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THE RELATIONSHIP BETWEEN BODY MASS INDEX, LEFT VENTRICULAR EJECTION
FRACTION, CARDIOPULMONARY BYPASS TIME AND GLOMERULAR FILTRATION RATE
IN CORONARY ARTERY BYPASS GRAFT SURGERY PATIENTS.

FLIGHT LIEUTENANT WIPARAT SUWANMAS 5437232 NSAN/M

M.N.S. (ADULT NURSING)

THESIS ADVISORY COMMITTEE: USAVADEE ASDORNWISAD, Ph.D. (NURSING),
WANPEN PINYOPASAKUL, Ph. D. (NURSING), PUNNARERK THONGCHAREON, (M.D.),
Diploma, Thai Board of Thoracic Surgery.

ABSTRACT

Changes in glomerular filtration rates lead to acute renal failure in patients who are undergoing
coronary artery bypass graft surgery. This descriptive research aimed to study the relationship between body
mass index (BMI), left ventricular ejection fraction (LVEF), cardiopulmonary bypass time (CPB time), and
glomerular filtration rate (GFR) in coronary artery bypass graft (CABG) patients. The sample comprised 88
patients who had undergone CABG and were admitted to two tertiary care hospitals in Bangkok. Data
collection instruments were a general personal data form, a form for recording illness data, the BMI
assessment form, the LVEF form, the CPB time form, and the GFR form. Descriptive statistics was employed
to analyze the general personal data and the form for recording illness data while Pearson’s product moment-
correlation coefficient was utilized to analyze the relationship between studied variables.

The average age of the sample was 67 years. (SD % 9.4). Most participants were male (71.6%).
The patients had a GFR of 68.9 ml/min/1.73m? (SD + 24.2) within 24 hours after coronary artery bypass graft
surgery and within 24-48 hours was 72.2 ml/min/1.73m? (SD + 24.4). The average of BMI was 24.4 kg/m?
(SD + 4.2); the average LVEF was 54.7% (SD + 14.0); the average CPB time was 144.4 minutes (SD + 41.5).
Factors correlated with GFR within 24 hours post CABG were LVEF and CPB time (r = 0.21, - 0.26;
p < 0.05) and the factor correlated with GFR within 24-48 hours post coronary artery bypass graft surgery
was CPB time (r = -0.25; p < 0.05). However, BMI did not correlate with GFR.

The recommendation from this study is that patients who are undergoing coronary artery
bypass graft surgery should be closely monitored, especially those who had prolonged cardiopulmonary

bypass surgery more than 115 min and LVEF less than the normal range.

KEY WORDS: BODY MASS INDEX/ LEFT VENTRICULAR EJECTION FRACTION/
CORONARY ARTERY BYPASS TIME/ GLOMERULAR FILTRATION RATE/
CORONARY ARTERY BYPASS GRAFT SURGERY
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= Y = . A an A o
IFNTENDUANUDGY (echocardiography) #io1lszIamsninalunaoadoniiale (coronary
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EF = (EDV-ESV/EDV) x 100
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Modification of diet in renal disease : MDRD (Chirumamilla, Wilson, Wilding, Chandrasekhar &
Ashraf, 2007) f141]
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IWANRN 6ATINMINT0URd la = 186 x szAUATOALY " x 01y " x 0.742
mautlasit e
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GFR 30-59 ml/min/1.73 m’ 9a31M131599904 laaaastunaig

GFR 15-29 ml/min/1.73 m’ 8@31M130509U04 laaaasnin

GFR < 15mlmin/1.73m”° laneszezgane
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@ ] z a 14 %
nzialagnna anuliaugavesansiuazaaning lav Tyrinsgaaulurasaiion
@u03 (Anderson et al., 1999; Villareal et al., 2004) aapaIudInNNAalnaluNNIZULOU
A A o =\ = 1 o 1 I = A
Hoaw191nu1Inna Inveunsedriilanazdeaiien Fanunszuumsvuoeiludnszuun

Yo Y A o = ' I Y a
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VlﬁlﬁUUW@WUL%&UWﬁu@nNNWﬂ’WﬁaQﬂ’lﬁpﬂﬂﬂ (Landoni et al., 2007)
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o Y A . =2 a a o 9
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= o 9 a A a 2 oy A
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lnanas Md1nI1 60 Hadansaeuriae 1.73 A1514uAT (Cooper et al., 2006; Martin &
Turkelson, 2006) ¥39910A1IAIUINUAT Creatinine Clearance (CrCl) §1n71 80 Nadansaoui
(Zakeri et al., 2005)
FA d‘ Yo " @ o d‘ A % A:;d o
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] 9 J 2 4 = o o 9 . .
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J 2 4 o [ .
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s 2 o . s 23 o g ! !
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. .. é [ o d‘ Y d‘d‘ zg A A
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v Y i1 H
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a . Y = d‘ 1 a A . d' Y o L% %
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mnuludihenmdaimadesiasadonialei luli Tsn lasau aniudsdesdaniuilsziiv

(% = Y 1 1 J A’ o =R =X [ Y d'
szavveslluamdonvesdionaazi1eedeasiiloslasmiladeszaumsaaniinuela
Usziiuoinsuaas madasuuasvesaaulniiilasrudrenaznasaus s lua

- 4
aeunaunu lulsuaimne ay

a dy 1 o 9 ' = Y 1 o o a A o Ao
MsdaraLHarmaartendIuan Hilemdaimaesasa@anniale NUmMs

o Y S 4 a & yy 2 .
mavedlaaaninni Temaaesnonsaaie lau1nay (Sachithanandan et al., 2008) 41X

[

SWﬁumsﬁNmﬁuaa"lmﬁaﬂmﬁﬁmwmuusaéﬁu c'f?ﬁ]”ﬂﬂﬂiiﬁ%’wmmgﬁé’u UYBIT NG
wﬂaﬂm"hmmmmmiﬂﬂmw lumsidamluwuila fufunszuaunsidasedesls
‘ﬁaﬂmimmummm%aamemﬂm@ finsansmsnl etz an ndndeans
Gl«vmﬂgmuwLﬂuwy@m”lﬁu,az”luma“l%mﬂgmugnJuigﬂznmmumﬂ”lumam%
naoARoAANBIRARU (Ischemic stroke) MIINANADAGDAANBIGARUTINIDY

Y [ Y o ~ A @ = dy A Yo A dy ]
Gl,u@ﬂ’Jtlmmmmqmawaamaa@m%nmmcﬂma}mmamaaum"lmum@@"l,ﬂu,am"ln
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= . Ao = o = a A A
1feawe (Hypoperfusion) 91nfinnisilasuniasvesszuuialanay lvadeulatia vsolian
A 9 ( . Vo Aa A g Y
o lilgadu (Emboli) 91nM3HIAANTINTTUNIUHAOAR0ALAUBDDTAT Aorta TAUIANIZ
Tudthendsumsmaaimadissasaaeaidlantinsiauves laaanihnassaudae i
~ [ a . 49! A = v 9 A 1
ANMNITERON1540A Ischemic Stroke gauu 1HipeanTinssaudumulurasadeadivilals
g9 30590110 After Load g9 uualiiuminalanssduvesaoafonaad (Mean arterial
= A A o A A 2 o =< = A '
pressure : MAP) 3uinga iiausaaulums lvavesnaoadeamuay fihedalinnudssne
1 ' Y H
msnaamaeangaligadunauedldievu Tasmwiz ludienil Cardiac arrhythmias ¥iia
Atrial Fibrillation (AF) 9ZIUAINITEIADNITINA Ischemic stroke qqﬁq%’aﬂaz 4.9 (Attaran,

Shaw, Bond, Pullan & Fabri, 2010)

a %4 = % Al d' Yo V" o d'
ﬂa‘lﬂﬂ1§!ﬂﬂﬂ13$‘1ﬂﬁN!ﬁﬁ’JmﬂUWﬁualuﬁjﬂ’Jﬂﬂllﬂiﬂﬂ1§N1ﬂﬂ1’l11’lN!‘Uﬂ\‘iﬁﬁi’]ﬂ

IS 0
aeaile
na lnmananng lanedeunauludien lasumsidanale ina lnndneg 4

v
v

U521ANUUAD ischemic kidney injury, toxic nephropathy, inflammation Q1S oxidative stress
dy o ] a =) o T v Y
wennnidsansoutsnalnmninaniag lanuReunauamuszozinaimsada lailu 3
5202 HUAD 52ULNOUNIAA (pre-operative period) 52ULHIAA (intra-operative period) LALTLUY
[ % . . J =) { A 9 1 =)
WAIHIAA (post-operative period) taazszoziina lniineatesrarena’ln uaaznalnelnd
AUNAUININHA WA UMY UazuAdzAUNADINNAINNA Invatena Infii 1inan1az lae

9

RYUNAY A9

STZNOUNIAN
' A Y Yo " v @ gz U (Y = v A o Y
noundievz lasumsiidaialavaznsreeniu diulvaiinezidvaeinh 14
S o 1 a [ 1 dy 9 1
latinnwamnsalumsmauanasnnniauind desemarilaun n112g901g (advance
&l o [l [ '
age) 150101105959 (chronic kidney disease) Fe0190aunaqu1anIsaouq laun Tsamwmau

a

TsannuauTariags lsndu vse T3arale 1agduq (Lee & Sladen, 2002; Dudick & Lisbon,

de

@

= ~ a da! 9 9 [ ~ Y Yo Vo oA o Y
2008) woNMINHGITAIZUNAMIzARvRATUNSoug NunouRdieaz 1aTumsrdani 1
o ] A dﬁf ' dy Y
msrhanuved launnseanuanniu anzmaril laun
H Y 9
1. anziiaenldideslnanas (renal hypoperfusion) A19¢1¥11¥INA ischemic

. - 2 o q 9o . . & Yt ¥ i .
kidney injury 9711109 endothelial cell dysfunction Wuraliiinsa319 nitric oxide anas
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. 4 2 o a .. <3| 1
uagai N endothelin 1WA ¥117IAA renal vasoconstriction Humaliadenliinosla wag
v Y v
Wldine wbular damage Tuga minanzmsnadea libeslaiu lizunse e1evilding
. . v 2 19y A dy Y a da! ' o Y
cytoskeleton disruption NTUU memﬂmiﬂnma@ﬂllﬂmm"1@1uummluafmguuiqmwﬂw
v 9
INA apoptotic cell death & 90192510 @ renal vasoconstriction Lag tubular damage Wit
v 4
glomerular filtration rate (GFR) a@ad(Abuelo, 2007; Brady et al., 2004) AMazaea ke e
. dy = o Y A A A 1 Yy
aAad (renal hypoperfusion) uf)']ﬁ]iJﬁ']H/iﬁ]NW%']ﬂﬂ']3@@@]1!511”0%?(14@’0?%1/]1@ NNUUDY llﬂllﬂ
renal artery embolism ¥300190AIAN1ITNY 1N cardiac output (CO) AAAY 1FU AL
: a {9 3
cardiogenic shock Wio A1 non-cardiogenic hypotension ¥49191AAINNT ﬁé’ﬂmmmm
v ' a a <
(hypovolemia) N0 mﬁ]"l@gfiumﬂqu vasodilators  IuSuasunnu 'l dludu (Bellomo,
. . dy A . . = 1 LY Y
Auriemma, Fabbri, 2008) H8N31NUN15NU neurohormonal activation mmuiwmuﬂwﬂuqﬂw
A o Y di‘ @ . . A I 9
NUngrialeauadses59 (chronic heart failure) 910n150N CO anavilumalvszuy
sympathetic nervous system @& rennin-angiotensin-aldosterone system Qﬂﬂizﬁu MmiAans
% { ¥ I a A
nagvouduasanliiaeala (renal vasoconstriction) 1Wunald lanannzviadeamuun
2
YU (Rose & Post, 2001)
Y
2. AMEMI1NUYee lauANI991A nephrotoxins Arilansarlinaniigla
= v Y o dy
'NEJLQ‘(’J”UWQ‘L!]I@ JU
2.1. msndiheldsuemsearsniilding idiosyncratic  immune
Y Aan J vy ! . ..
response 1aun ﬂwﬂgmuzﬂqu beta-lactam EJTLLﬂ‘]J’JﬂﬂEj‘JJ non-steroidal anti-inflammatory
I~4 1 e o a a { . .. “ .
agents (NSAIDs) 1iludu enquilihldinanersanmilauny interstitial nephritis 18
(Schetza, Dastab, Goldsteinc, Golperd, 2005)
22. mingitheldsuervmsearsiiilfing direct tubular toxicity
Yy 1 an ' . . L. s £y v A, Y a a =
"lmm 81‘1J§]%’J‘L!$ﬂ€]1| aminoglycoside (/0% amphotericin wWuau EﬂﬂijlluﬂﬂmﬂﬂWfﬂ‘ﬁﬁﬂTWﬂ
Tauwy tubular necrosis 18 (Schetza et al., 2005)
2.3. mi‘ﬁé’ﬂaa"lﬁ’%mm%msﬁﬁwada glomerular hemodynamics
o Y Tt v 9 < o X
3211 1¥ GFR anaq mﬂquuum"lmﬂu 2 1521 Al (Rose & Post, 2001; Schetza et al., 2005)
2 A Ao qyYa L. Y 1 =2 . v '
feevsoa1sN Iving renal vasoconstriction hl@l,l,'ﬂ A1INVLULE N (contrast media) EJHLﬂ‘]J’JﬂﬂZjiJ
NSAIDs  @1nAQUANAUNGY calcineurin  inhibitors  1Az81130a 1591 19%1AA renal
. . ! . 9y ' o a 1
vasodilatation IﬂﬂlﬂW']Zsluﬁ’Ju"U’f]\? efferent arterioles Ulﬂllﬂ El'lﬁﬂﬂﬂ']uﬂuiﬂﬂﬁgﬁﬂqu

angiotensin converting enzyme inhibitors (ACEI) {l8% angiotensin receptor blockers (ARB) N13
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o

a = @ 1 dy a P A Yy A ~ = kS Y .
mﬂmaz"lmwmwwammm ﬂ?,jiJLliJﬂlﬂﬂgluﬁj.ﬂ'lﬂ‘ﬂﬂﬂ'nglﬁumﬂﬂﬂllﬂ@]‘ﬂ‘ﬂ\? 2 U1 (bilateral
renal artery stenosis)

