MAHEE 201223 ¢ 192-198

e FEAEAAZENRE R
7% a3 o tr F = Bl 4%

wER REN REMS RER

Bl s e AR EREA

m =

EMHERBRACAE FMETROREE > —LRAMNKRALENHTRE  ARTEN

B8 3% o > PPA% NUER BT (creatinine) B89 R FARM D » g RTEEHA - TR OLE FHHE
EMHERBYLRAFRESE » EATA S HBLRAMETALG EWE XB » AL TR H
BB TURKEMBRAGEEER - B FMHEGHHELL ETREE I AERE KR
44 7% B fn 42 & (free hemoglobin) & B B & 7 & f 4% B /T % (hemosiderosis) & [B] A T & (cast) [
EHDNERBEFTHMR CRA L WEEAT > b i £ §R D 2k — A AL R (nitric
oxide, NO) » 1% W K ta fAIE R B AL 2 214815 > M B ERRER - TEBWAEG - Mk
A o x F B9 RIR 0 TR T B8 SME 3 (cardiopulmonary bypass) & » LT ARSI E A B B Ao KA
Moo BAMER AR E FATNE  RT G wifdihis£5b LA LR FERIIBRE
Gy & AR RE o 3 % 89 £ A% 3T (biomarker) £ 0 o B AT 1R 69 B RS A R 0 2R F I PEAR
M 09 HRRAR 5 o T ARG AR $ A7 A9 AT 7 o SR AT B AL F 4B R AR RDU S 43 R A B B

26
Ae °

RS : ININE i1 (Cardiac surgery)
5B INAT 3R (Free hemoglobin)
—&{E& (Nitric oxide)
FESVMBEIR (Cardiopulmonary bypass)

o MRIGHAAT » HALTAAHKIFE 15-30% » Fi

&R R RSO I Tl R R OF
N /\ﬁifn?;ﬂ%f%m%‘ » AR AN [F] B
TR 2 E R RIA R o — Hw Al 4
eV R o HOC ARG N - BIBE ALER T
(creatinine) b FHAURE ARGV » g isE -4 1

T RN E A MR R AR o
ﬁﬁﬁ BN RGBT DAL > JECRIER 3
S VEE RIRHI ARG A - AL -
Tuﬂl BTl i R A P o P T B ] DA
Mt NRITEIEZR o (2B M ERE 1A% B A
WITER » O M E R 0 S e s S 4 2R 1)

Bise A R

WA 2 BT P LE 10449 P olibB = 0298  HAF A BB i AL B A



HAEd it IR B 193

SRR o O M A Tl b — e T 1l 2 EL i 77
FL{ F #9GER (cardiopulmonary bypass) * K[t
7 A it 1 7V T S i ) ot [RT A Eb— i Tl B
AEE » LBt RO 0 A8 T il 7 ORI 8E 11 B
o {sE A B o

IWMEFNERITBRBHEERS

H A 248 H 1R 2 B fi b K 1A i 5T 42
HAR AR GHIR TR » G~ L=
RE ~ LR0E ~ BEIRIA ~ BB ME A ~ 12 EHZE
PERTTPE ~ 181 Moo <5 AR e S L O & F il
T S EbE 2 RoLifgeie o i E E
PR o g g inmpe - w AR Rl 5 A RS
PIBEZRT o TFal v i R A AN KR R & i % e ik
TR LU = RAIIE T ZR o HoAFIF At
RRfE k@K » G2 Filaiyai=C ~ figpie A
F &= Ik 583K B 3/ (Intra-Aortic Balloon Pump)
fis H 2 & B 0 H 88 9% 75 IR (cardiopulmonary
bypass) > K HEIHEERAIREHE ~ 2455 8 S F il
% WE BN A B R IBIIREE - Tl
TN o 207 I HEE T iy b EE B A Y e R 8 R i
ler 5 25 59 DR e P PR 5 i a7 811532 S5 IR0 78 A ) 340
A7 o GRS IGER LAY A {5 A /MG R
A BB BB B AR LI K 0 o L B N ] ke
K% o ATLUIERRZR » Bilirh &Il ~ 24
FRTSE - e RS S M =R bR as -
AIMRNFEERGER AL > MEBE MRS - A
T2 fher H R i 11t 7 M SR IB AR AR - WTHEN
IR R A RO L M BR L A S E A B - A
A5 35 o B i o

