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Can Peritoneal Dialysis Remove Endothelin-1 after Cardiopulmonary Bypass
for Repair of Congenital Heart Disease?

Yun Hee Chang, M.D.**, Si Chan Sung, M.D.**, Ji Eun Ban, M.D.*,
Hyoung Doo Lee, M.D.*, Sun Hee Lee*** Byuong Yong Rhym, M.D #**

Background: Lung injury that follows bypass has been well described. It is manifested as reduced oxygenation
and lung compliance and, most importantly, increased pulmonary vascular resistance reactivity; this is a known cause
of morbidity and mortality after repair of congenital heart disease. Injury to the pulmonary vascular endothelium,
and its associated alterations of endothelin-1, is considered to be a major factor of bypass-induced lung injury.
Removing endothelin-1 after bypass may attenuate this response. This study measured the concentration of serum and
peritoneal effluent endothelin-1 after performing bypass to determine if endothelin-1 can be removed via peritoneal
dialysis. Material and Method: From March 2005 to March 2006, 18 patients were enrolled in this study. Peritoneal
catheters were placed at the end of surgery. Serum samples were obtained before and after bypass, and peritoneal
effluents were obtained after bypass. Endothelin-1 was measured by enzyme linked immunosorbent assay (ELISA).
Result: In the patients with a severe increase of the pulmonary artery pressure or flow, the mean preoperative
plasma endothelin-1 concentration was significantly higher than that in the patients who were without an increase
of their pulmonary artery pressure or flow (4.2 vs 1.8 pg/ml, respectively, p<0.001). The mean concentration of
plasma endothelin-1 increased from a preoperative value of 3.611+2.17 to 533+3.72 pg/ml immediately after
bypass. After peritoneal dialysis, the mean plasma endothelin-1 concentration started to decrease. Its concentration
at 18 hours after bypass was significantly lower than the value obtained immediately after bypass (p=0.036).
Conclusion: Our data showed that the plasma endothelin-1 concentration became persistently decreased after starting
peritoneal dialysis, and this suggests that peritoneal dialysis can remove the circulating plasma endothelin-1.

{Korean J Thorac Cardiovasc Surg 2007;40:247-255)
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Table 1. Anatomical diagnosis

Pulmonary
blood flow
or pressure

Diagnosis No. of patients

Complete TGA with IVS
Coarctation of aorta with VSD
DORYV with coarctation of aorta
DORV with unbalanced AVSD,
potential subaortic stenosis

Decreased  Pulmonary atresia with VSD I
SV, pulmonary atresia with VSD 1

SV, cc-TGA with pulmonary atresia 1

Tetralogy of Fallot with APVS 1

Increased  Complete AVSD (Rastelli A) 1
2

2

1

SV, Hypoplastic left heart syndrome 2
Interrupted aortic arch with VSD 1
SV, severe AVVR, PA thrombosis |
(s/p BCPS, other hospital)

TAPVC (infracardiad type) 1
VSD 2

VSD=Ventricular septal defect; SV=Single ventricle; cc-TGA=
Complete corrected transposition of great arteries; APVS=Absent
pulmonary valve syndrome; AVSD=Atrioventricular septal defect;
IVS=Intact ventricular septum; DORV=Double outlet right ven-
tricle; AVVR=Atrioventricular valve regurgitation; PA=Pulmonary
artery; BCPS=Bi-directional Cavopulmonary shunt; TAPVC=Total
anomalous pulmonary venous connection.
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Fig. 1. Changes of plasma ET-1 concentrations. Cl=Confidence
interval, ET-1=Endothelin-1; Preop=Preoperative; CPB=Cardiopul-
monary bypass.
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25 20~25°Col| 4] u]¥EA] A E(Cobe Roller Pump, Cobe,
Inc., Arvada, CO)2] f-%(flow rate)& 150~200 mijkgZ
FASRA 3, whg A3}7](Dideco-Lilliput 1 membrane oxy-
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bicarbonate) 1 mEq/kg, <] =E(SoluMedrol, methylpred-
nisolon sodium succinate) 30 mg/kg, A, o}EFZ el
(aprotinin), 20% v}]-E(mannitol), o}~ 2 Ak(ascorbic acid),
o4 3t 745 (calcium chloride) 58 Z3talaicth. A9 <3¢ =
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Fig. 2. Changes of peritoneal effluent ET-1 concentrations. Cl=
Confidence interval; ET-1=Endothelin-1; CPB=Cardiopulmonary
bypass.
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Plasma ET-1 mean concentration
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Fig. 3. Comparison of plasma ET-1 mean concentration ac-
cording to pulmonary blood pressure or flow. ET-1=Endothelin-1;
CPB=Cardiopulmonary bypass.