3. N122NIONEY (Inflammation)

Y v 9

anzilinnuludieniinizialaduialises3 (chronic heart failure) W30{1)2e
A a Ay 1 = A 1 dy = @ . .
VIiJﬂ'lﬁﬂﬂL“If@Gluﬁ%iﬂ'lfJ ‘Iﬂﬂﬂ'lﬁﬁﬂ‘]eﬂW‘]J'J'lﬂﬂ?ﬂlﬁﬁWﬂﬂ%Nﬁ%ﬂU cytokines H8¥ chemokines

] Y
unnUY 1dun Tumor necrosis factor (TNF-), Platelet activating factor (PAF), Endothelin-1
(ET-1), Thromboxane A2 (TxA2), Leukotrienes (LTs), interleukin-1 (IL-1) U@ interleukin-6
I o a o {

(IL-6) Wudu dawaliifanisvadiveuduidoni la (renal  vasoconstriction),  cellular
dysfunction 1@ apoptosis necrosis A1NA1AY (Torre-Amione et al., 1996; Schor, 2002)

f a f @ 9y 1 . I
u’aﬂmﬂﬁmazmmm%mmmmﬂimu complement system N1UN1Y alternative pathway 11l

wavi e cytolysis & (Feehally, Floege, Savill & Turner, 2005)

STazHIAA
" o d { o o o o (1 { 1] " v W {1
szazraailuszozidraydmsudien lasumsidanalatazninsen die

prnanz laneoundu 14 Feormannauaiuana 19915282 NOUHIAR (pre-operative

2
v A

period) AU
d‘ A dy . dy a 1
1. nnzidon lUides laanas (renal hypoperfusion) 117210 19AAINTUNAA19)
9 1
1aun
@ 9 A A 1 a .
1.1 M3gaauveuduiaoai la 19U n151A9 atheroembolism  910N13
M3 1UaIUY aorta 1AL left atrium ¥30 left ventricle ag ATINA air embolism 1IN
[ Y] I~ ¥ a [ . .
a1 UAY HoNIINTNITIAG aortic LAY arterial dissection 130 N5 aortic cross-clamping
Y [
ansamlfinanzviaden liidean laldmuny (Bellomo et al., 2008)
] Y ]
1.2 anganuaulafiad (hypotension) Aziaananenlylu
o q Y o A . . A N o A Y Yo
msavel M Inlin1sve1eAIveeraenIion (vasodilatation) Wavo1MAANIenaINg1e ATy
U d' v o Y [ 1 A ds! (% A
n15lansesrleviely nilvuseaulusesdeaiuyuaInn1sve18A1v09YaDALADA

~ [ ] A 2 dy o I
(vasodilatation) M3NTLsIaUTureseauyuil 921119 venous return anauilunalit co

v
o

] 9
anadazinAn1IzANNAU TafiaA1 (hypotension) MNEIAY UBAIINHAIZANUAU TaHiad
Aa A 1 ~ A [ (Y] Yo %‘ (= I Y
D1UNANTUNADU LBU ﬂﬁ@jﬂgmma@@iwﬁﬂdwm%} ﬂ’liul,ﬂiﬂﬁ'liu'lulNleNWﬂ lﬂuﬁu

(Bellomo et al., 2008)
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1% . 1 ' A 9
1.3 5@ Mean arterial pressure (MAP) lianzanluszrinanly
) 4
1304 cardiopulmonary bypass (CPB) pump 1unmzinadivinidea luidesla lidisans Tavy
1321V autoregulation 11 1HNATVE18AIVDY afferent arterioles HATNNITHARIVDY efferent
. A 9 1% [] I'd a 9 'o 1 Aa A ]
arterioles 1@ 1¥52A1UY03 GFR aglunasing 41v1n MAP énd1 70 Haawasisen Tavg 1l
4 o o ] 4 a <
AMITAIVANITLUY autoregulation N9z311% GFR navueglumnusiUndla iWunald el
ANE 30 lumsiauanas (Rose & Post, 2001) dmsudieniinnnzanuauladagaun
I A Yy = Ay o . o Y 3 a A
Wunannu wiedtheiinz lanei5e59 53U autoregulation o3 Tnazihalaitlulnd e
1 1 4 1 ' a U 1 £
MAP fifingandn 70 wu.alsen tie 1% GFR aglunaaitnd (Abuelo, 2007) drvngilremanil
Yo o Y [ Y ' 1w A = o a A
1a5umssi cpB wiounsnauqguld MAP luszuiwidaiinegiszay 70 Hadwasilson
91917 GFR aaaqld 11nmsAnbives eeduazame (Urzua, Troncoso, & Bugedo, 1992)
Pl A Yo o [ 2 A .. 1
Glu@ﬂwm"lmumim CPB 9NHUA 21 518 HIUA creatinine clearance (CrCl) 110N 70
a aa ~ Al A = 1 a a o <Al
Hadans/ N wundieniaunas MAP 11001 70 Hadaslsen (10 14 318) 9zl
' " o 1Y A A 1 Aa A
crcl lusgranmsimidaganndgirenliaunae MAP 534313 50-60 Haaiuasilsen

A v o W a

(F1u9u 7 510) peeihiedAYN DA 1AA1 Creatinine Clearance (CrCl) naan15r1Aa Tt e
W 2 ﬂtjuﬁ”lmmmsiwﬁuasiwﬁﬁaéwﬁ’tymaﬁﬁa BONINTINMIANYIDUTRUNES
(retrospective study) Yoo Az AME (Fischer, Weissenberger, Warters, Geissler, Allen, &
Mehlhorn, 2002) wuﬂwé’ﬂaﬂﬁ‘lﬁ?ﬂmsﬁw CPB aziin3iauved 1and (creatinine Hosnn
1 fadnfuadans) Aournisiida o1fan1z lanedeundundinsidaldlunsdii
MAP  521319msIdaiia1iIngt 60 Tadwasisen Huszezinaiuiunil 60 ui
(Fischer et al., 2002) 08191511 1uﬂ%@ﬁuﬁq‘lﬁﬂﬂwsﬁﬂwﬁmﬁu MAP g auiianingo
Hoatumaianiizlanudeundy Tannnizediesediaeinnuindnivesszuy
autoregulation filemanil Igun dgeery Ailofiiianudulafingauniiuszeznan die
Ananzlaneieds (Abuelo, 2007)

1.4 N13409 Neurohormonal activation “lué'ﬂaﬂﬁ"lﬁ%”umsﬁw CPB ¥
32A1 catecholamine (epinephrine L8 norepinephrine) AL renin Lﬁugqsﬁuiui ZHINMITHIAN
$unaled renal blood flow anad 1ipanndudeadi lnfin151as (renal vasoconstriction)
(Bellomo et al., 2008)

1.5 7117¢ hemodilution Lﬁ@é’ﬂamﬁﬂﬁmaz hypoperfusion 118

v
hypothermia 1U5£H319M15A1IAA CPB 115911 hemodilution Wuiiaus281¥ blood viscosity

o Y A = =S dda! = 1 v A EAl Yo o <~
afa ‘ﬂﬂwLaa@mmi"l,wanaumumﬂmiﬁﬂy1°wmﬂuizmnmﬂ’m”lmumim CPB %3U
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9 y 9 A Lo ! L 4 < v R Ao qYa
FLAUANUUUIUUDUADA (hematocrit) 11N 20 L‘]Jf)il“])'u@ ’E)']%L‘]Ju‘]jﬁlﬁ]ﬂﬁu@ﬂﬂflﬁlﬂﬂﬂ'ﬂg
=) o 9 1% " W g’/ dy A o a A 9
"lmwmauwau"lwmmﬁmm mummmﬂmmmmmGlumiumf)ﬂmmu"lﬂw'lﬂuaam
o Y Aa . . .. 9 ] <3 = 1 tdyw 2 9Y o w A I =2
“I/l'lclﬁlﬂﬂ ischemic injury llﬂ ’t’JfJ'Nll'iﬂﬂWNﬂWﬁﬂﬂBHﬁﬁ?Hﬂ\iN‘Uﬂﬂ']ﬂﬂ Luﬂ\i*ﬂWﬂLﬂUﬂTﬁﬂﬂ‘HW
9 ) . A = o 9 9 .
HUVIDUNAN (retrospective  study) +359 msﬁmgﬂ%mmauuﬂﬂmwm (prospective
Y
observational study) (M1UU (Karkouti, Beattie, Wijeysundera, 2005; Loef, Epema, Navis, &
Y
Stegeman, 2009) AIUUIIAITUNITANY LU randomized controlled trial NOUTIVTAFUNA
= 1 dy 9
mMsAny el 14
9
2. ﬂTJSﬁmiﬁN1uﬂJENhlm_lﬂ‘W§ENmﬂ nephrotoxins AMzHo1nnn endogenous
. [ . I Y = 1Y AY Yo
toxin 1% free hemoglobin 1JUAY 1NMTANEIVOS aoHitazam (2009) wmwjﬂaw”lmumi
v Y
N1e1a CPB ﬂ%ﬁi%ﬂll free hemoglobin LW?J%H“]J?S?NTEM 10 mwmimﬂus&mﬂﬂ@wmmimm
2 v 9y 9
ﬂill'lm free hemoglobin ﬁi]&’t‘WiJiﬂﬂ%uﬁnlligfJSﬁL'JfI'IGU'ENﬂ'Iiﬁ'I CPB uammﬁmwu%m
Y
5292172109975 CPB uilnaaen1sviaiuves laedalifodnyn19ana (Fischer et al.,
v & & VA . o L2 Ao qya
2002) sariuerndulil1dNn1g pigment nephropathy o1vidlugunanilsiildinaning laae
Y
Laﬂ‘]JWﬁ‘Llﬂ'lfJ’HaQﬂ'liW'lﬁﬂﬂ’ﬂffluazﬂﬁﬂ\‘lﬂﬂ NIINANTIZ hemolysis TEHINNTHNINA CPB UU
Aa a < A Ao o o dy a A A A
D19NAIN shear stress UVUNIVDUUALADALAINTUNTNUNUHNIVDIATOI CPB pump N
<3 o o Y 2 A . ~
ANULTIAZUIIAUGN mlvdaaeauaauan (hemolysis) (Bellomo et al., 2008) Tuanign
' = & . 2 o . o ? .
519MeNANYUNTA hemoglobin 3211811 U met- hemoglobin 199101 met- hemoglobin
v v @ i A . I a Y 1 1 R
wIVAINUNUT Y distal tubule 1Hunaldinanisgaduveao laluiga (Haase, Haase-Fielitz,
dy Aq Y 1 o R oA £
Bagshaw, Ronco, & Bellomo, 2007) uaﬂ%TﬂUﬂ1ﬂ1%1u3$ﬁ31ﬂﬂ15NWIW]N‘JJE]‘V]‘EL’]JM
Y
anti-fibrinolytic agents %4 aprotinin, tranexamic acid 8% protamine wunewvaril lulinarade
@onN3auvedle (Amar et al., 2007; Mouton, Finch, Davies, Binks & Zacharowshi, 2008)
' Y
3. MILNIDNLAY (inflammation) ﬂTJgﬂTi’E)ﬂLﬁllﬁlﬂﬂﬁuqi‘lﬁgﬁ'ﬂﬂﬂTiNWﬁﬂ 219
a t%l [ A a A A v o @ A o Y
Lﬂﬂﬂ]uiuﬂﬁgﬂﬁuﬂ”ﬁWW]ﬂ 139919UNANNITNADATUNTNULIATOI CPB pump ‘mﬂmnmﬂ

o I A . v . ' a
Suiruiudanlantasy ¥99zn5zqulniin1snas mediators @199 wazian1z laae

= o A . =2 1 =
mﬂuwau‘lquﬂ (Fischer et al, 2002) 1M sAnE1luszeza1Inna1 20 Y wun

azimsndeuiifatundindihelgsumsmdaialanaznssenifuiiniuduiug iy
N1ITN150NLEY (inflammation) ﬁgﬁﬂ%ﬂuiwmﬂmmﬁﬂm (Amar et al., 2007) HANIILNS
S (inflammation) VHazduWuETUMIAan Iz lanedeungunie s lunsunisa
NNMIANYIVDY ?uma%uazﬂmz (Rinder, Fontes, Mathew, Rinder, & Smith, 2003) W“U’hé}ﬂ’JEJ

v 9
‘VILﬂ@ﬂTJ%1@318!%UUWﬁuﬁaQﬂ1ﬂﬂ1iNW]@ CPB 1y zidf5unum neutrophil (t01& neutrophil
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2 . . A ' 1 1 1 a o ]
CD11b iU neutrophil adhesion receptor tngInNAT e litan1z lanedeunduedisd
[ v
Wedngneana dmsudiaen 185 un139 leukocyte depletion NOUIINITHIAA CPB 111
W1 markers V0 tubular 11aY glomerular injury 92aA#104 (Tang, Alexiou, Hsu, Sheppard,
Haw & Ohri, 2002)
. . = 1 1 [N FIA d‘ 9 d‘
4. MY oxidative stress INMIANEINDITUIENIIMIIIAA {1 1o 1HAT 0
o = ' oo A . AR a A
M lwazdoamonluszninamsman a2l lipid peroxidation {WNYU LIAZ N antioxidant Twiaen
[ g’/ . . 3 2 A o Y a = [
AAAY AINUNIL oxidative stress 1T una lnuilanmlimaniswasundasvesensinis
o [ Aa ~ [ 1 1< o a9 =~ ~
nseeved larh ldgmainannzang lanafeundu eg1elsnawdslulideyaioanono:
Y Y A o A a . .. Y o Ay Yo [
agdwa’la giheniinnzialenaidens19azing reperfusion injury lanasaini lasunisaida
v 9 1
CPB M13110@ reperfusion H92111135197188319 oxygen-derived free radicals NNAINATT
[ ] 9
an1lapevoq iron N0g 14 free hemoglobin 10 iron 1MA1HIUYLINNIT Haber-Weiss reaction
Ay ¥ = . a 49! = 1 o Y a - . . 49! dy
Han lavell hydroxyl radical INAVYU Fagou1azinlvna lipid peroxidation VYU VUIUNITU