ININE S B s B (AT 3=

UM Ty R RE Er 25 S5 5% U Al 1 L SR 1Y
BT R IMAT SR A AR > E e AL IHF R
AESMBIRIBER ' o [ERIIMEEREE » MRS B
R R I AEVIRER B RS - SR [FIR  EEER
[l & A shearing force Il {5 L I BRVA g > (At &7
(AL M ER A RE L bR AT 3R o AR RS
A L 5 e 5 ) R 2 R I 0 2 88 P IRE T R R
G R o &L M EK % shearing force I 52 12 FE L[]

NS+ BUERALMmER 2 P e 5% » 22 5Lk
I Bkt B AL M ER SE R 55 - (ERE I G R %
(& RS TRt SRR M BRB E Mg - AR
%A shearing force I 2 EHE " o

BRItz 4% - 0 I T il 5 ZH ZEORE i
AKAHERT MALSE S BRI R G » LU FERIRLIMER
AT W I AT RE A2 U7 FAfE I AT SR A 2 o B et
ST HUE R I BIE R A - AR AL 3
fiti 75 % H (haptoglobin) & K » 1 [F] I AT
S o TERLIMERGEERS I B > BEE RE ]
A s RLMMEKEr A BRSSO > 2 R REE AL
AL 3R A AL FF V0 IR kb 38 A= dhe i - 8 sl i
BRI C MRS KIRE" o Bl AR -
AR » — % L% (NO) #Y ] F1] I 25 Jik
Do A IKT I B B RO A Mk - TS B AR I
T o TERRIRIESE » O IME FRs - A5 aa Y
L 11 53R {58 17 R0 30 - il 1% 1) (38 i B R TR
RIARZEC A thag g 7 -

gt AEAERE =32

[ P YA [ (intravascular hemolysis) f& 7 &
I AR RE AT SR S AR B AT = I8 PRV T il
HEMALSRSG 0 > AE—MRBVIBUL T > I A U7 e
IMAL 35 & FMAL S8 45 & & [ (haptoglobin) fifi 7
T ¥ hemoglobin-haptoglobin # 5 #8§ o F Ik il i
8¢ B 1% Bk & #5 H surface hemoglobin scavenger
receptor CD163 » ARHEFZ HE M A /S - M E
endocytosis 2 degradation'® ° — ELIMAL 4G & &
H (haptoglobin) #E35 » AR IFRAE IMAL 35 & K]t
2R -

B R P U B I T SR R BRI - PRI
iiaf:op RIS A RN g Y I PN
1k 57 B2 T2 BY 1§38 & (heme) 11 #8 (iron) © {H 47 L
R MEE & EEE B MBS - RIS
I h B IR S R B i U) P b & S 88 03
(hemosiderosis) FUERR " o MEEE =& A LIRS -
HHEE - A4 F H H 2 (radical oxygen species)
& (5 F Bl o M Al IR B EGE 5 H
FH R ) 7 A2 1 S 5 — 28 B LB W5 - A
O o PRIBIR AL o (18 S M AT SR S0 RS S P I T 3R



M
S
&
=3

194 .

(met-hemoglobin) » & VE AL 32 £ &/ NVE & e &
T R BIRE VA (cast) M8 2 PH 28 » B/ Vi PH ZE (]
R, 7 M T I 5 T/ N i R bl A T B S —
AERE/ VEHINIEIE > o PEARPRIGEE (L g
[EIFE VA (cast) BITEZRK » IR » i LR A
G 17 1k B TE R R T a0 B g7 At RH 2
IO " o H Al th 5 BE B B3 B8 (randomized
controlled trial) & /i F fi7 # 5 ¥ i IF sodium
bicarbonate > 1] LA/V 88 YMEIR 1L B 1RG5 4200
PR