pg/mL, 124 7kol] 3.4+2.0 pg/mL, 18A] 7kl 2.5+ 1.1 pg/mL,
24X\ 7kol] 2.6+ 1.4 pgmL O g A28} o]gk 2 o) 747k
A ZAEIP o, o] & Zhisle] A% o] 18, 24
A bl ol2 A ¥} vlwsle] FoslAl gt Fhol &
AE Ahp=0.036 and 0.023)Fig. 1). &=} &M=
A 2|43} o)&k 3A]7kel] 043£041 pgmlE 7}A =A &
AR om, olE 12, 18, 24X 7ol 039+024 pgmL
0374025 pg/mL, 0361024 pgmLo 2 7t7t ZAs)9l o
W AR Folgt Aol= HolR okstrl(Fig. 2).
AP F 2 w958 S Fuierd kel wa
HlaslgS o, 84 ET-19] H7 5+ AAHeE F
2 #Hl5 Mol F7tEol JH Flolol A
Fe A AT FAFE §9
ol & vehigla, A3 39 FEE fo X
£ YelA okghthH4.2 vs 1.8 pg/mL, p=0.001)(Fig. 3).

2
2
2
ek
u
Jfo gt

[e]

—

1) ET-19 44 U &g

Endothelin-12 1988w ofl =3} Agaol YuAE
(endothelial cell)ol| 4] AALE 210l %A Fg|slelo]l =
(21-amino acid polypeptide) 23] X< WA o, =F
AR b AEG WY BB £HBAZ /1495 gk
[11. o) ET-1& choktt E5o] ALalA Aabeo] 414
A, TEA, A, e, 1ASA asln ARA T
oA FE- AESH ass gy AR dFEH gL
ET-1e] 7FA3 gl AETH £52 dRAYgY =4,

rJ
A5
A
e
fo
ol
4
X
Ho
P
o>
ek
)
lo
=
=
o
¢ olN
5
¢ Olo

B
ol
ot
o%
b
o
=
1o
o
=
oX
o,
)

)
1
o
o,
102
)
2
32,
i

(1) ET-1 cascade: A9] ET-1 $AAE= Q44 640l
gxaf 9lar, 203-o}u| Ak FElo] = AFA] 203-amino
acid peptide precursor (preproET-1)Z @l 5 (translation)¥! o}
S proET-1-Z w57 98 E<d=}. ProET-1, big ET-12
mpE kA 24 clhul Al 23} g 4 (membrane-bound metallo-
protein converting enzyme)(endothelin converting enzyme,
ECE-D)oll 9J3l] 7|58 F A& ez Fdo] Hrh4s].
ET-19] A58 &5 Aol F /e &A|(ETa and
ETp)oll o wizizd sw, ¢&A9 dEs 4%, F
(species), HH Q1 Ael, Eel Aol wte}l ch2r} ETa
FaAle g% HET AZo Az T2ZesHA|
(phospholipase) BAl-5 Bsto] Aol HPofsied], £
2 ¥E 0] A E(phosphoinositol)& ©]=A]E 1, 4, 5-3¢14H
(inositol 1, 4, S-triphosphate)®} Tjo}AdFe) Al E(diacylglycerol)
2 Bofele] A4 ol&Ca N9 WE S FUAL. wY
BT, £841 B22 AT 24, 459, 42949 2
ofgte}. ETs &A= H3 HulAlEo)] fx|ete] 4z
Z-(nitric oxide)®] &3} FEl<x(potassium) =22 A3}
E3 datelatol Fojghet. Bt ETp 84 E T3t
ET-19] slofl49] AA Fegtet6]. 3 5= Aol
A Fa A7t destollA e 29l ET-19] 4 9
33 ZAE ETs 5819 dads dsbgola o7}
HA4 ETa 44 v 3le Edsios HIE
Basioleh7]. ET-19] A4 o] ¢bo] ok E5
AMEED 9 71HA o] HEE, 759 FIAE)el A
dojro] HIEGTHS5]) ¥4k ofvE, ET-12 A2 Al