' Dy 1 o q.¥a . v 1 3
i38n71 oxidative stress YUIUMIHAIMT09 1A cell injury 18 wonanfinnziiaaluy

'
A o

A . < & Y a L. L. = 4 = o
1a9Ag3 (hyperglycemia) mmﬂumms{mm M 1ina oxidative Injury 'latlosnniiszau
L. A X oA d 2 A, o Y a .. Y 1A )
peroxynitrite INUUU LIAS peroxynitrite nwnyutlram1vmne cell Injury Qg ueanu (Allen,

Harwood, Varagunam, Raftery, Yaqoob, 2003)
U ) U
ATUYTHAININA
A o o Y @ 1 o Y g’/ Y a
ﬂﬂ]uﬁ”lﬂﬁ”lﬂﬂfll@\‘lﬂﬂ’mﬂluigﬂ%ﬁﬁ\?ﬂ”liN”Iglﬂﬁ’ﬂi]uﬁ$‘1/]5’J\1f’)ﬂuullﬂlﬂﬂ‘1]1ﬂ
1 A o Y = 2 I &£ A o Y o
TUNANNG amn CO afad ¥IN1Tanadvog CO u@']fl]L”]JLlﬁWLﬁﬂﬁu@ﬂﬂﬂﬁﬂWiﬂNWUﬂlﬂﬂ
1 1 Y Y 1 a
51Qﬂ181u5$ﬂﬂﬁ1dﬂﬁhlﬂﬁ’3 Vl@l,l,ﬂ 5$1J1J“]Ji$ﬁ11/l SZUUTHQMHWT(’J%] iZ'U’]JUlG] HazIsuy
v
MUAUD1115 (Dudick & Lisbon, 2008) ﬂﬂuuﬂ1ilﬂﬂﬂ1’)gﬁll@’ﬂﬂmEJUWﬁuWaﬁﬂWiWW@ﬂ'ﬁ)ﬁ]Lﬂﬂ
Y
FINNNITHANE Aal
~ A dy . dy v A d'

1. aziaeallines]laanas (renal hypoperfusion) N1ITUNNNAIINNITN CO

BRGRONIG] 1!%@;@'1@] 1Y Hypothermia Hypocalcemia Hypomagnesemia Hypoxia Acidosis
I g v 1w o
Arrhythmias Volume deficit Wudu uennilsz ez HAINIAATZUY neurohormonal system YA
Y ' ' Y
gnnszdu M lddihanannzmsuadon lUimesd lamiuau (Bellomo et al., 2008)
9 v
2. AMzmMINuYe lannse991n nephrotoxins A1z HINRAYING AT

(% [ 1T v ] Y 1 a U . .
1a5unaamsridn 1wy ewdaangu NSAIDs #1131z nqu aminoglycoside @13 AVNES

I [ g o a % H 1
(contrast media) 1Hudu surarieinldinanig lane@esunduldaauna lnfinanuds
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v Y
T19A1 @Y endogenous  toxin  NOIUNATUNAINITHIAA 1AUA myoglobin 1NN
rhabdomyolysis 431509 a1z laneReunduldndansiidalagriiunienalnf
4 =< o . A o Y a = o kS dy A
ﬂa’lt’lﬂa\‘]ﬂﬂﬂallﬂell@\‘]ﬂTJz hemolysis V]V]Wiﬁlﬂﬂﬂ']')gllﬂ'nmﬂﬂﬂwau MAULUBIITN
. . 2 o ) a9 = o v A .
hemoglobin @& myoglobin Hanbue 1AsadiNnIuAlA1enaIny Hune hemoglobin
Us2NOUAIY heme protein 4 2 Hk iron (Fe2+) ogludrunalnvesllsduuaazaa dau
. Y . = v v & 2o~ . ~ @ 7
myoglobin 152NOVAIY heme protein (WEY 1 §17 AIUUIIY iron (Fe2+) (W 1 @ UNIUU
(Haase et al., 2007)
9 4 1
3. AgMIONAY (Inflammation) AU IHAYNANINMTAATOHAINIAA T
£y Yt v A . ' 3 Y a o Y A A
%zﬂizquiwumiwm cytokines 481¥ chemokines $1199) LﬂuNaGI,WLﬂﬂﬂ'ﬁﬂﬂﬁﬂﬂlﬂﬂlﬁumﬂﬂﬂqﬁ
(renal vasoconstriction) (Schor, 2002)
o E . . R T
4. 117I¢ oxidative stress H1ITULNAVN ischemic reperfusion injury Norvnavuila
A A o A 2 A Y a L. A 2 S
WioNeTeIrous Falinalring cell injury 110 (Bellomo et al., 2008) WanIAHAILIAa 1Y

1@0ag4 (hyperglycemia) §3v11%17AN1IE oxidative injury AR (Allen et al., 2003)

9AIM3INIBIVRd IR
(% =4 A ]
89317150509V 04 la HueDa anuausaved lalunisnsesdealaeriulna
o I v 1 o =3 ] I A Aaa =1
wogad 1Wumsiasimsiauvesla Iniaeilu dadaas/ i/ 1.73 M1519uas (Huether,
< J Aq ¥ o ] A A A I a o
2008) BUTUNINTOINTFANUAUNTOIHIUIATOINTDINNFIANNIN NIINTDIUNADINAIINAY
A A ) o A 2 ' A
youdeai lnavui Inawegaarugraoanoados Felivinnilurasadoadossssuan
1 4 [ 1 ] 1 { I 1
15191 1o uves Inawegadeouldasaieg miuladie arslani TuanaaninTdsaulu
. ' Y A A Y s
Wa1du1 (plasma  protein) 9zNIOINIUDONNT 1A Tashauisonseadon’la 125 gnuisn
a = 1 ?)I ﬁ' =S 1 A A 1 1 =
uAmas/ANy daulsznevvesiinsesesnuilidiviszneumiloudoannodie ua lall
< = ~ =1 a
Wameauad U11lsautlos uazde laruilu'leTuIndin (isotonic)
Y A A A o ' v d '
Winvesnasadearosvedla lumsganseduas aunsoudeIdiilu 2 edrg
D (Copstead & Banasik, 2005; Porth, 2005)
=< g . & ' A
1. MIgaTuAIerana laWoe (tubular reabsorption) A0 N13RAT1TAI) NN
[ Y = o 9 d'dy I U 1
ponnlunasa landuinseme e lasimihniduaiulng
2. MIAANAIAI81aDA 1arB8 (tubular secretion)ABMIVUAITUBE1INNADA 10

Y Y v
Hosasevueen il d1viasaladesduesnlilaslildadvvues venEonan mMsnan1edle

naoa o (tubular excretion)
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nalamsvudaansanss iviaeale msvuaanialdily 2 oga A

1. na'ln udniivl (active transport) twadvesviasaladesiinalnvude Tagld
W wu mavudahmang laa

2. na'lnwna@l (passive transport) Iasndet s U Ut LIRS udy

MIPANAVUATMIVVAITANE fna'lnged (Mc Cance & Huether, 2006)

1. Tus8u lavznsesTds@ueanun Tduinda 30 n5u/u drldsauligngandu

Y )
w1l sameazideTasdu llegann aaiuiemeszaanau Tdsaudn ldvua uaiiioaan

~

' ya, WY Y Yo A ' . .
Tuanaveslsaulug 11935 s55ua1 1i1a deeldisnGeonan InTu'lyTade (pinocytosis)
A a a o A 9 ¢ Y A4 9 7Y v ¥ ' v
Ao lusAuaz llaanuigeumad udrgnisoumaaiuet 13 1iniusggndosuaz yudarIu

Y] Y o [ a ~ o ~ 1 9
mivwad 14 dmfunsaeyd lufignnseseenuiazgnganauruaivasa ladoodudu
d' % d' 1 9 d‘ 1
2. ngIad ng laaiinsesesnin szgnganduivaca ladosdiudunng 1593103
o o J I
gandTasordoroulaieanosad (phosphorylase) AvvzsInilungIne -c-Woaa

i 9 s 9 ' a o o
(glucose-6-phosphate) 1iio1d1 1l luxadudrnzdaesnemneenuuiusiuiuveen laing

1 ~ Y a a o = a a a o
og ANNEINIT0ved laNvzgang Inald luwie 375 Haaniu/ani wazlunal 350 Haaniu/

=
HUIN

~ v a

{ g a
3. ﬁWiﬁLﬂuNaﬂWﬂlNlLﬂU@a%M %jf]ﬂa$ 40 VYBNYLIIRNAANAVATDANTUAUUDN
o Y

vaoa lados daunseatiulugngalasvasalaros indigniueenuiiiiviaoa ladoy

Q

] ]
ad a2 o

' Y = o Y = = A ~ a9
auau em Idaseatiuntuesnu lulaanzidsnamuaninseseonuidniseas 20
ad = ] [ A = d’
4. 9anTng lad Inalnmsvudesiiuvaca lades Ae TxAeuninsosoonu1azgn
o A ' 9 v 3 a (a9 o A
aanaunvaon ladosaiuduilszumiosas 90 Tae na lnuoniidniesaz 10 gnganduf
1 { o 3
naoa laresaiuate TasmsadnInunaFeusonuanilasudosas 9 dnduuEniloe
v ] 9y
iieedosay 1 gnaanau TasuandounylsTasnu leseunvasa ladosad19vu

= % o o v 2 A
NIYATNUINAY Nﬂﬁulﬂllﬂﬂulﬂlﬂu 2 YUNDU AD (Mc Cance & Huether, 2006)

v
v A

T f 301 v
1. iviaoa ladosdrndu (proximal wbuleninseseonuvzgnganauivasala

1 ] [ { o o
dosdruduilszunadosas 85 Taona lnwiadl Sen'laindumsgadundundidenszi

v v
v AaA S

I a2 { [ g}/ g
(obligatory ~reabsorption) 1Wi1zidumsgadunaunidsumacilunoeldsunlas nail

? =

A 1 Y adg o o F) = <=
iesnnluraea ladesdiudu aianIns ladgngandudi Tasiina lnuoniiv 1hvegngany

U U

=

9 Y @ a A g v v 9 A
mn"lﬂmtl @]'lllﬂ'J'lll@u@@ﬁiuﬁﬂmﬂﬁ'ﬁu'm'luﬂ@ﬂﬁ]'lﬂﬂﬁ@@ulﬂﬂj’f]flﬁﬁuﬂu ZINADINYY 16
4 a @ 4 a
Qﬂ“]J'lﬁﬂl“]fu@]Lll@]i/u'lﬁ (ﬂi@ﬁ@@ﬂﬂ1ﬂ1ﬂiﬂalﬂﬁ)§aﬁ 125 Qﬂﬂ?ﬁﬂlcﬁuﬁlﬂﬁi/u1ﬁ) !Lﬁ%fl

¥ 1 -7
aaauiiatiuleTdTndia (hypotonic) iz lienansoazaiu Ta@eadh lu &
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$ 1 4 9.! 1 1
2. iviaen ladoodiurlaie (distal tubule) oastiwudn 1t snasa ladosaiu
@ <} { o 1 F: ] J 4
Uae dalina lnudniivl fealmReunanlUdn ualFnanihaseglurasa ladesaiularesiiaz
= o 9 v 4 g X Vo Yo . o oL X Vo
gnaadunauE 1 launnseesvuegnunis 14Hr1M (permeability) ¥oIMiuwaa FIUuognl
J < A ' 4 {
05 U1 19A10% (antidiuretic hormone, ADH) n1sgaihiinasa laWesdiutlaretl nlasunilag
YR A 1 = o o . . a ¥ ~
lagaizona1 nsgadundu Tasaiing (facultative reabsorption) muilndAtazgngaiiviasa la
U J a 3
dosarudaredniszuia 15 gnuianwudas/ui szmaeoeen 1 Wudaaiziie
d a = A a ' v
1 QNINANEUANAT/ANT Aolszana 1-2 AasaaTi

v A

IFMIAUIUBATINTATOIVDI A (Glomerular Filtration Rate; GFR) °1uﬂﬂ€guuu

9
na1e95 YU gO3UY The Modification of Diet in Renal Disease (MDRD) UMIMUINAIY
(Levey et al., 2003)

—-0.203

IWATIY BATINTNTOIN09 1A = 186 x szADATIEATY " x 91Y

0.2

WAV DATININT0DI | = 186 x szAUATIOALY " x 019 " x 0.742

g93UD3 The Crockcoft-Gault equation ﬁmammﬂg $19 CCr (ml/min) = ((140-Age)
. 9 v 9 A <3 9 = ' < A aa =
x body weight / 72 x Scr.) x (0.85 @HUIUANYN) Wudu Taeliviulodlu dadaas/uii/i.7s
MINUAT
Y
MTULNTLLUDIBATINITNTOIVDY I a1u150uLe1AAaH (Stevens, Coresh,
Greene, & Levey, 2006).