B T PR B 3 e I AT SR 4% - KA
V1A RIE 45 s I SR U0 IR 3 0 5 [ RE 2R B 4B
P T E A I AR R R D IR
—FAMA - —FML AR MEEENYE » Al
PERH AR AR B A ML © — S AL R & (1A K
AH At 8 422 1T R Y Dh RE 32 B4BS - IR 5 BERH 8
i B HEL o o AR A T R 5 B NV R L
S o Ui e 1 AT 3R A — S AL JUE T R
AV T Y A3 P T e B (nitrate) A8 1k 1M 4T 35
(met-hemoglobin) » 32 Il [ [ /& A~ ] 39 H 1R 3
) Rtk — S LR TR - &
ST SEEE > VS I & B IRS =R B8 (arginase)
(R > ¥E Z I B (arginase) B 10 /¢ e ¥E & 1%
(L-arginine) B4 £% 1% Z % (ornithine) © /¢ T ks &
i (L-arginine) /& — AL & & BT —(EAR B ZHY
B8 o I [ R/ fié K R (L-arginine) & Jik
DI —FUL BRI » B DhRe > -

b 2 i B I AL SRS bR — E AL R RUR A
RIARARZ 0 T > A0 R PREK Il — %L &Y
A YyaT R 28 AT LLk/D Ui e L 35 58 1
W85 - BHam b > 38 0] LIS i R bRl s i 4L 3%
S — S AL R AGER - WA —F LR
W H AR R S G Y8 - EE Y E B o M
BN MR A —FAL R IR AR
IMALSE » PHIEERHERR — SR ECR » M
YD M W > o A — S LR H ri S AR
BTG T B AR = o @ER
HEWBREGRE R > 8598 AT LR ft.0
i = il 1 i LML R 0 R B PR R v — s ]
RER IR SESE -

PHEm B ACERE - RS AL ZE 45 & 82 H (hapto-

o
H-

t{= BRigdm

¢

globin) il 3% & %1 I Bt 1 41 38 3& pl 1Y = 1 B 18
1% A6 BSR o €] LL#E H TP B hemoglobin-
haptoglobin #2 &5 #8 » 2K [/j (k- I Bt i £ 32 ¢ &
o BR 3t I > D ETE PR — S RAT R -
A I STHY e AIE B 1 #1382 45 & & H (haptoglobin)
A] DA /D 11 5% 3 Ble AL 5% > SR ik i AL 38 PR
(hemoglobinuria)” o SX M » i A0 5% 48 )
hemoglobin-haptoglobin & & #3 & & H 15 bk
—HEALRMIECR > HA G MAL RS & &
(haptoglobin) I f& — E AL R R 22 > HIK
T 5 B hemoglobin-haptoglobin #3 & #8 A] #{ = ik
AR B - 1 A R — F b B s bR
ERINIE T PN T - IR IRy =
(haptoglobin) HYJ R AR IR R -

BENBIRSHEBRIBRVEMEE

HE MG BRI (5 FH & 5 000 1 8 F il 12 Sk
B faks o Aifseiad » BE R HE
AT L WIS g 28 A R R ME R 1 e
A B AR A% T i e B LU AC B 0 S AR il R 2
T B S IR Y HE AT AR AR AR ' o Y7 B 1l AL 35 AT e
AN e8I MIEER S A2 T B = IE e — R A -
SMEERA HA R E O eSS =S 0 B
REIMATE) ) EHIRGE - B85 G BR e i) e G0 ) & 38
IMAT 8 JJEAEE » 2B BT MmR - K g i
M RSN - SBOMERER - MR G
PHEEMRE Bk E) - SthEa ki attE =
U > 38 e T T M o S o | R R I P B 0
gefia i o IREh ry RSO 5 B E— R B 1 G 2R
SR DRAFE IR ™ o MRt s —(H
HEIMEER S ST E =iEn i - ERRESA
FOEZDRTEC! - #89MERE 2 FIH %
BOHE > BRI IR KRR % - OB WNFER ~ dikil -
FMraIE - MR ARSI EERE % R 5 -
iE M R AN UG B ThRE EAL i EECH A
IR EDIRERIIEE - ffR o (HFHRRSMEIR th L
BHCRINRE - fEREIHEERIE - S8 I/ N
kA nTRE & K BLE A - AFeig > fErtiRE)
N A8 Flg ks » 22T %h 48 & I (transcranial
Doppler ultrasonography) {E I 21| 12 228 H 17l
R IR T A B DA e RHER 2 o