=

of

i

o ok
ifo
c

o]

i =

712 F gl HAEIGrHS]. AR AR AR F3

¥ g Aol wsto) glo] Aol ET-19] o3tell paisl
53] AZHA o]}

— 250 —



o s oo
FE 3
oX, m_gg

n)
)
ok
lo,
rn‘.
kit
il
A
P
>
™y
5y
o
R
rtl
N,
12
a2
0,

B ox
>
>

o2 9l
WHE 5 Yol Akt &

Ao
o Agel A% Hxel

[
9,
2
>,
£
ek

o>

o

o

RCN
I

e

Al] 4<% (cavopulmonary shunt and Fontan procedure)
T ook 2HEE, HERe] ddE 2
FEXRe b Ad¥E Agse F&
2 g Qv g2 AuHol AXA A4 ¥
; HET W EeH o] Wl o A= W)
o] 7155-Ae] wllE ™ kel whAl ul G2
A9 Fotell FAEE Eaela g o
A ARAZS 7HA Lotel| 4] o)
7}7F EA ET-1 559 S7)eh 3
FRAAL[10,11], ¥ vhE QoA s
ET-19] net F7+5 Zw3lo] w5 a13dglo]
SollA #lell 2] 8] ET-18) A4bg AlATslA o1, 2
B HAET AGE 7P Lol Al ET-1
A7 HABucto] Helo] YAT ALFY Z7h FEh=
o] glrke Barl J9ieh12]. w3k X ¢)(in vitro)
ol Al AJ8st o725+ ET-18 4dk=4 (up-regulation)s}

N g

o
i
i)
o

ot

A

®
Mg e o

o
»

o
N

N
AC)

al

o
NE,

w2 (E fo 40 10 o of of rlo ugh
o

o o o
Lo fo 9

¢

T

I

olo
I

A A

g‘

i

o
R

3
iy
s
& o < o

o
[

of

R4

oo X
o ot
&
zd
o X0 rlo H

of\

o

ok

>0

o £
e

O

I

=

X

¢

g

o rjd
o2
27

=

tH13]. A4l Yo sol o w ol Alul
Hlsto] e Wskh 2 Wi 44 F4
B ) WEsh £ g ke )
o A% FZehe AL IR Yolok

A4 AR g ET-19] 27] 28] 3 449
Mo 545 = ol & olsliely] Slal, wlotell viEd-=
Eo Qb g A9t lamb Blo] ATHYTh 4 4
F o] whetd- lamb e MG R Uk APFe] w21 1,
BT Aol FF Heiskel HF 50~70%, 12l

4
o.
i

A5 ohest AYF Z71E folol A9t e s@Y
o AP Aol BAHYTHIAL 13 Foll wFH I 270
A} ET-19] 3571 4 lambol u]3l) 4u] o] 4 7)o}