< A 9 ~ v W a a aa
Stage 1 Lﬂu33ﬂgﬂwﬂﬂﬂﬂi$ U @]‘iWﬂTiﬂ‘if]\ieU'éNvl@]ﬂﬂ@ GFR > 90 Waaans/

U

Y
v

Wi/ 1.73 ansawas luszeziigihends Iasumsadenas Idnmssne laun angTsasauld
[ A 1q 9 A 3 L%I Y o A = [
mssnuune ildTsalalianuguusesiaiinniu uazlinissnyuioannudoeo
Tsnrlanazviaeaidon
3 A Y = v <] 9
Stage 2 1iluszezNdihelszaudnimsnsosvedlnanauaniios GFR 60-89
a aa = dyﬂll Yo a A Y 9 A
Haaaas/ Wi/ 1.73 msrawas szeziigilonas ldsumsdszdumeganuiniviiinioans
JUIseelsA
I A Y = v W
Stage 3 1iluszez N eliszauonTININT0wed lnanasiiunaly GFR 30-59
Y
Haaans/ Wi/ 173 msawas  iheluszeziinas 185umsdszidunaz 1dnssaw
AMUNINFoUVTIA
I A Y = v o
Stage 4 1iuszezidileliszaudnsinisniesveslaanainin GFR  15-29
A aa ~ o I 9 Yo =) 9 1 o [ o .
Haaaas/ wi/ 1.73 msamas suiludedlasunisesoudiae dimSuni1sia kidney

replacement therapy
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I A Aaa
Stage 5 1iluszez laneszezgaiie GFR < 15 dlaaans/ Wi/ 1.73 M1519uA3

Fﬂz}ﬂ 1eRe9 185y kidney replacement therapy

14 =) v
maz"lmummmsmwau

[

Y = @ . . I 9 A o
A ladunanReunau (Acute Kidney Injury, AKI) 1un1zunsngounding

o

& v AN Yo Vo w a o = A
ﬂTJ%WH\‘]GluEﬂJ'J‘(’JVIulﬂﬁ‘UfnﬁNWﬁﬂﬁﬂiﬂllazﬂﬁﬂﬂﬂﬂ max"lmwmauwauwmam NITNNI
o ] <3 I o A @ d o Y a
1/]']\1']1!511’6\‘]ulﬁaﬂa\1@‘(’J'N3'3@Lﬁ'Jﬂ'lfﬂu’ﬁgﬂglﬁﬁnﬂu‘lﬁiﬂﬂﬁiﬂ/ﬁﬂQWﬁ ‘V]']Glﬁlﬂﬂﬂ']iﬁgﬁuell@\‘l

1A

woude91n 11 TA519U nitrogenous waste products 1ALNgITY urea 11AZATIOANY creatinine (Cr)
I . o 1 o 1 o A 2

(Brady, Clarkson & Lieberthal, 2004) iJunilalutladudosnvi lidielioasimsaeiniu

namsanenru lagly Risk-Injury-Failure-Loss of Kidney Function-End-stage Kidney

. . . ' Y A Yo " v W =\ A 4

Disease (RIFLE) criteria WU 1udtlef 1a5unsiiaaialataznsiseniigianisalvesnis
a = o I 4 o 91 I J . .

manz leneReunauilszn 19 weodidud minswundiledu 3 nguay RIFLE criteria

wun dieheglungu risk (RIFLE-R) injury (RIFLE-I) uag failure (RIFLE-F) 9z3i9a31013

] 4

MUNVIUMVEIRY (8%, 21.4% Uaz 32.5%) aruanudeinisiianaunu'la (Renal
< A X o ' Y

Replacement Therapy, RRT) NINAUAINAMNFULITIVOINIZ I0NORoUNUTUIRAINY

(Kuitunen, Vento, Suojaranta-Ylinen, & Pettila, 2006)

v d'd ' o v 4' Yo ' o o d‘ A
ﬂ«‘nﬂﬂﬂuwamaﬂﬂm‘m‘;mmm"lm“lmgﬂ’wﬂ"lm‘umimmmmammmamaaﬂ

¥la

AvH37an8 (Body Mass Index - BMI)

3 ax a an & X Y o 3 o a o Y
BMI L‘}Jmﬁmsﬂizmufﬂmmmm “lfﬂllﬂﬁ]TﬂﬂTiuTUTﬁUﬂ (ﬂIaﬂill) n1INY

AU (NAT) ¥NNIAIEDY ﬁ”IZJ”IimL‘]JIQL‘]dJ‘L! class GI'NG]G]UJ World Health Organization (WHO)

U

' Y
% v A

Adrayladeil AlnAves BMI fie 18.50 - 24.99 N 1ansu/uns” under weight A® BMI 1108n31

g

18.50 N 1anSu/uAs over weight A9 BMI W1ANIHIBNIND 25 1 1ansu/ANAT  1ag obese AD
BMI 11ANHI 091171 30 A lan5uiuas’ (WHO, 2008)
= A o A Al o oA 9 ' a @
NNMIANBUNYINY BMI - Wy dihrehlimaativaaniedesndi 20 alansw/
wes nasasmIme 1¥5zeznarlunsueulsaneiuiauy tazdnsinsnsedved la

Y

anad ldunnngihenariiniamelnalane 4.0, 1.7 uaz 1.9 M wd1Al (Reeves et al.,
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Y 4 H [
2003) Meilesuelandiieni BMI tieeniing dldtasesdisesluiianedosd
v Y
damalitsnamenaniizniesldsauuazunaosyu(ichikava et al, 1980) 32unvTu
"o Y o a3 9 9 A o =} T W = o Y a
nszurumsiaagilresuiludesldniesinrlatazdeaiisuvaziidauazinariiliing
9 o 1w . A o 3 9 9
ANITUNTNFOUAINNINOHAINITAIAA (Rich et al, 1989) aziiiesninsniudealy
A52uIUNITT 1718 9A199919 (hemodilution) 114524314 cardiopulmonary bypass (CPB) 4
1 [ 1 Y Ad o A 9 [ Y v a U 9
WuNNIzUIUMIAINa giheilaativiameiios vldusaueoulaananas dawalians
¥ A a ¥ A o q Y (A& A o a
Wieenuenvaoaaen Usuiaiiluvasaiasnanas i lvdsuandea ludelananis
d' = U 1 %
agulas 9aananesnIIN1INTBIve lnauu
° o A A o ' Aa ' o ~ '
dmsulungquiientszay BMI  winndndnanuanszay BMI vinnai 27
a @ 2 [ 1w o Y a Y =2 @ Y
Alansuauns’ @ananesnsIn1snsedvedlaanad ildinang ladumardeundula
[ " v ' A v o w aa . = Y (Y =< Y A
MenaIMIrAnediiied 1Ay INana (Reis et al., 2008) Fadoandonumsany Tugilren
Yo "o W A A [ a [ 2 1 =K o
lasumsedaialawundileniiszan BMI > 30 ATaniuauas’ 93 dawadaonsn1snsosves
la dawaliti Tomainan1ig ladunaadeunanld 1.4 mvesdileniiszau BMI Und Taedl
MANNFDINUT08AY 95 (Interval 1.1-1.7 p = 0.002) (Yap, Mohajeri, & Yii, 2007) agnu
= v o Jdo o v o Y] ' Y] = Y1 A~
BMI fianuduiusnunmsnundivesniisialanesansdne (p < 0.001) dgilenineglsa
Y
oauluszauguuss BMI 1101350 lansuauas’) msmauvesialaiesandionanis
1 4
JudtazaaeilzanauazsiumMInauvesnaiieii1a (Wong et al, 2004) 11159
a Y1 Y A Y] U a A A F) g’/ =~ @ 4
osu1e landihenszay BMI mnninanieiinnzdiviu sxlimsazanves lviiuluwaa
] 1 ] J 9 dy s Y 49' @ g’/ (4’ = [ g’/
AN UDITNMY 13U Isaandmiieats isaandmiienaly saunuyaditoyasadon Ay
= 1 Y o =\ % Lg d‘ o A 1 a dy o 1 1
Vamalimladudusdvuiieduasagioondunaza15e1vis laeayaa luaiuaien
' ' =< A v W 9 o 9 1 Y =K o o 2 s a
Y943194M8 519M e sUsuar i laviesasdedshnauminuazuiniu aunsenana
Y = A o 1 ' 1 A <] ! Y
msdurallums lvadewaea ldsarutare aawansenunevasaaeauaudn aanaly
A 3 A A A o A = A
vasaeaani lalimaldsunas misvaoadonveslnawoegaavunanisnasunilas
[] [ { g‘; 4 a @ 2
FUNY TR NF U SN UNNNIDTU glomerular basement membrane mﬂmiwmmﬁu
¥ 1 1 ° H
mldihwazaisargrivesnlldendailnveanallinsesn la'ldanas (Shakher &

Barnett, 2004)
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MINUVe9T]a¥ioaa19918 (Left Ventricular Ejection Fraction - LVEF)
Y I v A dy =1 o ) 9 [ 9 I

LVEF aunsalsiluariyssaussauzmsduaivesriilavesangouaziilu
v A o 9 £ aa [ a a @ 9
artilumsnernsal Isald awnsalylumsitdaneuazdanudsziivuangiiladuman Tag

1 Y 1 1 S 3 o 1 @
21A1 LVEF  1da'latatosndt 40 1ledidud nanedadilieatniinnzialedumaivso
1 1 S 3 S @ ] 1 o [
cardiomyopathy @91 LVEF 521114 40-55 11lodidua 1ludiueueonninsiiauuea1uves
walviand dilee1niidsziaveslsamalanFelionswseenmsuaasuesTsnialoua Ty
] Y] 9 1 Y A [ S < J I ] '
aisuenvean1ziiladumad aauludgienil LVEF gan 75 nlesigud tudatiquenin
1128919170172 hypertrophic cardiomyopathy
a0 a 1w I 4 . .. =

LVEF Umnamniny 55-70 1o5iua (American Heart Association, 2010) 9
AWTDAIUIVNIAT LVEF “lﬁ'mﬂqm LVEF= EF = (EDV-ESV/EDV) x 100 (EDV : End
Diastole Volume, ESV: End systole Volume) &1413 aszifiuldan echocardiogram, multiple
gated acquisition (MUGA) scan, computed axial tomography (CAT) scan, cardiac catheterization
ILA¥ nuclear stress test

Y A Yo 1T W 9 A Y] =
msnumussanssuludiheilasumsiidalaslfinsesialavazdoaiion
A A 1 s I3 g T w (= 1 [ a A
wungheddl LVEF 1nnnn 35 wlesiduanourdanas lulidymssninedda Usz@nsam
¥ y 1 U

mMsmauvesnduiieraleszanasiesas 10-15 Tu 4-6 Hr luanmenaemsrida lasazanad

c ! S Y o ' Aa 2 1A
luszaudigan 2 1 TnasnnainmsiidauazIznauaugUnansenvuniuaunielu 24

LT}

4 { vy X

& ' DA A 1 " v Y ' Jld L A Y A o
¥ 109 auiiend LVEF neumsiidatiosnd 35 nlesiduansediheninamiionalaua
A ] T W A I Vo Aa ] v 9 1 T W Y1 1 dy
peATEHINMIHIganI o umsHdanlaNugIenFusoulussnImsHIda Ailenguil
Y Y 1 % o {
IMInuvediilaresarnanasaaasi Tuausnameraansiiga lagnisiviinluns
fudlrzanasdsznadosas 30 veslszansnnlumsiudinoumsridatazazi@enting
luszeza1ne1IWIUNINAN (Roberts et al., 1981)
] Y o o Y] 1
NANMITANHIANUTURUTUDINITNIUV912 19909819918 (Left  Ventricular
L . T w A A ] ' P-4
Ejection Fraction - LVEF) A96A31M13n3509903 lanu@1aenil LVEF fieeni1 40 nlofidua
1 | Y I~ [} { 1 o a . .
nourIAA U@ s NaINITOMIUINITINANTIIZ Acute Renal failure (Landoni et al., 2007)
= ¥ ) = r A Y o Vo o =
FIT0ANADINUMIANYIVOL AATUAULAZANL (2010) WUNHIIBMIITUMIHIAATINIAID B9
A @ d‘d Y ] J < I [ 1 a Y o

nasatdonialanl LVEF tosni 35 wediduditluiladeauasuldnmaiauveslaanas
dawalionsinisnsesvedlnanas nenaimsiidaediitodAynedna (p < 0.0001)
OR = 2.48 ( 95% CI 1.86 - 3.26) @0AAABINUNITANYINHIUL (Davoodi et al., 2008) WU

A

Y ~ Y o % 1 Y 1 S I S 1Y) o a
EQIJ‘]JTJEJVIL“]J"I?TJﬂ"IiW"I@IﬂW’J%]ﬂT LVEF 10807130 1Uosiuauanuaunusnumsinaniig