HAEd it IR B 195

INMEFERRITBEBENEDZ
52 (Biomarker)

U I T 1l 1% R B 32 W 2 1 B 1R 2 A
#Ery o HATHE I WLER BT (creatinine) K /K 38 &
(blood urea nitrogen) £ 32 HIVIRF 2 i 38 R A
AR B B IR 5 > KRS U B 2 fla 1 AN R RE R
RE > HEUEA 9% — IR B AN R T4 - B
AT EMBEEEMECE S BFH
B — R U A VAR EL R R E ) - HATH
T 26 BT BRI U0 Al 1 L 38 2 45 RE ' 155 L T i
1% B ARG R R A PIRREL > el — 5T s
{EAEIMIEER (cardiopulmonary bypass) {5 LE & Wi /]
7 > AR 0 R LT S 1 00 1 o B e vy - LB
e Wi FE 5 v BEAH B+ 17 ol B L T S AT
K& ' N-acetyl-p-D-glucosaminidase (NAG) 3%
JEAMHRBATE » XIS W & (2 7l 1% 56 — K A THiE
BB MRS o SR E TR KU SR AKEE B
Hois e Bk E L (i (cut-off value) °

HA#r £ ac = A g M B i EREAIZ A
8814 5 38 K &5 11 (Neutrophil gelatinase-associated
lipocalin, NGAL) » NGAL & B& 3 & /)N & 1815
IR FESEIN > H AT C W EZ 9T - CRR Al 5
P S B P T AR S Y A AR EL © (EAR A
#T (meta analysis) H7 > i 2500 {&55 (511 iff 5% 58
I » NGAL HYfE A H AT LUK 5 A2 i 2 vk 5 e
815 » 35 n] DUTE R o5 7% 24 e 17 55 i i (U0
% (renal replacement therapy) ° 1 5 i — 25 73 ¥
U T T 12 W NGAL » [R5 th A & AT (F £ 7E
75 B e 0t v B — Pk B UM A A ™

MYEMEE H C(eystatin C) FB— MG MR
B I ER NS - i A RS A AL DURS e s AR
B ATHEE ARER E HEE o Ry R - 5
AN/ INE R o3 > B LART AR i R4k B o K
JE7s - HETEH W CAEE Cystatin C{E EHER
N B R S v B i RV FE AR - LLILR
i 57— B R BRI > o AR R AT Ol
EF M > R Cystatin C AR AT LAFEHIC
I P 2 1 B &0 o T (o A MG BRI
W » Cystatin C WG RIS -

I ik Y Fig 17 & #& & 85 H (Liver-type fatty

acid-binding protein, L-FABP) i i3/ N5 ~ H¥ie Sz
3 i B/ NVE M E o L-FABP AJ 7 B o Bk
A 30 U0 B AT W B/ IV IR o BRI PE R
T Dyl e e AL T 173 % e AR S i s ke A2 A A P9 £
At > w1k SRR e I S A S BT HE
{5 o PRARHY L-FABP 2 n] RE 2R B/ VE I3
FIFRAG 1M H3 F IR > DAL IEE ] 568 IR 2 7 T3 i
BIARE "  H AR RS » £ O E =Y
/N ZEA PR L-FABP L& 71 » ] T 3= 05
HIEE LA o