Awol WAFUCHISL 4~8Fell= A 2 oA
ET-1 =9 A& 717 f4=givk16]. o ET-1¢]
F7h preproET-1 %2 mRNAS| Z7iol Hado] ¢l
a1, 23]2] ECE-1 protein?} mRNAS] Z7}9} §-o)8t 1A
7} 9t o] AgE APFe Fvhek #EH ET1 55
o) 7k S7hd Ao w3 dell %9 ¥ ECE-l
9 A¥z=4 (up-regulation)oll gt ofx}# ol Hizlglg A
Al&t5i et

lo,

=g 2

Hul =437 Endothelin-1

H = jfogob}g,] 1 RN o]

o
ofoll W& endothelin =g |

= Zo] Ego| vt 158 A4 lambel] 4]
9l ET-12 =183 &g sl o] 72 4-Ala-
ET-1 (ETs 784 2H&A)e FU & ghaE . o] A

AT 157 B
ET-19] @z o ol BEs
lamboll 48] ETy 41 ghul o] 7hadl A%} A7} 9}
9, BT, 584 Sl e] wshi B4 ebsiel. oA
b 453 clekg-lambol| A& ETa =84 whld 3 mRNA
7L Zolshle ol AL ET-lo] $d 9 S5
elo] Qirk. 4ARET-1L 457 B2 lamboll A <]
37k QIR ETy 484 a8} nRNAS] A%
7H2e7h B AeH16]. Ew)EA %, ET-13} 4-Ala-ET-1
o 87 ehlambellA] 2 AWY £3E f
boleh. o)A e A% BT, #8419 Z7boh BTa 48
Aol Az e Z7hsk Belel gigieh. s%Alol A el
2A 887 AL BT, 58419 424 wpregulation)
7 Al 4Fui7EA FabEof] EAS ETy 8471
ANPA = ADae] HBE A Zoll 2 EAJsl= Ao]
ZE et o]Zi2 A" F53} PAlskE ETs 84
9% ShAEhE Aol AeH1T]. ole 3 AR WA

ETs 5849 25 9 $aele AAelts Aold
]_/~

fop
_E,
e
8
it
w
>
2
¥ -

>

o S

O

flo 1o

H []
ol ET,9} BTy 841 5 tf 328 182 38 A Ak
Aotk HEE AL vle] BTy 445 §5 F8424
el Abejoll Al ARk (up-regulation)s] &= A 2. 9
A 9leh. ook Mih R WA E S BTy 4&AlE WAl
ool A sz (down regulation)¥Ie). wlEol WAl
Avjol Al ETy 58419 223 €93 auas 445
W 24, 9% AR5Ee FoE e Ho

Wigosw AAA AR FEels Alslitol
o1 §Hth. Aol BAD FGARE £42 AAF
Q) HANIAE E4L 2HG 5 Yl o2 A% 4
2, 5], 2k A W, el AR AR B
2 AE zAol A WIMES 2A A, S5 ol
A Zosold HrHIS). HEABF £49 Welgelol
ET-1o] 398 A%E ebi AFE $v 280, A4e
o AlS) #8e Tdstel thodt Y ARF I TEol
A ET1 527k 37h0] 9182 Z9aigiei19-22). 514



3PN
2007,40:247-255

Aol A AFEHA A(nitric oxide, NO)Q] YA 7h 48]
Hhd, ET-10] $-43}A] ke A o3t 73l
G- E4oll 7lofdte] obeiA gt wat Aot
ET-19) AA) ope), ol 42 BT 84 wle
A7,

Aol B Aol oy
HEolA QAL o) AL ALdE

1

ololl el Aol £%, ol9rlsel Aeke of
FHA ok T W Ao gy Axe &
A4 Eskeho) chrst Qe AhAd. Ao zAuA
AAE VA B AE] RE, AL A, AEA(Apoptosis)
Qvk EG BAEW WAL BE3 3
A7L G, 7158 ATolAE o)l Ha g
o) 4413} ET-19] Hul7} s 9lc). olelg e A
29 7% BEue) nalEsle) 8F ool
2 zodo2] ET1e A4e] 77te) A2 AEE 2
7l FEARe] BuEEER, 2ddE BT

AEg B #5E e

lo

B

3

o

[
>

e

=

—

X

o
gk
o
e
Lo
oo rlo
lo
fu
x
ax
ol
1o
N
ir
i
iR53
<
[®
[
&
=2
lo f oo oy pld R ouR o