JuNaINe1ay yH1INgaeNiaa WeLw. (Mswenag lvg)) / 29

[ a

= [ ] A o o a é 9 [ =

laneReuwausdlivediagneadal p < 0.01) Faeandesnumsanilullszine Ine

(353 WNavALazAMY, 2555) WUIINININYeIHa19T09a19 (LVEF) fAunde 54.8
d 3 4 @ v [ [} v o o an

noddud IanudunuineaunuazuuuazunsndoussNlvednyn1Nana (- = -0.43,

[ J 1 $ Y]

p <0.01) LAZIINMIANYIVEI NONAITUAZANY ( Ghotkar et al., 2006) Any1lugirefd5y
T W o d‘ A Y o [ 1 d’d Y 1

msrmaammabssvasamoani 1911 5186 19 ulsemaoInguwuNY LVEF Hoan

0 w aa

J 3 Jd I @ . ' U a a ] o
30 1iosidud Wutaedeslddireusulunodiheingauiuedaiiied1agniead

o

=K A

= a IR o o 9 1 I = [ = 1

(p < 0.001) CINﬁ'liJ'lﬁf]fJ‘ﬁ‘U'lt’Julﬂ’J'lﬂTﬁ“I/IN']’L!Gll’fNTT’Ji%ﬂﬂﬂﬁﬁlﬂu@ﬂﬂﬁ]ﬁ]ﬂﬁu NUADABDNTT
Y a A Aa IR A o 2 g oA =
ADUAUDIAIUNNTAITINGIVBINITHIAAYasAaen 219 FutumnuIvendInNua 1o
~ @ Y dy v A A o o Y A o Y]
Tumsdudivesnauieniale vinian LVEF ‘nmm%z‘nﬂmaaﬂaaﬂmﬂm%llﬂmmu
1 1 1 Y A dy 1 = Y
ANNUDNTNNIIAAAN mwa“lmaa@”lﬂu,am”lmﬂm (Renal blood Flow) TNNYWNTSAUNTT
< . . . o 9 { 9 1 v . @ a
#1613 Ranin Angiotensin II mﬂwwaamﬁaﬂﬁmngiﬂamagaﬁ (afferent arteriole) AN LALINA
@ = o A v ~ ' Y o

mi@@ﬂaumaﬂ%mamazm l,aE]@1ﬂﬁ‘]JlITVIUlﬁaﬂaﬂﬁ'\‘lNﬁiﬂ@ﬁi1ﬂ1§ﬂi®\1ﬂ]@\ﬂﬁaﬂa\1 (Trask

& Ferraio, 2009; Staat et al., 1999; Landoni et al., 2007)

svaznaIMIlinIesrlanazleaien(Cardiopulmonary bypass time)
T ) ~ Y] I~ " W o a af
Tumsidamimadesnaeaaenriilutlunsiidarialeyiiaila (Open heart
4 @ 4 I~
surgery) A28 3 Maseeralauazleaiion (cardiopulmonary bypass H3® CPB) tive 1¥ueaiiiu
A Y] Y o FY a A a Y A A ' J Y <
nasadontiala ldvanuuazud lvusnaninesaninla laslutiineaniy dawalinisigu
1 A (Y} A - A d’} 9 dy @ o Y ~ v
aoviapaaoa lninuraoadoauad la lsuisnaesndiuieialaviiau'lda luvuzi@ernun
Y Y o v U é’, Y A a dal A Y
#09m3 1o eza199v095 19N laliiaen ensersuazeendau 1iae el
I o Y A ° M Y= 9 o A o ~ ' ° Y A
waaa1g asoimiiuazdseeg ldvedoserdansosialoazdeaiion sreimin
o o R & Aax v < v do £ o v
doauaziilvvazrida Fuiluituiasgriunazeonsunulaonaly (iugana anyaygay,
[ I ¥y A o =1 [ ~ (= g [ [
2548) a819lsnanslnTesinlanazloaeudanan luialseasfaostameniondanis

AAAEUAY TABWLI1519N1892109 inflammatory response 31NN1SNADANTENUAIVOITLUL

o Y ao’ A =< 1 o 1 9 Y Y] [} Y
mldihlunaeadoaduooninoglueisizaisg laun ale doa la edvrzluresiosuas

: ]
o

2 Y\ aya , ' o
ioona 1l saunaneliinan1izaniaen (bleeding) 11109910 CPB UHANTZAY fibrinolysis
Z o Yy I A o a = Y a A A (% Y
s iinaadeasasazifamsgadenini uazinannzauaeagadu e (Edmunds,
1998, Wan, LeClerc, & Vincent, 1997)
9

aaiurnszeznalumslfasesiilatazdeoaeuunuazdanans NTzUIUMNT

o I . 3 o J o 1o
ARUAUDINDT 19N UIAIUIU ‘%QL‘IJ‘L!ﬂ”li‘lfl"lx‘i"luiflllﬂLlﬁU’ENﬂ"li@]i’)llﬁi!@\il!llﬂllﬂﬁ]"ll‘W"lz
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91299 LATNTADUTUDILVUVIUNIZINZ I (specific and nonspecific immunity) mliviaea
] 9
1aoAroliN13v818ANA permeability (WU (Durham & Gold, 2008) dawalinan1snszqu
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d‘ Y = =S A 1 [
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= A 1 A 1 = A dy A U Y a Y

Yaamsunuiuni 120 wiinanens lvanewaea lldesn laaswalinaniig laduman

9

MOUNEY (acute renal failure) 819N HHFIAYNIIADA (p < 0.001) LATATANBIVEY V3 10 1Ay
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THE RELATIONSHIP BETWEEN BODY MASS INDEX, LEFT VENTRICULAR EJECTION
FRACTION, CARDIOPULMONARY BYPASS TIME AND GLOMERULAR FILTRATION

RATE IN CORONARY ARTERY BYPASS GRAFT SURGERY PATIENTS.
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WalaliAmae 72.2 (SD + 24.4) m/min/1.73m” HagnuMNNguAI08 NaIUTHYLonT1NINTBY

¥4 lnog U139 60 - 89 m/min/1.73m’ wnfiga (Govas 34.1)
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A Y]
YinoAlaontilo

o

1 @ { [ J v [ ] @ [ Y] o
NUNTNTANUFUNUTNUDATINITNTDIM8 U 24 ¥ TUIHAINITHIAATINIG
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walaazdoaiiey Tasnmsiinuveaiilaeosaedrslianudunusn1auINAUSATING

[l 9 A @ = = [ YA v W
n39ved la druszeznaimslfasewinlanaziloamenianuduius luneaunuoasIng
nseevedlanmelu 24 FrTuandamsmdarmmadesrasadenriale ¢ = 021; p < 0.05,
r=-0.26; p < 0.05) AUA1AY

o v v

Y ] v
UONIINUNUNTIVINLANVTUNUTAVDATINITAT0IN 18U 24-48 2 Tug

A v

[ T @ o ~ A 9 A Y =1 ~
UAINTTAINANTININUIIVIADALADAN Glﬂ]ﬂi’) 53Elzlila”Iﬂ"li‘lslflﬂiﬂﬂWj‘lﬂllagﬂﬂﬂlﬂﬂﬂu

ANUFURNUTN A UAUEATININTBIUBL A (r = -0.25; p < 0.05)
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=
ansama

1 @ ] 1 [ 9 ] a 9 é
nauatedaIulvilumese (Fovag 71.6) MINNIUNAKAN (Fosaz 28.4) &4

9 [ = ~ T Y ~ 9 o " v W a 1 1 3 9
doanaosnumsanuInwuNgihendisunmsmdaia lasuudladiulnapdhumenonazin
Sumsraaimaiissnasamonialawiniiga (Currey & Botti, 2005; Che et al, 2011;

. 4 < i ' o A o a o

Khamsiri, 2011) 919tiaau1a1nmamatumangesasiaseniliinalsaiilalasmmnie
A o = Y A A = o a Y Ay o v 1w
vaoadeanalaay laun msguyns augsr msldszianmanand e lameneunisa
WINAIUNANAN NauAleg1eliongmae 67 U Sooay 80.7 @ unmanseas 3eeaz 37.5 91
msanuszaudszaudny daulvg bildlsenouendn Goevaz 40.9) wuniewvas 47.7 19

[T 1

ansmsinpinndudena wuiifesay 78.4 vesngualtesniisie ldiiesneasa lde
[ =\ A <
ATOUAT AL VAN
FMSUDAIINITNTuDd lanerasmIiiaaiinudeavaoaaonarialanyn
molu 24 FrTusnasmsrdasimaiiosnasadonial nqualedelivasininiesvela
IAY 68.9 ml/min/1.73m" (SD + 24.2) U6ATINI1TNTDIUDI b 119 60 — 89 ml/min/1.73m” W39
19 3 9 Y ] @ 1 o a I 9
a31Msnseeved lnanauanios ($ooaz 43.2) ngua1001931UIU 28 518 Amiluioesaz 31.8
lgas1nsnsevedlaanasihunaisuaznguaiegasiuau 22 510 ($eoay 25) a3
n309v04 1a1nd daudnsininsosved lavasmariaanielusaq 24-48 2 10001013
N399909 lANAY 72.2 ml/min/1.73m’ (SD + 24.4) WUIINGUAIDINBATINITNTOIVDI IA
3 Y 9 Y = 1
anauantios (Fooay 34.1) 5090911 50002 31.8 10ATIN13NT09V09 laanavl1unaie nqu
#198193117U 27 318 (oA 30.7) ©A1N1TNT0Id Ilna uazwu (Geway 3.4) Yoas1As
I o U’ 1]
309904 lnanasnn FedeandoenumsAny1ved gulesuazan (Cooper et al., 2006) WU
9 A Yo 1" o o A A o Aa a o Y A
Athed 1dsumsiaamaiiesmasaidenidladszaninmumshwihiveslalunisnses
= o 9 A A a a oy A I A Aaa
Youasanad M lvoudsnnaInmsdatsved llsauninialuaen asranumaseaiiugs
AUNI 1.2 HadnSu/1aTans uazlions1n15nNIndved laaaaddinial 60 ml/min/l.73m’
Ao 1 ' 1 » Y A A A 1 1 =
wonanidamunluszeznounsmida dilehlinzidealiidedlaanas :19n1e9zlinig
ﬂiz@jjuizﬂﬂ sympathetic 0¥ 3¥UD rennin — angiotensin — aldosterone mldiRansriadIves

] Y 1]
idudean lidesdala Wunaliinanisndeunlaslumsnsedvedueads (Rose & Post,

Yy 9
[

=N [ [ d‘Q 49@‘ 1 [ Y d' 9 d' v
2001) ‘VN'L!STJ%Jﬂ‘]Jﬂi%‘]JTJLlﬂiiﬂﬂtﬁﬂﬂlﬂﬂﬂlu‘luiz‘HTJNﬂ"ISW"I@]ﬂﬂlm%ﬂi%tﬂi@ﬁﬁﬁimmgﬁﬂﬂﬂ
~ & Yo v Yot 4 . . E) . A A
gy cmsnmmz"lmumsﬂsmu“l,mmswm mediator AN YUUTINANDHADALDANDDNIN

Y
Tnawogad (gomerulus)  1HiAan1sHand dewalniSuiadeanaeiaoslnanas
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Mamslasuulalresdni1n1snT oot lneradin1siigaiinaiiesasaaoariale

° ! y A
u'llll]JQﬂ'l'nglﬂﬁﬂcﬁﬂu@ua]gni]in

o o d (Y] o Y
ANNTUNUEIZHIATHNIAME MINNUVBINIaTi0Ia19H 1Y HaZIZaZ1Ia 1IN
Y A U = T o Al d' Y 1" v o
lHnJeerirlanazleanaunednsimsnsesvedlalugiheanlasumsmdanima

d' = %
!ﬂﬂﬂﬂﬂ@ﬂ!ﬁ@ﬂ‘l’i’ﬂ"ﬁ

MINHYeT]a¥ioaa1adng (Left Ventricular Ejection Fraction : LVEF)

@ 4

9 Y
MIANYIATIUWDIN msﬁnmmmm%ﬁ'mawﬁ'w (LVEF) IANUFUNUTAD

A2 o

9n31M3ns0Ued lanainmsmaariimadesasameanalanielu 24 32 Tavedeliisdngy
NWADA (r = 0.21; p < 0.05) geAndeanuMIAnE IuYszma Ineves 3515 Wreawlia uay
' ° o v ' ¥ = o = v o
AME (2555) WUINI5INUVD 2 1909819818 (LVEF) 1na8 54.8 1o iuainuadunus
Y
NNAUAUAZHUUAIZUNT NGO UBE1 N T AYNNEDA (r=-0.43, p < 0.01) VINMITANHIATY
dy 1A 1 @ ] = o o Y 1 9 9 ' J J 9 ]
U Ungualed i Inmsmanuvesialaiesasdetosndn 30 weiwua (Gesas 5.7) 9
9 o = A A A A Y 1 < <3 g [~ @
A0ANAEINUMIANEIDUNWUNHIIeNN LVEF tioani1 40 )osisua neuridaiuilade
@I AINITAIUIINITINANIIL acute renal failure (Landoni et al., 2007) HAZADAAADINY
MIANHIVEY AATUAUUAZAME (Straten et al., 2010) WUNFTIeMATUMIHIAATIMIAUDo
A o A Y ' S <3 I3 [ a Y o
waoamear11anil LVEF tesni 35 leddudithnilaideaaasulinmsrmavvednanaq
Y 9
danal#ons1MIniosund laanas nonainsrAned1eliod1AYNINana (p < 0.0001) Nl
§aapAndpINUMIANYIVEI A1ANAZ AN (Davoodi et al., 2008) WUNHTIBMATUMIHIAR
o ] Y 1 J < &) @ v J o a = @ 1 ~
#319A1 LVEF Woond1 30 lesisualanuduiusnunisnanig lanagneunausdial
Weddyneada (p < 0.01) tHesnnmInmIinuvesialaesalsdis (LVEF) @aq
anyasalumsiiuaeasenainiiilelidiaiuaaguesitanisanas SIUAUATEUIUAS
[ [ [ { o 1 1 < g a a .
MsrIAadINanIz IR 1ALV 1INeRD 319M1elin1sadn Ta uonivl iy (vasoactive
amine) INOADLAUBINDANIZNTZUIUATONAY (inflammation) ¥8313Mev 1FiANuaNITD
Tumssuruvesnaoaaearosiaou 1l (membrane  permeability) tHe3IUAVNITAAIVDY
o A A A A ° Y ¥ & 1 1 1 1
anwauesd luanlurasaideaninnzi@eaneas M ldiiiieen llegluresinesenig