Interleukin-18(IL-18) s& — 18 Aij % 4 4 AL
3 (proinflammatory cytokine) ° {F &)%) & ba A »
PRYR A TL-18 AT P R 0138 Y e PR 0 ™ o
TEERPR B FEH > JRRCAE Y BAE R AR > PRIRHY
IL-18 LL I AR AL T 5 22 5 Bt - H T 7RI 48
G B Y o SRTAE S — (@R 5eH > IL-18 40
BRAEPHE TR MG ER R A E =08 o nTREJRIA
& IL-18 By _ETHACREEIMIGER 5 L 58 28 S FERY
—{E R - DRI E BT AN 5E FH 2 FE I 0l 2 Y
BREG

Kidney injury molecule-1(KIM-1) 5& — i ¢
[ 25 H (transmembrane glycoprotein) 7£ 1E # &
BT A E LB HEBBRGRIRE NEd
WA IR 2K o (R » PRV KIM-1 B3R Fth
A LU TE BRI G R ET EYIEC ™ o A rgEaH
KIM-1 EE NAG HINGAL 5 ] LA THIHIBE S G ER 1%

HIBHEG® -

Tz

QA

I Ol 15 7 AE S U B IR R AR LAY
MR M AL SR BT > & RO I o % B =
IHIIRIN.Z — » EfEE—F LA NO LY AT H]
FHZSYRD - {5 A9 B Al AR AR I AL 1 Dy e 52 248
15 » DR 2 B A s B A o (E RS MR 2
A Il 1% B R A ) — (AR B R ek > €
AT T AL SR - the B ) 2R
O o i — B AEAE BRI WA E R
R CEE g BTt o Kk FHRE R
FEURHY IR K RS AR B Y » SR HORA K ot i TEBS
BRIl R 6% - @ H A C A 3 2 SR Fe i
fehiZRk - Y ZH K EAI IR SR A BEALE SR



196

)

L.

10.

11.

12.

13.

14.

15.

16.

Rosner MH, Okusa MD. Acute kidney injury associated with
cardiac surgery. Clin J Am Soc Nephrol 2006; 1: 19-32.

. Dasta JF, Kane-Gill SL, Durtschi AJ, Pathak DS, Kellum JA.

Costs and outcomes of acute kidney injury (AKI) following
cardiac surgery. Nephrol Dial Transplant 2008; 23: 1970-4.

. Lassnigg A, Schmidlin D, Mouhieddine M, et al. Minimal

changes of serum creatinine predict prognosis in patients
after cardiothoracic surgery: a prospective cohort study. J
Am Soc Nephrol 2004; 15: 1597-605.

. Hobson CE, Yavas S, Segal MS, et al. Acute kidney injury

is associated with increased long-term mortality after
cardiothoracic surgery. Circulation 2009; 119: 2444-53.

. Kowalik MM, Lango R, Klajbor K, et al. Incidence-and

mortality-related risk factors of acute kidney injury requiring
hemofiltration treatment in patients undergoing cardiac
surgery: a single-center 6-year experience. J Cardiothorac
Vasc Anesth 2011; 25: 619-24.

. Mariscalco G, Lorusso R, Dominici C, Renzulli A, Sala A.

Acute kidney injury: a relevant complication after cardiac
surgery. Ann Thorac Surg 2011; 92: 1539-47.

. Huang TM, Wu VC, Young GH, et al. Preoperative proteinuria

predicts adverse renal outcomes after coronary artery bypass
grafting. ] Am Soc Nephrol 2011; 22: 156-63.

. Weir MR, Aronson S, Avery EG, Pollack CV, Jr. Acute

kidney injury following cardiac surgery: role of perioperative
blood pressure control. Am J Nephrol 2011; 33: 438-52.

. Mehta RH, Grab JD, O'Brien SM, et al. Bedside tool for

predicting the risk of postoperative dialysis in patients
undergoing cardiac surgery. Circulation 2006; 114: 2208-16;
quiz 2208.

Seabra VF, Alobaidi S, Balk EM, Poon AH, Jaber BL.
Off-pump coronary artery bypass surgery and acute kidney
injury: a meta-analysis of randomized controlled trials. Clin
J Am Soc Nephrol 2010; 5: 1734-44.

Karkouti K, Wijeysundera DN, Yau TM, et al. Acute kidney
injury after cardiac surgery: focus on modifiable risk factors.
Circulation 2009; 119: 495-502.