)
o %
o] $r}[22). Endothelin 484 Zg A2} #FHE o
o EEo| 4] SE-ADF AT £ FAE Basiglch
Wz -dl 5 ek Aldsle] AEFE F7HA17] lamb
ol ETy A&l %2 o|F-endothelin 84| ZdhA|=
A8l Ae)esk 3o AutEeke] 7AE AA
[24]. 18] a A A&t A|2)s=3te] piglet 2ol A+ bosatan

e
QA Ase AT, WATeAE ATELE 2
AR o, ATAZAE FEAZHI9 FFHE o]
£ At W ETIS Aeses U 487
taol] Wl et o g F9¥lu, endothelin &
M A3t 3 E48 FaAA AS7eS A
AE ol Aottt % AkE A AL 9

Aelghon ¥ HAEAS A4 AfcEe 3

|

N

d
w to

oot

(o]

=
&, U5 FasiAle A8 A3 AER A F
7He skl AR A4 AR ¢ F HSA A
el F23 fle] HuH18). HAEFL Fage] 7

f

2o 58 Edtsto] Helo] obF vhekslel A, Al
A ol uigk &4k, oleh HHE ET-19] Wigr) +
2 Aolojelm A7 AAHOZ, & Aol Y =¥
# i) 9] 75 5A o] Al oz Qg A& A4
abzzol ublol] sk T Q9lo] ¥k A eEst Foll A
Aol sl Awh20.21], BAle B4, =579 ¥
A, FER A% AEH A, AAE, AEY ALLF F&
Ed3 oE] 9l HFA YA E] J5EAL
ET-19] AAS o] zaksla(21], 4 ET-19] 57} Al

o) A% #9239 Foll A%Hon 2 Hol F
oAeh2026]. AR A7 NNFE AR dobel AT AE

b 9] ET-1 559} Als) 3 %
$u 2este AAYE FYeAD ET19 4] F2
@& A1, 215, o $F 750 endothelin
S8R AL FI7 A9 % F A g o
WeAe) WHE AR Rassl. AEF F7)
£ Q% AFuIRgo] Pt lmboll 4, ASERO R 9l
& Y A%ke] F717 endothelin -84 AGAZ 3
Aol AR EmR ASER Fol ZAHe ARve

bosatan®] 017} A|9l3t o) AW ARl ZAE %

AAZE Brb ohet A715E FAATIS, NPT
o e BAAATD920). vpAstez, 404 A%
Aol i LolellAl, ETA-Aeld Zgtalel BQ 1239
208 Eqke] Fojr} A9 AAEBRE ALE FE Fo
AW Ae PEAATR. QBN A7, o
2ol A8t Aest Fo s 2Ael Wejelola
ET-19] 82 At ek 22T o]5 ABES o
dothelin 82 23A12) AAX7} Ael<gho] zafeli
A7l HAL e & 9188 AL ek o|AL
Q9 Age] 24, A4 A5e) G4, A9 €8 F 5
£ waAsvle) B, el AGeRs Al ¢
g zusta, ARe Angure] Bt ololA Alsl
Qe & AQunEze) e aE 2 Ao
2 49,

— 252 —



o}, 5% % ELLAAG] vt AT BA 247 g
W8 o3 #} Y (conventional or modified ultrafiltration)ol] ¥

= olvh ¥y xodapo] A s #Y
< FAskE dl SlejAy d5A Aol 71 (cytokine)o]
W} ET-19] Al7ol Q014 3417 o zhiiol] nleto] Hzt
7t Fol FTHEAAN, ARES WY Zojupe] xus)
|

et Rebgolut #7bAel S¥lo] wllsAl 9.7
= %
.