4 2 a {1 < Aa
188 (interstitial space) ¥INVU aztAAIAMINAON AeUDINAIN THWTAFU (vasopressin)
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TUnszquszumsiiu — 1e93 IomMuEu (Rennin - Angiotensin System) 1 1¥Tinsnasuoalaa
% Iy [ = 901 =) 901 A
190 15U (aldosterone) ~ §3Ma 1M sganavved ImAsunazi Usuuamsiilunaoaaen
v Y Y ]
anag eanaui lnanad nen liinealnanad (renal blood flow) uBAINUILBIIINY
9 < a a Aa . . . U Y A A Y
NITAUMINAUTHY — 11037 IDINUFU 1T (Renin Angiotensin 11) aawalviviaoadoaing Ina
1B (afferent arteriole) AR WUNAADOATINITNTOIUDI IAAAAI (Trask & Ferraio, 2009)
= dy U 1 % ] = ] v Y 1 9 d‘
INMIANYIUNLIINQUAI0819UNTTINUYIN 19 0Ia 199101 e 54.7
] 4 v v 1w o o T o o
WofIFua uaznuANNFUNUTAREATINTNTBIved lamelu 24 HrTuanaansHIAAIINIGg
Weaviaeadeniinle (r=0.21) NAMIANYIVEY NoMTwaz A (Topkara et al., 2005) WU
M1NAT LVEF neumskidamnnaszamaliinannzunsadouaiagauun wu a1z'la
AumanReunay (acute renal failure) azmsreladumandeunay (acute respiratory
. 3 Y o & J* a oA = 9 o
failure) 1WUAU AIUUYAAINTNNMTUNNG Iagmmizneruialiamsadrsiniaihse Jway

9 g 9 v ( Y 9 ' " W ' ) o Y 1 9
ammagamummm@ﬂ’w ﬂl@ﬂsljaﬂ’ﬂ‘uﬂﬁNWI@L“D"L!ﬂ1§"1/l1\‘ﬂu611’0\‘11/i’35li]1/i’0\1’cﬂ\1°1ﬂﬂ
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2
o
e

I Y Ay [ 9 A a X @ 1w
Lﬂumum’aﬂmﬂum’;zumﬂ%@uﬂmﬁ]mmmmmmwmmim@@

szaznnmMsIvnIesrlatazdeaiien (Cardiopulmonary bypass time)
= 3’, dy 1 9 A @ = = [ o J
MSANEIATIHNU NS e 1M IHaT o lawaz deafiouiinnuduiuinig

v o Yy Ay Yo "o o P A o g
ﬁ‘llﬂ‘ll@@]ﬁ’]ﬂ’]ﬁﬂﬁ@ﬁm@ﬁulﬁﬂluﬁﬂﬁﬂ‘ﬂ"lﬂﬁﬂﬂ'ﬁW’WIﬂ‘VI’]‘VI’]\u‘Uﬂﬁﬁﬁ@ﬂla@ﬂﬁgiﬂﬂﬁﬂ']ﬂ{li‘lﬁgflg

9 @ a

24 uag 48 1 TINMENAINITHIAAEE NN IAYN DA (r = — 0.26, p < 0.05 ; r = - 0.25,

p <0.05) MUAAY ADANAVINUMIANEIVDL WIadATANL (Salis et al., 2008) WUINTLILIA

]
A o U 1

¥ A Y ~ a4 X A d o A A Aa
ﬂ']ﬁGlflﬂﬂﬁi’)\?ﬁﬁﬂlﬂllﬁgﬂ@ﬂlﬂﬂﬂﬂlWNﬂlunﬂq 30 UIN L‘]JuﬁﬂﬂﬂlﬁﬂQVIﬁ']ﬂﬂ]uﬁﬂﬂ']ﬂﬁﬂ%?@uﬂg

A v o w

Y
G]’E]fﬂ‘il,ﬂﬂﬂTJZL!,‘I/]iﬂclﬁf}ﬂu‘l/]\ﬁ$ﬂﬂﬂ1iﬁ1ﬂcli] 1@L!ﬁ$ﬁhﬂd1’iﬁ\1ﬂ1iNWl@ﬁ'Jﬁl,i]’E]EJNiJu‘(’Jﬁ1ﬂﬂJu

I

P a Y [ T oW o ~ = % Y o 9y 9
NN G]Nﬁ’lll’liﬂ’f]‘ﬁﬂ’lﬂulﬂj'lﬂ'lflﬂa\iﬂ'ﬁW’lﬁ@‘ﬂ’l‘ﬂ’l\uﬂﬂﬂﬁaﬂﬂlaﬂﬂwjﬁlfﬂ@ﬂjﬂﬂ’llﬂuﬁﬂ\iﬁlﬂf

ingedrinlanazdoaneonlusgi19n1sHIAA 1119991ATNIAAILTUNATZULUDIUAT DI
o Y a o da! = g o J o
Tasasan1rsamena ATLUIUMNTABLAUDINDI1INMEVY FUTUNITNINUTINNUVDING

G]’E]TJ’GTH’E]QLL”U“]J%]%ﬁLWW%!ﬁﬂ%ﬁ]\i HAYMTADUAUDUUIUNIZINIE (specific and nonspecific

v

A A

. . [ dy aAa Y v 9 A =) v A
1mmun1ty) ﬂﬁuﬂ’ﬁ]li]f]llﬁﬁl!ﬂﬁﬂﬂﬁfJiJl"lﬂgiNﬂNJllﬁ’J ‘I’Tﬂﬁ)mﬂﬂﬂﬂ@ﬂﬂ%uﬂﬁﬂ]ﬂWﬂﬁ’)Lﬂﬂﬂﬁ

e

o

v 9 v
FUATUVDIA15UT (permeability) (WU (Dyrham & Gold, 2008) Feaama liinan1TnTzdUNS

A

v A = . . s & S A o ya o i
Navgaa iU (histamine) MNaatlo@otazilaaonu 1111H21n3Wa (neutrophil) 8NN

Y
A v A

] 9 9
maagsudandasuiiu ‘H’E]ﬂ%1ﬂuENlIﬂiZU’JuﬂTi%}J’éNﬂuiNﬂWEJﬂWﬂLLf]LlG]‘]J’E)a (Antibody)

< 4 a
Taguun Tawla (macrophage) dgfiunumlunsnasens lalalad (cytokinase) nszdunisnan
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I A a Ja a a Ja a a Ja A o 9
WARDAVIIDUADTAIAU -1, BUABITAIAU -6, DUIMBTAIAY -8 (IL-1, IL-6, IL-8) 411 1ivaea
v Y
idoafiing Inameogad (afferent arteriole) g dmalilSuaudoarao@esla (Renal Blood
Flow : RBF) aaag %m@é’mmnmmmmTﬂamagﬁa (Glomerulus Filtration Rate : GFR)
Jaaziieeniosad
g}/ 9 A @ = = o Y A

wenInUUMSslEasesri lanazdoaneniinszuiunisiilviasnvieas

(hemodilution) HINAINATZUIUMTAINET M I AealiANuriiaTosassIudUuTIAY
Aa . 901 [ 1 1 4 49! = o 9 901
9@ 1UAN (osmotic) aAad A15H100NFFITNTEHNUFAaWINIUIM IR lunasa
v 9
wonanas awnalilSuaudeanesnnminlvanas dawaliiSuandeanasiaesla (Renal
Blood Flow : RBF) aaa4 5@51ﬂ1iﬂﬁaqmaq1ﬂaguagﬁﬁ (Glomerulus Filtration Rate : GFR) o
Aa = I ' . v & 9
inamsilasudinanosunaiad112 (Khalpey, Ganim, & Rawn, 2008) A4UUIZ8£1I1015 1%
d‘ Y = =S A 1 [
inseaidlavaziloaiisndiinanesnsin1snseduedla
Y A Y =1 1 = 1 % 1 ~

s lEasesidlatazdeaen wunnnmsanyInguAIe Nz ez
Thaseaialaazdoaiioudinlngosas 70.5 aglugaa 100 - 200 wriimae 144.4 Wil a9
I A 9 [ 1 ~ 1 o = 9 Y]
Wuszeznariaeuiauuadanademsnlasunilatnednsinisnsesuedla Feaeandeany
M3Any1vea1sASINTE tazAMe (Rodriques et al., 2009) WUNTTEzIAIMNS 1HATo las

= ~ v == 1 =) A dal ~ [ Y a 9y

UpaieunuIuni1 120 wninanens lvanewasa ll@esn laasmaliinanig ladumand

o o a

MEUNSU (acute renal failure) D819 HHFIAYNIADA (p < 0.001) LHATAITANHIVEL U3 1 LA

g

. A Y=R = o AA [ @ T W o
fAe (Brito et al., 2009) Vlulﬂﬁﬂ’]sﬂﬂ\iﬂfﬂi]fJ‘mJWa@]?J?J@i?ﬂﬁﬂiﬂ\ﬁlﬂﬂll@mWﬂﬁﬁﬁﬂﬁWW]@'VITVIN

'
A Y

~ A ) ' 9 = ~ ' A '
Weanasadeniials wunszeznaimslaaisaiilavazdeaeunuiunii 115 uilinane
Y v
M3 Inafewasa lideen leasnalminaning ladumandeundu (acute renal failure) 08193
Wod1AYNIada (p < 0.001)
= g’; dy 1 1 Y 1 = 9 d‘ o =
1INMsANEIATIHNYN nguategeliszeznaimsldnsesialanazdoaiion
d' = 9 = 9 d' o =1 1 dtlﬂ
DAY 144.4 U9 Tasdoay 69.3 Uszeznaims laasoeriilatazdoaenuiunin 115 Wi
1 [ v oo [ & [
WUMHANUFURUTAUONTIATNIV0d kel 24 uazaielu 24 - 48 2 Tuan1eraIns
1 Y 1
Midgamalosasadenniale (r=-0.26; r=-0.25, p <0.05 ML) A9TUNGILIANGLE
o ] A 9 9 v X y A o
waamsrdaanlsinnuianudlanazaszminteszeznaimslaasesialaazlon

= A Y Y A o v o = o v
Ny lW’E)i]le@W»hig’NﬂTﬁLﬂﬁEJ‘L!LL’]JﬁQ“ll’t)\‘if]@]iWﬂWiﬂi’éN"ll’t)\‘ihlﬁﬁEN ﬂTﬁN1GIﬂ°])’\1’E]1i]u1hl‘l]’q

Az ladumanReunduaun (Landoni et al., 2007)
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w U v

o A v dJd Y o Y
Padainunludianuduiusnudnsimsnsesvedlaludiheilasumsniida

o C; = C%
7]11’]13&‘1]8]0??%199]@99]1’131%
= ?zl.l dy 1 v 9 1 =\ v A (= [ o d o
TumsAnyIATIHND 1 Jaea1us1en1e Ao wumama"lmmmmwu‘ﬁ U
[ FA d' Yo 1w o d‘ A v
8n31M3n509v04 la ludihen Idsumsidainmaloiaoadonnile

U

¥HuIaME (Body Mass Index)
= g}/ dy 1 [ 4 U = v W
ﬂ13ﬁﬂ]%l1ﬂ3\1uu13JWUﬂ'J'liJﬁ?J‘W1!‘ﬁ33W'J'NﬂGIfuiJ'Jaﬂ1ﬂﬂﬂﬂﬁ31ﬂ13ﬂﬁﬂ\1ﬂlﬂ\1llﬂclu
PRl A Yo 1T W o ~ A @ g‘; g A U @ ] A v A
ﬂﬂ?ﬂﬂulﬂﬁ‘ﬂﬂ']ﬁW'lﬁﬂﬂ?ﬂ?ﬁlﬂﬂﬂﬁa@ﬂlaﬂﬂﬁﬂiﬂ MNUUBINIINNANAIDYNUATUNIANTY
=~ a @ 2 Y} Ao A ’ | a a @
IRNAY 24.4 ﬂTaﬂ‘ju/Lmﬁ AL IDYAL 56.8 Mﬂ%uuaamﬂagimﬂmmﬂﬂm (18.5 —24.9 ﬂIaﬂﬁll/

U @ ] [

2 é [ J a d‘d =1 9 1 a [
was’) By lunanlnd (WHO, 2008) tagngualed anlaytinianie Hoeni1 20 nlaniu/

2 =~ 9 1 o 1 Ao A 1 a [ 2 A
AT’ INeN30say 11.36 LazngualIeg INNATHLIANIY 1NN 27 Dlansuauas’ e
Y ] 1] o Y o v A 1 o ] I a = [
Sooay 11.36 1wunu Mldanvazasivlranmevesngualediuiluldluianiafeanu
MIANMINWIUYT (Reeves, Ascione, Chamberlain, & Angelini, 2003) WUAYHNIANIEN
) 1 a o ' a a Y . . .
WounI1 20 NlansuaNas wazu1nn11na 27 nlan5u/iuas’ (Reis, Barbiero, & Ribas, 2008) 3

[ Y Al @ [} | Y] o { v g’; ¥ ]
ANMUFUNUTADONTINITNTOIUDL MNMENAINMIHIgAT MU eaviaoaaoariala Natinu
= A 9 1 a o Y o J 9 = I Y
g¥iulranentosniidnailviarseoivisdrisealusranmetessuiluairvaviig

a ~ A gy o 9 Y A @
anuansalumardynzassaniame uaziiodiesniludedlsinseainlanazilen
o Y a 9 Y] [ Y .