Moat NE, Evans TE, Quinlan GJ, Gutteridge JM. Chelatable
iron and copper can be released from extracorporeally
circulated blood during cardiopulmonary bypass. FEBS Lett
1993; 328: 103-6.

Vercaemst L. Hemolysis in cardiac surgery patients
undergoing cardiopulmonary bypass: a review in search of
a treatment algorithm. J Extra Corpor Technol 2008; 40:
257-67.

Nishiyama T, Hanaoka K. Free hemoglobin concentrations
in patients receiving massive blood transfusion during
emergency surgery for trauma. Can J Anaesth 2000; 47:
881-5.

Tinmouth A, Fergusson D, Yee IC, Hebert PC. Clinical
consequences of red cell storage in the critically ill.
Transfusion 2006; 46: 2014-27.

Gladwin MT, Kim-Shapiro DB. Storage lesion in banked
blood due to hemolysis-dependent disruption of nitric oxide

[R 3% M

7 &A=

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

BRiE e

homeostasis. Curr Opin Hematol 2009; 16: 515-23.

Koch CG, Li L, Sessler DI, et al. Duration of red-cell storage
and complications after cardiac surgery. N Engl ] Med 2008;
358: 1229-39.

Rother RP, Bell L, Hillmen P, Gladwin MT. The clinical
sequelae of intravascular hemolysis and extracellular plasma
hemoglobin: a novel mechanism of human disease. JAMA
2005; 293: 1653-62.

Qian Q, Nath KA, Wu Y, Daoud TM, Sethi S. Hemolysis and
acute kidney failure. Am J Kidney Dis 2010; 56: 780-4.
Haase M, Haase-Fielitz A, Bagshaw SM, Ronco C, Bellomo
R. Cardiopulmonary bypass-associated acute kidney injury:
a pigment nephropathy? Contrib Nephrol 2007; 156: 340-53.

. Tracz MJ, Alam J, Nath KA. Physiology and pathophysiology

of heme: implications for kidney disease. ] Am Soc Nephrol
2007; 18: 414-20.

Zager RA, Gamelin LM. Pathogenetic mechanisms in
experimental hemoglobinuric acute renal failure. Am J
Physiol 1989; 256: F446-55.

Haase M, Haase-Fielitz A, Bellomo R, et al. Sodium
bicarbonate to prevent increases in serum creatinine after
cardiac surgery: a pilot double-blind, randomized controlled
trial. Crit Care Med 2009; 37: 39-47.

Minneci PC, Deans KJ, Zhi H, et al. Hemolysis-associated
endothelial dysfunction mediated by accelerated NO
inactivation by decompartmentalized oxyhemoglobin. J Clin
Invest 2005; 115: 3409-17.

Morris CR, Kato GJ, Poljakovic M, et al. Dysregulated
arginine metabolism, hemolysis-associated pulmonary
hypertension, and mortality in sickle cell disease. JAMA
2005; 294: 81-90.

Ichinose F, Roberts JD, Jr., Zapol WM. Inhaled nitric
oxide: a selective pulmonary vasodilator: current uses and
therapeutic potential. Circulation 2004; 109: 3106-11.
Tanaka K, Kanamori Y, Sato T, et al. Administration of
haptoglobin during cardiopulmonary bypass surgery. ASAIO
Trans 1991; 37: M482-3.

Azarov 1, He X, Jeffers A, et al. Rate of nitric oxide
scavenging by hemoglobin bound to haptoglobin. Nitric
Oxide 2008; 18: 296-302.

Presta P, Onorati F, Fuiano L, et al. Can pulsatile
cardiopulmonary bypass prevent perioperative renal
dysfunction during myocardial revascularization in elderly
patients? Nephron Clin Pract 2009; 111: ¢229-35.

Abu-Omar Y, Ratnatunga C. Cardiopulmonary bypass and
renal injury. Perfusion 2006; 21: 209-13.