=2
> 42

o

T
o

s

>
Ao

s Aot AguESe] HlE o4 o

o

i o
N
N

>
= 0 o} d
Ji o
e
> o\
N
N
o
ot ok
> 32,
g, &
e Ao
<
2 X
et
o 2
|
SN ok
P
N
U\‘U
fo P»

pob g O pok O X O ok (L
N
E”_]_.L_.>"“rjzn

N
[
1o, olj
ok L
2 o
~
# kJ
<! )
L $
i
N o et
oko Or:‘—l'
o X

iy
uj

oo o

o @ ¥O i to pob

s

ET-19] 559 Qo) e =gl B3
ok B T Ang sy e
AR AASE o) ET18) Aol o
W3l 5 7|< 3l Hiramawsu $(28]9] 97& A
& ATLOP) AT o Akl A
WAE, ) AaFe AT 219t 7
2V Qe ST () AL ABF
AFNGE A BATEE TRl A2
£4 ¥ W BT $EE v, 2Ae
© A3k og - 3] 7kel] 2314 (> 10 pg/mL)
Ehffo] 6AIZAA] A& B 244 7bell= ol ot
143] >5 pg/mL o] golglar, 2303 3FellAlE 647kl
FHA] (>6 pgmL)yE Hebf £ 4] 4ol 193 1)
=% TER dojplrk FRe Hol= AN BE A
TollA A EE ol F 3-6A WA HA ET-19] T
7h AEA s Fgsta Jad Hol vk £ ol

2

o,
S My *
2
_?1:7 o o
= off o
o

rst
ofN
N
N
N
L

1

]
I
of
2

ofN
N
oS

My o= o rr o

et

2y, of¥
b9
Ry

i iy
2

o

A A og A% :
HulE g A 3ATASE skl 244 ol
2.56 pgmLZA], 9] 3k

o]

AetAl aetglE Bk okt E A FEoll i =
O:

748190 o} Hiramatsu £-2] Aol 4] AA]H &4 ET-19]
TEustel de] 2 oAl dal ET-19] F5ot 59
FA FHE AEH 02 kst AL 5 F49] oY

&=23 2

Hual 243 Endothelin-1

o Qe ZE FFHE ¢ vk o| AL Pearl 5219
He Zojuboll Al ET-19] Fiol Halgl doflA ¥
g ZzoHHS sti  Fo|ASE ET-19] ¥4 $E57}
A&H o7 Fhashe A v|R3 Aoty 1aolA e
it BubeAl %9 ET-19] 94 27t vhd 57
248 AL 15 dFode] HF ATl 53 kel 1k
W oedfe] oA gAY HE AT 38 kewH
priming oo} oke] AufHoz wh-FIh, ik & ol
A B A9 o] wol THE A3

23
18 A 7ke] 70 A& wEshe Aol F
Q3 Hal %
2 ]' > 1 =

N
-

i
>

Ny
—‘:‘—L bart
>
i

ok

F2 40 ET-19) Ao ol 23 WY
of sp 3} w5 ol e,
B QAT ok fEHe Ex

1.
R
of o3l gAsl A& zekatA g3 FEHFE 397

1x

al ol Augel $1 249 vl glek AT AslE
B olg F M UMY B2 AP E o F
A&How Gaste AL o AE B ET19) B5E
wheddivha % ¢ Qivh QT el TR B4 A%
8% AA AAetol7] wtel £ F B FAS o
A g e AgehE Aol oeld AH el v
o8] BuksAlel E0E FHehi o] B AFolAE of
2olAA ghe Aol YA, Fiol BE 44 5
Ba) Hok A2 94 e AN WA ET1Y BE
o Wl g FAL Aelehn YAt

Bt WAET- FE5) AfEd A3l A =
A ZAEAT, HOEA F ki) ARsE 2Ae
uutEdow W ETlo] A F I H5AE 4
Al A AR,

1. Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent
vasoconstrictor peptide produced by vascular endothelial



WE=3°IDN
2007,40:247-255

10.

11.

12.

13.

14.

15.

16.

cells. Nature 1988;332:411-5.

. Pearl JM, Manning PB, McNamara JL, Saucier MM, Thomas

DW. Effect of modified ultrafiltration on plasma throm-
boxane B2, leukotriene B4, and endothelin-1 in infants un-
dergoing cardiopulmonary bypass. Ann Thorac Surg 1999;
68:1369-75.

