRET 5 2 L HHET
»H Y, filling pressure DHERFLBEZTH D LD
FIEEEED, Thbb, BIMEEREENE O LHEE
DRZE I AVMUF 2 /173 2 L £4
¥y v ML, MATEREDHMERHICAHTH 2 25,
VVMUF BT, &0 A&y 2miTEREOH
BB TE %, & 512, MUF afTdnic b I
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Ebns.,

Freedom of PH crisis

50 97.9%

40 68.4%

x2 test

P=0.00015
30

@ PH crisis(-)
B PH crisis(+)

Control MUF

Fig.5. Freedom of PH crisis.

PH=pulmonary hypertension ;
modified ultrafiltration.
x? test was used to compare values between
control group and MUF group. A p value less
than 0.05 was considered significant. Freedom
of PH crisis in control group without undergo-
ing MUF was 68.49, lower significantly than
97.9% in MUF group (»p=0.00015). Use of
MUF significantly decreased the incidence of
postoperative pulmonary hypertensive crisis.
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MUF O F %5 A&0HE L LT, air DRA, BEOD
PRI T HERE SN T v 5101 23, VVMUF Tl
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tion ¢ chemical mediator D g%k 217> Tw %
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b2, HMETIKE, LT HEBD LD,
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DOA

student’s t test
P=0.0000059

Control MUF

Fig. 6. Use of DOA.

DOA=dopamine hydrochloride ; y=ug/kg/
minute ; MUF =modified ultrafiltration ;
SD=standard deviation.

Data are expressed as mean+SD. Student’s ¢
test was used to compare values between con-
trol group and MUF group. A p value less
than 0.05 was considered significant. Use of
DOA in MUF group was 4.00+2.25, lower sig-
nificantly than 6.82+3.00 y in control group
(p=0.0000059).
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nNTwa®, i, MENKHE»4EEIND
ET-1 &, 572 &P EHIGEIER 2B L, s
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