Ranucci M, Romitti F, Isgro G, et al. Oxygen delivery
during cardiopulmonary bypass and acute renal failure after
coronary operations. Ann Thorac Surg 2005; 80: 2213-20.
Sreeram GM, Grocott HP, White WD, Newman MF,
Stafford-Smith M. Transcranial Doppler emboli count
predicts rise in creatinine after coronary artery bypass graft
surgery. J Cardiothorac Vasc Anesth 2004; 18: 548-51.
Vermeulen Windsant IC, Snoeijs MG, Hanssen SJ, et al.
Hemolysis is associated with acute kidney injury during
major aortic surgery. Kidney Int 2010; 77: 913-20.

Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-



35.

36.

37.

38.

HAEd it IR B 197

Fielitz A. Accuracy of neutrophil gelatinase-associated
lipocalin (NGAL) in diagnosis and prognosis in acute kidney
injury: a systematic review and meta-analysis. Am J Kidney
Dis 2009; 54: 1012-24.

Herget-Rosenthal S, Marggraf G, Husing J, et al. Early
detection of acute renal failure by serum cystatin C. Kidney
Int 2004; 66: 1115-22.

Krawczeski CD, Vandevoorde RG, Kathman T, et al. Serum
cystatin C is an early predictive biomarker of acute kidney
injury after pediatric cardiopulmonary bypass. Clin J Am Soc
Nephrol 2010; 5: 1552-7.

Haase-Fielitz A, Bellomo R, Devarajan P, et al. Novel and
conventional serum biomarkers predicting acute kidney
injury in adult cardiac surgery--a prospective cohort study.
Crit Care Med 2009; 37: 553-60.

Moore E, Bellomo R, Nichol A. Biomarkers of acute kidney
injury in anesthesia, intensive care and major surgery: from

39.

40.

41.

42.

the bench to clinical research to clinical practice. Minerva
Anestesiol 2010; 76: 425-40.

Portilla D, Dent C, Sugaya T, et al. Liver fatty acid-binding
protein as a biomarker of acute kidney injury after cardiac
surgery. Kidney Int 2008; 73: 465-72.

Washburn KK, Zappitelli M, Arikan AA, et al. Urinary
interleukin-18 is an acute kidney injury biomarker in
critically ill children. Nephrol Dial Transplant 2008; 23:
566-72.

Haase M, Bellomo R, Story D, Davenport P, Haase-Fielitz
A. Urinary interleukin-18 does not predict acute kidney
injury after adult cardiac surgery: a prospective observational
cohort study. Crit Care 2008; 12: R96.

Han WK, Wagener G, Zhu Y, Wang S, Lee HT. Urinary
biomarkers in the early detection of acute kidney injury after
cardiac surgery. Clin J Am Soc Nephrol 2009; 4: 873-82.



198 BEXE REM RHEL REH

Relationship Between Acute Kidney Injury and
Free Hemoglobin Following Cardiac Surgery

Hong-mou Shih, Yi-Chou Chen, Chi-Jen Wu, and Han-Hsiang Chen

Division of Nephrology, Department of Internal Medicine,
Mackay Memorial Hospital, Taipei, Taiwan

Acute kidney injury is common complication following cardiac surgery. Even if small increase in serum
creatinine, post operative mortality siginificantly increase. It is important to recognize the risk factor of acute kidney
injury following cardiac surgery. To prevent before operation and identify the cause of acute kidney injury after
operation can improve patient survival. Free hemoglobin can increase after cardiac surgery. Urine free hemoglobin
can cause hemosiderosis and cast formation to damage the kidney. Growing evidence revealed plasma free
hemoglobin reduce nitric oxide bioavailability and therefore interfere endothelium mediated vasodilatation and
subsequently impair kidney perfusion. Besides cardiopulmonary bypass, the source of free hemoglobin may be
from transfusion of storage red blood cells. Cardiopulmonary bypass can also worsen kidney function by other
pathogenesis. Recently, several studies about novel biomarkers for acute kidney injury following cardiac surgery
have also been proposed. After we understand the pathogenesis and new development of biomarkers, we can do
our best to protect patient's kidney function. (J Intern Med Taiwan 2012; 23: 192-198)