. Bokesch PM, Kapural MB, Mossad EB, et al. Do peritoneal

catheters remove pro-inflammatory cytokines after cardio-
pulmonary bypass in neonates? Ann Thorac Surg 2000;70:
639-43.

. La M, Reid JI. Endothelin-1 and the regulation of vascular

tone. Clin Exp Pharmacol Physiol 1995;22:315-23.

. Fagan KA, McMurtry IF, Rodman DM. Role of endothelin-1

in lung disease. Respir Res 2001;2:90-101.

. Wong J, Vanderford PA, Winters J, Soifer SJ, Fineman JR.

Endothelinb receptor agonists produce pulmonary vasodi-
lation in intact newborn lambs with pulmonary hypertension.
] Cardiovasc Pharmacol 1995;25:207-15.

. Wong J, Vanderford PA, Fineman JR, Soifer SJ. Developmental

effects of endothelin-1 on the pulmonary circulation in sheep.
Pediatr Res 1994;36:394-401.

. Ruwhof C, van der Laarse A. Mechanical stress-induced

cardiac hypertrophy: mechanisms and signal transduction
pathways. Cardiovasc Res 2000;47:23-37.

. Burrows FA, Klinck JR, Rabinovitch M, Bohn DJ. Pul-

monary hypertension in children: perioperative management.
Can Anaesth Soc J 1986;33:606-28.

Yoshibayashi M, Nishioka K, Nakao K, et al. Plasma endothelin
concentrations in patients with pulmonary hypertension
associated with congenital heart defects. Evidence for in-
creased production of endothelin in pulmonary circulation.
Circulation 1991;84:2280-5.

Ishikawa S, Miyauchi T, Ueno H, et al. Influence of pul-
monary blood pressure and flow on endothelin-1 production
in humans. J Cardiovasc Pharmacol 1995;26(Suppl 3):5429-33.
Wheller J, George BL, Mulder DG, Jarmakani JM. Diagnosis
and management of postoperative pulmonary hypertensive
crisis., Circulation 1979;60:1640-4.

Dschietzig T, Richter C, Bartsch C, et al. Flow-induced
pressure differentially regulates endothelin-1, urotensin I,
adrenomedullin, and relaxin in pulmonary vascular endothe-
lium. Biochem Biophys Res Commun 2001;289:245-51.
Reddy VM, Meyrick B, Wong J, et al. In utero placement of
aortopulmonary shunts. A model of postnatal pulmonary
hypertension with increased pulmonary blood flow in lambs.
Circulation 1995;92:606-13.

Ovadia B, Reinhartz O, Fitzgerald R, et al. Alterations in
ET-1, not nitric oxide, in 1-week-old lambs with increased
pulmonary blood flow. Am J Physiol Heart Circ Physiol
2003;284:H480-90.

Black SM, Bekker JM, Johengen MJ, Parry AJ, Soifer SJ,
Fineman JR. Altered regulation of the ET-1 cascade in

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

— 254 —

lambs with increased pulmonary blood flow and pulmonary
hypertension. Pediatr Res 2000;47:97-106.

Black SM, Mata-Greenwood E, Dettman RW, et al. Emer-
gence of smooth muscle cell endothelin B-mediated vaso-
constriction in lambs with experimental congenital heart
disease and increased pulmonary blood flow. Circulation
2003;108:1646-54.

Shafique T, Johnson RG, Dai HB, Weintraub RM, Sellke
FW. Altered pulmonary microvascular reactivity after total
cardiopulmonary bypass. 1 Thorac Cardiovasc Surg 1993;
106:479-86.

Pearl JM, Wellmann SA, McNamara JL, et al. Bosentan
prevents hypoxia-reoxygenation-induced pulmonary hypertension
and improves pulmonary function. Ann Thorac Surg 1999;
68:1714-21.