MeuLaziHa IMNANIZUNTNFOUAEHAINITHIAA (Rich, Keller, Schechtman, Marshall, &

Kouchoukos, 1989) $2uAUATE1UIUMIN111H180A199919 (hemodilution) 1u5zraldiaTo

Yoauazridlufien cardiopulmonary bypass (CPB) w111 1#1Aan112180A914 hemodilution

'
Ad v A Y

. Y 1 a o ' v & ¥ J . .
anemia 18 lugtheniiastivianerdesninlnd uaziiligmannnuiiiluead fluid retention
=Y ?,’ A 1 1 d' % U v A
Wuaasiluvaeadenanas denanemslasunilaueadnsinsnsedvea la aiuawil
d' 1 a 1 1 Y o =\ % dg! d‘ o A a
yamenunn1Una nu szawalii ladiuaiuniu ied1ae 0 nFIULALT1T1HT
dy L [ 1 1 [ = [ @ Y o Y ' 9 o dy
Tidsaadluaiuaiaguesstanie :19mevalsuarld i laresaradreiiauuinayy
s a Yy = A v 1 1 1 A
wnsznunansaumallums lmadewaea lidiarvilate dawansznuneviasadoauna
< ) Y A 3 A =) a Y] A Y= a
an i ldvasaideaani lalimsdasunilas misvaoadoeaved Inawegaadunanis
H 1 [ { g’/ o a
Wasuulaursuny TagmmIg N aNUNUNILITY (glomerular basement membrane) NANIT
P v , , . '
Wt Mliiezasaegriuesnll lden e ldveunadlunsesnlaldanas
(Shakher & Barnett, 2004) danalions1nsnsesved lananisnlasuuilas uaannsansn
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g - ' ' @ 1T AwoA A ] 4 a v [ J o '
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= = o v Jdou o
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o = [ td‘d 1Y [y d t:' 1Y
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A a - A s D) D) Y o a ¥
UANITY 3282 INMINTUHADAIRDAD00TAT NI 1F81NTEAUNTAUYDIHI 1 U
9 [ T W d’ o = Y (% 9 d‘d o
191 — 00N ILHINMIFIAA toTwaMsANE I NWRUENs s Tuazquadienl Temariann
) 1 9 =S w @ T W o d‘ A )
i llganz ledumarReunduanaenaimsmaaimaiesmasaoniiale
2. Anpnfadefiinlilgn1g cardiogenic shock Tudilhenmssdasimiades
= @
YaoAlaeatiile
= a o a d' [ ] d’ [
3. AnndsuazfamunsnlasunlasueidniN1InIedued lnaoiiinaradan
' o & ™ Vo A o JaAn 1= PR A o ~ = ]
ALY 48 9 Tuanasmsrian ieguaansn liielszasaasg niitedses lstuinerdos
o v Ja 1R J o [ Y
Aumaansn Nz aanaanainiig
= ~ % [ Y ~ Y o
4. nvmlieufiouonsinmiansewedla szeznariuuen Tudiheidisums
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EXTENDED SUMMARY

Background and significance of the problem

Coronary artery bypass graft surgery is aimed at redirecting the blood flow
by new blood vessels. The objective of the surgery is to put in place new blood vessels
to ensure the coronary arteries are not clogged. (Martin & Turkelson, 2006). Coronary
artery bypass graft surgery, is high risk major surgery because it involves major
systems of the body, such as the circulatory system and the respiratory system. Hence,
patients who undergo coronary bypass surgery, can experience complications, with
potencially adverse physical and mental conditions occurring with patients, especially
physical conditions. Acute renal failure is frequently encountered major cause of
postoperative complications, while the incidence of other complications such as
respiratory failure, volume overload, congestive heart failure (Anderson et al., 1999),
wound infection and, cardiac arrhythmia (Villareal et al., 2004) resulted in mortality
rate, time of hospital stay and increased cost (Lanconi et al., 2007).
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The study of Lanconi and colleagues (2007) found decreases in glomerular
filtration rate to result in acute renal failure, complication that can be encountered in
approximately 3-31 percent of coronary artery bypass graft surgeries. As a result,
patients stay in the hospital longer, incur higher resulting from additional treatment
and more complex procedures such as Continuous Renal Replacement Theraphy
(CRRT) and, dialysis at rates of up to 2-15 percent (Doddakula et al., 2007). In
Thailand, the aforementioned has also been found to be the reason for higher mortality
rates with decreases in glomerular filtration rates leading to acute renal failure, which
is a causes of death approximately 61 percent of patients undergoing coronary artery
bypass graft surgery (Kidney Foundation of Thailand, 2010).

Previous studies have found the factors related to the glomerular filtration
rate and the immediate causes of acute renal failure in patients with coronary artery
bypass graft surgery to be numerous and divided into the following three categories: 1)
Relevant factors before surgery, including age, gender, body mass index, level of
physical cardiac function according to the New York Heart Association Functional
Classification, Left ventricular ejection fraction (LVEF), smoking, history of heart
failure, history of chronic obstructive pulmonary disease, pericarditis disease, diabetes,
hypertension, preoperative creatinine levels exceeding 1.4 mg/ml.; 2) factors,
including the time of aorta clamping and cardiopulmonary bypass time and 3)
Postoperative factors such as blood transfusion, duration of postoperative mechanical
ventilation exceeding 24 hours and, use cardiac stimulants (Rodriques et al., 2009;
Landoni et al., 2007).

Concerning the factors studied in the context of patients undergoing
coronary artery bypass surgery in Thailand, researchers are interested in studying the
factors associated with glomerular filtration rate following coronary artery bypass
graft surgery in two phases: 1) preoperative factors by selecting variables, body mass
index and left ventricular function and 2) preoperative factors, including
cardiopulmonary bypass time, which is important to glomerular filtration rate.

Body Mass Index (BMI) is a significant factors potentially leading to
complications following coronary artery bypass graft surgery. A study of the effects of
BMI and the occurrence of complications following coronary artery bypass surgery of

Reeves and colleagues found patients with body mass indices less than 20 kg / m? to
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have higher mortality rates and longer hospital stays with lower glomerular filtration
rate and renal decline than patients with normal body mass indices of up to 4.0, 1.7
and 1.9, respectively. Furthermore, the study of Reis, Barbiero, & Ribas, (2008) study
was conducted in patients who undergoing coronary bypass surgery and found body
mass index greater than 27 kg/m? to have the effect of decreased glomerular filtration
rates, thereby causing acute postoperative renal failure with statistical significance
(Narksawat, Podang, Punyarathabundu & Podhipak, 2007). However, there was no
correlation with preoperative — cardiopulmonary arrest scores within the first 24 hours
after open heart surgery. (Khunsathian, Sindhu, Thosingha, & Slisatkorn, 2012).

Left Ventricular Ejection Fraction (LVEF) is another factor that affects the
glomerular filtration rate in patients who have undergo coronary bypass surgery.
According to the literature on patients undergoing cardiac surgery using
cardiopulmonary bypass, patients with LVEF of less than 40% of preoperative risk
factors have been found capable of predicting the occurrence of acute renal failure.
The aforementioned finding concurs with the study of Straten and colleagues (2010)
who found patients who underwent coronary artery bypass surgery with LVEF less
than 35% to be a factor promoting renal function decline resulting postoperative
decreases glomerular filtration rates with statistical significance (p < 0.0001). The
aforementioned finding also concurred with previous studies (Davoodi et al., 2008)
founding patients who underwent cardiac surgery with LVEF less than 30 % to be
associated with the occurrence of acute renal failure with statistical significance
(p <0.01). In a study in Thailand founding mean LVEF with left ventricular percent at
54.8%, the LVEF was found to be negatively correlated with scoring complications
with statistical significance (r = - 0.43, p < 0.01). And the study of Ghotkar, Grayson,
Fabri, Dihmis, & Pullan (2006) in patients who underwent bypass surgery of the
coronary artery in 5,186 cases in the UK found a LVEF of less than 30 percent to be
one of the risk factors for patients being admitted to critical wards with statistical
significance (p < 0.001).

Cardiopulmonary bypass Time. The study of Brito and colleagues (2009)
investigated the factors affecting the glomerular filtration rate following coronary
artery bypass surgery, finding cardiopulmonary bypass times of longer than 115

minutes to affects blood flow to the brain and kidneys, resulting in acute renal failure
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with statistical significance (p < 0.001) and consistent with the study of Rodrigues and
colleagues (2009) who found cardiopulmonary bypass times longer than 120 minutes
to affect blood flow to the kidneys and result in acute renal failure with statistical
significance (p < 0.001). Furthermore, previous studies (Bahar et al., 2005; Doddakula
et al., 2007) found the time of cardiopulmonary bypass to be associated with the
occurrence of acute renal failure following open heart surgery. The abovementioned
findings differed from the study of Pontes and colleagues (Pontes et al., 2007)
investigating the risk factors affecting the incidence of acute renal failure and found
cardiopulmonary bypass time to not be associated with glomerular filtration rate. As
for studies in Thailand, the mean time of cardiopulmonary bypass has been found to
be approximately 90 minutes (Doangrat Doangnate, 2009; Hengcharoensuwan,
Utriyaprasit, Sindhu, Laksanabunsong, 2010) and the study of Jiraporn Pongsonbat
and colleagues (2012) and cardiopulmonary bypass time has been found to be
positively associated with statistical significance scores on postoperative
complications (r = 0.37, p < 0.01).

Therefore, the researcher is interested in studying the correlations between
body mass index, left ventricular function, cardiopulmonary bypass time with
glomerular filtration rate in coronary artery bypass surgery patients to evaluate factors
such as surveillance to assist patients in preventing acute renal failure following

coronary artery bypass surgery.

Research objectives
To study the correlations between Body Mass Index, Left Ventricular
Ejection Fraction and Cardiopulmonary Bypass Time with Glomerular Filtration Rate

in coronary artery bypass graft patients.

Conceptual framework of the study
The conceptual framework for this research explains the pathophysiology
of the literature and related documents, namely, when patients undergo surgery of the

heart, which is an important organ in the body. Surgical outcome can result in a
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variety of complications, such as cardiac arrhythmia, pulmonary edema, pulmonary
collapse, ventricular dysfunction, wound infections, stroke from a blood clot, and
decline in renal function which results in subsequent physical and pathological
changes in conditions (Dyrham & Gold, 2008), including an imbalance of fluid and
electrolyte status with excess water raising the cost of surgery and care with
continuous renal replacement therapy, prolonged respiration ventilation and longer
hospital stays (Akman et al., 2007; Landoni et al., 2007; Hedley et al., 2010).

Body Mass Index (BMI) is a personal factor affecting with varying impact
on postoperative pathophysiological response in with low made up of protein and
calories insufficiency in the body which least deters the ability to face physical stress
when patients require a heart-lung machine with postoperative complications (Rich,
Keller, Schechtman, Marshall, & Kouchoukos, 1989). The hemodilution during
artificial cardiopulmonary bypass have been found to cause hemodilution anemia in
patients with a lower body mass index than normal and low of protein leading to
decrease in oncotic pressure result in fluid volume in the blood and glomerular
filtration rate decrease. Patients with a higher body mass index than normal or obesity
that had accumulate in fat cell of the body such as skeletal muscle cell, cardiac muscle
cell include endothelial cell will result in increased heart contact to carry oxygen and
nutrients to cells throughout the body. The body then adjusts to left the ventricular and
works hard until there is a failure of blood flow affecting the small arteries. The small
blood vessels in the kidney make the glomerular basement membrane thicken which
results in difficulty for water and nutrients passing through and difficult and changes
in the glomerular filtration rate (Shakher & Barnett, 2004).

Left ventricular function is another factor affecting the response of the
pathophysiology of cardiovascular surgery which is indicative of the compression of
the heart muscle. If the preoperative LVEF is less than 35% and there are no
perioperative, the performance of the heart muscle is reduced from 10 to 15% in four
to six hours following surgery. In patients with preoperative LVEF less than 35%,
patients with myocardial ischemia during surgery have decreased cardiac function
since the first hours after the act of squeezing is reduced by approximately 30% of the
efficiency of compression following surgery (Robert et al., 1981). Therefore, if low

LVEF and the ability to pump blood from the heart in conjunction with surgical
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procedures affect critical systems of the body then secretion (vasoactive amine) in
response to the inflammatory condition cause inflammation of the body's ability for
capillary permeability (membrane permeability) When combined with a decrease in
the osmotic pressure of the blood in the arteries inducing water to leaks out into the
interstitial space and more from the pituitary. Next, the vasopressin stimulates the
rennin - angiotensin system secretes aldosterone and also result in a return of sodium
and water absorption. Fluid volume in the arteries decreases with decreased renal
blood return and decreased renal blood flow. Morever, when the body stimulates the
secretion of Renin Angiotensin Il resulting in afferent arteriole contraction, the
glomerular filtration rate is decreased (Trask & Ferraio., 2009; Staat et al., 1999;
Landoni et al., 2007)

In addition, the use of cardiopulmonary bypass (Heart - lung machine) is a
device used during open heart surgery that affects the body. In other words, the body
reacts to foreign substances entering the body and the response to physical processes
occurs, which is a collaboration of specific and nonspecific immunity. Thus, when
there is a foreign object in the body the permeability of the capillaries increases
(Dyrham & Gold, 2008), there by resulting in stimulated secretion of histamine from
cells and leukocytes with neutrophils to eliminate the contamination. There is also a
process preventing the body from Antibody by macrophage secretion of substances in
which cytokinase stimulates the production of white blood cell IL-1, IL-6, IL-8 from a
blood vessel in afferent arteriole shrinkage result in decreased renal blood flow,
decreased glomerular filtration and decreased urinary output (Khalpey, Ganim, &
Rawn, 2008). As a result, cardiopulmonary bypass time is affects the glomerular
filtration rate, thereby resulting in renal ischemia (Brito et al., 2009; Rodrigues et al.,
2009).

The literature review that body mass index, left ventricular ejection
fraction and cardiopulmonary bypass time to affect the physiological changes of the
body, thereby resulting in reduced glomerular filtration followed by acute renal
failure. Hence, the researcher intends to study the correlation among body mass index,
left ventricular ejection fraction, cardiopulmonary bypass time and glomerular

filtration in coronary bypass surgery patients in order to plan and monitor nursing care
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for patients following coronary artery bypass surgery and to prevent acute renal

failure.

Research methodology

This study was based on a descriptive correlation research design studying
the correlation between Body Mass Index, Left Ventricular Ejection Fraction,
Cardiopulmonary Bypass Time and Glomerular Filtration Rate in coronary artery
bypass graft patients. The sample comprised 88 patients age more than or equal to 18
years and undergoing treatment by coronary artery bypass graft surgery at Siriraj
Hospital and Bhumibol Hospital who were admitted to surgical intensive care unit or
surgical units at a tertiary care hospital in Bangkok. Data were collected from
February 2013 to July 2013.