Carteaux JP, Roux S, Siaghy M, et al. Acute pulmonary
hypertension after cardiopulmonary bypass in pig: the role
of endogenous endothelin. Eur J Cardiothorac Surg 1999;15:
346-52.

Komai H, Adatia IT, Elliott MJ, de Leval MR, Haworth SG.
Increased plasma levels of endothelin-1 after cardiopul-
monary bypass in patients with pulmonary hypertension and
congenital heart disease. J Thorac Cardiovasc Surg 1993,
106:473-8.

Pernow I, Wang QD. Endothelin in myocardial ischaemia
and reperfusion. Cardiovasc Res 1997;33:518-26.

Takanashi M, Endoh M. Characterization of positive ino-
tropic effect of endothelin on mammalian ventricular myo-
cardium. Am J Physiol 1991;261:H611-S.

Petrossian E, Parry AJ, Reddy VM, et al. Endothelin
receptor blockade prevents the rise in pulmonary vascular
resistance after cardiopulmonary bypass in lambs with
increased pulmonary blood flow. J Thorac Cardiovasc Surg
1999;117:314-23.

Reddy VM, Hendricks-Munoz KD, Rajasinghe HA, Petrossian
E, Hanley FL, Fineman JR. Post-cardiopulmonary bypass
pulmonary hypertension in lambs with increased pulmonary
blood flow. A role for endothelin 1. Circulation 1997;95:
1054-61.

Miyauchi T, Yorikane R, Sakai S, et al. Contribution of
endogenous endothelin-1 to the progression of cardiopul-
monary alterations in rats with monocrotaline-induced pul-
monary hypertension. Circ Res 1993;73:887-97.
Schulz-Neick I, Li J, Reader JA, Shekerdemian L, Redington
AN, Penny DIJ. The endothelin antagonist BQ 123 reduces
pulmonary vascular resistance after surgical intervention for
congenital heart disease. ] Thorac Cardiovasc Surg 2002;
124:435-41.

Hiramatsu T, Imai Y, Takanashi Y, et al. Time course of
endothelin-1 and nitrate anion levels after cardiopulmonary
bypass in congenital heart defects. Ann Thorac Surg 1997,
63:648-52.



&85 2

Eul 2= Endothelin-1

B dubdog ARA ARA3e el A Ad FHHeEEe] o] &) A3t
4Hom A2t As, AGere) 24, Adne g

% 3 Aus) Sa3 4ol D ol7l T4
ol EﬂH ST &4, *‘.V‘EP’/] S E3hslo] ob chokalAwk, HlE 3 Rl
43 2ol °H endhlin W9 W7} 2 Qlelebst HEls sleh AAEE o] FAlo
endothelin-12] A|AN 7|3k 4= YA 04T01] 3l ATE 3ot Uiy X YE: 20054 39
20064 39 Apo]ol 18‘1‘4 AL Ao sich GA e aE AFE AFNAL, TF
at 24 FleE] F AFQslo] A9 ojgk Fo Bub SZol AxE A3 e9 ). Endothelin-19]
geteich 2l & Aol 244

22z O
endothelin-l kel & 71 YT F2 AFAYS) S0l ARE Y ool Fo4sA ek 62

o

1

o

t

—_

oo poe bR
e

_4_(%

5 Z4L2 ELISA (enzyme Linked Immunosorbent assay)%® A

vs 1.8 pg/mL, p<0.001). % A ¥ endothelin-12] HF FE+ 3.612.17 pg/mLoe|l 1, H| <=3t
olgk AFE 533372 pmlE 7P ) *w Jef. %ot A A, SRS B A
o] |93t olgk Ao nlal] 1870l E F3Al S E5E Ve thp=0.036). Z=: A

endothelin-1 557} |22k o] & 2 Fof| 7}% =4 54 5491
He Hu £407 HA endothelin-10] AAE + = 7HeA

]

A
&l
=
wut £4 ¥ i) ARtehe &
= 7

A A AR,

o Dol 1 AN A% 719
2 %t 54
3. Endothelin-1

— 255 —