Population and sample characteristics.

The study population was patients undergone coronary bypass surgery,
aged 18 years, both male and female. The patient was admitted in one ward
Tangtrongchit 1 Tangtrongchit 2, heart center at the 5th, 8th, Siriraj Hospital.
Cardiothoracic Intensive Care Unit, heart and thoracic surgery 6/3 Bhumibol
Adulyadej Hospital. Patients who undergone coronary bypass surgery. To meet the

following requirements

Inclusion criteria
1. Undergone coronary artery bypass surgery for the first time using the
heart-lung machine during surgery

2. Elective Case

Exclusion criteria

1. Repair / change heart valves together.

2. Patients with existing kidney problems who had GFR < 15 ml/ min/
1.73m?
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Instrumentations

The instrumentation for this study comprised a total of six questionnaires

and assessment form consisting of the following:

Part 1: The general personal data record forms was a questionnaire
created by the researcher containing questions about age, gender, marital status,

educational attainment, occupation and economic status.

Part 2: The form for recording data on illness was a questionnaire
created by the researcher containing questions on topics such as diagnosis, co—
morbidities and the severity of the disease in relation cardiac function (New York

Heart Association Functional Classification).

Part 3: The Body Mass Index assessment form was used to assess the
weights and Heights of the patients for calculation from the formula of weight (kg) /
height (m)? implemented in the activation criteria set forth by the World Health
Organization for Asians (Chizuru, 2004) as follow: weight below the threshold is,
body mass index less than 18.5 kg/m? a normal BMI is between 18.5 to 24.9 kg/m?,
overweight BMI ranges from 25.00 to 29.9 kg/m® and obese BMI is more than 30
kg/m?.

Part 4. The Left ventricular ejection fraction form was used for

assessing echocardiography or coronary angiography, or the doctor’s calculator from

the American Society of echocardiography (Smeltzer & Bare, 2000)

EF = (EDV-ESV/EDV) x 100

EDV (End Diastole Volume) is the blood volume in the heart before
compression

ESV (End Systole Volume) is the amount of blood remaining in the heart
after compression

This study assessed from the echocardiography or percutaneouse coronary

angiography recording the profile of patient using the latest model.
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Part 5: The Cardiopulmonary bypass time (CPB time) form was

recorded from the perioperative notes in the chars of patients.

Part 6: The Glomerular Filtration Rate (GFR) form using the formula
of The Modification of diet in renal disease (MDRD). According to the research
finding the assessment is a more accurate and precise diagnosis filtration rate of the
kidney than the formula of the Cockroft - Gault (Chirumamilla, Wilson, Wilding,
Chandrasekhar & Ashraf, 2008). Thus:

Male GFR = 186 x serum creatinine

Female GFR = 186 x serum creatinine ~ >*** x Age ~%?® x 0.742

-1.154 —-0.203

X Age

Data collection methods

The researcher collected data protecting the rights of the human subjects
and only collected data after approval had been granted by the Institutional Review
Board, Faculty of Medicine, Siriraj Hospital and Bhumibol Adulyadej hospital and
received a letter of permission from the agencies involved in the data collection. The
researcher collected data in person by meeting with the sample group one day before
surgery. After researcher contacted the patients and /or patients’ legal representatives
to clarify the purpose and details of the research. The patients and /or patients’ legal
representatives signed informed consent forms. The researcher collected data as
follows:

1. The researcher recorded data on educational, attainment marital status,
occupation and economic status, body weight and height from the profile of the
patients concerning diagnosis, co-morbidities and severity of the disease according to
cardiac function (New York Heart Association Functional Classification) and left
ventricular ejection fraction (LVEF)

2. The researcher recorded Cardiopulmonary bypass time (CPB time) from
the perioperative notes, using the postoperative serum creatinine within 48 hours to
calculate the GFR.
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Data analysis

1. General personal characteristics such as gender, age, weights, heights,
co - morbidities were analyzed in terms of frequency, percentage, mean and standard
deviation.

2. The Body Mass Index (BMI), Left ventricular ejection fraction (LVEF),
Cardiopulmonary bypass time (CPB time) and Glomerular Filtration Rate (GFR) were
analyzed in terms of range, mean and standard deviation.

3. The analysis of the correlation between Body Mass Index (BMI), Left
ventricular ejection fraction (LVEF), Cardiopulmonary bypass time (CPB time) and
Glomerular Filtration Rate (GFR) used Pearson’ s product moment correlation

coefficient with a significance level of 0.05.

Research findings

1. Demographic data - Most of the sample group had mean age of 67
years (S.D. = 9.4), were males (71.6%) who were married (80.7%) with elementary
school educational attainments (37.5%), followed by samples with graduate degrees or
the equivalent (27.3%) while 40.9% of the sample group were employed, 30.7%, were
civil servants with pensions, 47.7% exercised their rights to treatment and 78.4% of

the sample had sufficient income for family expenses with some money left over.

2. Data on illness - Most of the sample group had been diagnosis with
Triple Vessel Disease (55.7%), followed by Triple Vessel Disease with Left Main
(34.1%). The sample group had co-morbidities, namely hypertension with
hyperlipidemia (29.5%), followed by hypertension with hyperlipidemia and diabetes

mellitus. The sample group had severity of the disease according to cardiac function

(New York Heart Association Functional Classification) at class 2 (69.3%).
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Factors studied
Body Mass Index: The mean BMI of the sample group was 24.4 kg/m?
(SD + 4.2) within a range of 18.5 - 24.9 k/m? (56.8%).

Left Ventricular Ejection Fraction: Left Ventricular Ejection fraction
was found to have an average of 54.7 per-cent (SD £ 14.0) within a range of 25 — 80%

and most of the LVEF values were found to range more than 50% (54.5%)

Cardiopulmonary Bypass time: cardiopulmonary bypass time showed an
average of 144.4 minutes (SD * 41.4) within a range of 65 - 240 minutes, while most
of the cardiopulmonary bypass time range within 100 -200 minutes (70.5%).

Glomerular filtration rate within 24 hours after coronary artery bypass
graft surgery had an average of 68.9 ml/min/1.73m? (SD + 24.2). Furthermore, most of
the glomerular filtration rates were found to range within 60 - 89 ml/min/1.73m?
(43.2%).

The glomerular filtration rate within 24 - 48 hours following coronary
artery bypass graft surgery was found to average 72.2 ml/min/1.73m? (SD + 24.4), and
most of the glomerular filtration rates were found to range within 60 - 89
ml/min/1.73m? (34.1%).

Correlation with glomerular filtration rate (GFR) in patients
following coronary artery bypass graft surgery

The factors correlated with glomerular filtration rate within 24 hours after
coronary artery bypass surgery were found to comprise two factors, namely, LVEF
and CPB time. LVEF was found to be positively related to GFR and CPB time was
found to be negatively related to GFR (r =0 .21; p < .05, r = -0.26; p < 0.05),
respectively.

Furthermore, the factor correlated with GFR within 24 - 48 hours after
coronary artery bypass surgery was found to consist of CPB time which was positively
related to GFR (r =-0.25; p < 0.05).
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Discussion of the findings

The sample group had more males (71.6%) than females (28.4%), which
was consistent with a study that found that patients who underwent open-heart surgery
to comprise males for the most part, Hence, undergoing coronary artery bypass
(Currey & Botti, 2005; Che et al., 2011; Khamsiri, 2011) may be due to the male
gender as a risk factors causing heart disease, especially coronary disease, including
smoking, drinking alcohol and more history of myocardial infarction before surgery
than females. The sample group had an average age of 67 years in which 80.7 % were
married, 37.5% had elementary school education attainments while 40.9% of the
sample group was employed and 47.7% exercised their right to treatment while 78.4%
of the sample had sufficient income.

Glomerular filtration rate (GFR) after coronary artery bypass graft surgery
found the samples group to have glomerular filtration rates averaging 68.9
ml/min/1.73m? (SD + 24.2) and ranging with 60 - 89 ml/min/1.73m? within 24 hours
after coronary artery bypass graft surgery (43.2%), while 31.8% had moderately
decreased GFR and 25% had normal GFR. The glomerular filtration rate within 24 -
48 hours after coronary artery bypass graft surgery had an average of 72.2
ml/min/1.73m? (SD + 24.4) and most of the GFR were found to range within 60 - 89
ml/min/1.73m? (34.1%), while 31.8% had moderately decreased GFR, 30.7% had
normal GFR and 3.4% had severely reduced GFR. The aforementioned finding
concurred with the studies of Cooper and colleagues (2006) which found patients who
had undergone coronary bypass graft surgery to have impact on renal function in terms
of efficient filtering of waste reduction with waste generated from the breakdown of
protein in the blood bottleneck, creatinine higher than 1.2 mg/dL and GFR less than 60
ml/min/1.73m?. The abovementioned finding also indicate that preoperative decreased
renal perfusion caused the body to stimulate the sympathetic and rennin - angiotensin -
aldosterone leading to contraction of the blood vessels especially the vessels of the
kidney, resulting in changes in the filtering of waste (Rose & Post, 2001). With the
perioperative inflammatory process while the patient is on the heart-lung machine, the
body will be stimulated to secrete a mediator affecting the blood glomerular vessels
leading to contractions resulting in a decrease in renal blood supply. Changes in GFR

after coronary artery bypass surgery lead to other complications.
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Correlation between Body Mass Index, Left Ventricular Ejection
Fraction (LVEF), Cardiopulmonary Bypass Time and Glomerular

Filtration Rate in coronary artery bypass graft surgery patients.

Left Ventricular Ejection Fraction (LVEF)

This study found LVEF to be correlated with GFR within 24 hours
following coronary artery bypass graft surgery (r = 0.21), a finding that consistent with
studies in Thailand in which Jiraporn Pongsombat and colleagues (2010) found left
ventricular LVEF to be negatively correlated scores of complications with statistical
significance (r = - 0.43, p < 0.01). This study found LVEF less than 30 % (5.7 %) that
also concurred with the study of Davoodi and colleagues (2008) who found patients
who undergoing cardiac surgery with LVEF less than 30% to be associated with the
occurrence of acute renal failure with statistical significance (p < 0.01). If LVEF
lowers the ability to pump blood out of the heart to the different parts of the lower
body in conjunction with surgical procedures affecting critical systems of the body,
the body will secrete substances in a vasoactive amine response to the inflammatory
condition of the body which makes the permeability of the capillary undergo changes
when combined with a decrease in pressure resulting in water leakage into the
interstitial space and triggering the pituitary gland to secrete vasopressin to the
Rennin - Angiotensin System which further stimulates aldosterone resulting in
absorption of sodium and water. Hence, the fluid volume in the arteries decreases as
renal blood return also decrease and eventually leads to decreased renal blood flow.
Moreover, when the body stimulates the secretion of Renin Angiotensin I, the result
is a stroke leaving afferent arteriole contraction with the added effect of decreased
GFR (Trask & Ferraio., 2009).

This study found a mean LVEF of 54.7% to be correlated with GFR within
24 hours after coronary artery bypass graft surgery (r = 0.21), while the study of
Topkara and colleagues (2005) found preoperative LVEF to normally result in
complications such as acute renal failure and acute respiratory failure. Therefore,
healthcare professionals, especially nurses should practice surveillance with data on

the patient to prevent potential postoperative complications.
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Cardiopulmonary bypass time (CPB time)

This study found cardiopulmonary bypass time to be negatively correlated
with the glomerular filtration rate in patients undergoing coronary artery bypass graft
surgery, both within 24 and 24 - 48 hours after surgery (r = - 0.26, p < 0.05; r = - 0.25,
p < 0.05), respectively. The abovementioned finding concurred with the study of Salis
and colleagues (2008) which found each 30- minutes increased in CPB time to be
significant risk factor for mortality complications of the respiratory, renal and brain
systems following cardiac surgery with statistical significance which can be explained
in that coronary artery bypass graft surgery patients require a heart-lung machine
perioperatively when blood is directly exposed to the air with a heart-lung machine in
a process, involving physiological responses which is a collaboration of specific and
nonspecific immunity responses. Thus, when a foreign object enters the body,
permeability increases (Dyrham & Gold, 2008), thereby resulting in a stimulation of
histamine secretion from cells and leukocytes that also prevents the body from Ag
macrophage secretion of cytokinase to stimulate the production of IL-1, IL-6, IL-8
from an afferent arteriole. Moreover, hemodilution can occur with the use of
cardiopulmonary bypass procedures resulting from the process. Blood viscosity with
less osmotic pressure (osmotic) causes fluid to drop into the intercellular space as the
amount of water in the blood decreases. As a result, the amount of blood from the
heart decreases with reduced renal blood flow, decreased GFR and reduced urine out
put. (Khalpey, Ganim, Rawn,. Hessel & Ghansah, 2008). As a result, the heart-lung
machine, affects the glomerular filtration rate. Thus, the sample of the current study
found the mean CPB time of 144.4 minutes, which is quite a long time, to affect the
glomerular filtration rate. This finding is consistent with the study of Rodrigues and
colleagues (2009) who found CPB time exceeding 120 minutes to affect the flow of
blood to the kidneys, thereby resulting in the incidence of acute kidney failure with
statistical significance (p < 0.001). Furthermore, the study of Brito and colleagues
(2009) who investigated the factors affecting the GFR after coronary artery bypass
graft surgery found the median cardiopulmonary bypass time of longer than 115
minutes to affect the blood flow to the brain and kidneys, thereby resulting in acute
renal failure with statistical significance (p < 0.001). In the current study, the average

CPB time of 144 minutes while the samples (69.3 %) who found CPB time exceeding
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115 minutes after coronary artery bypass graft surgery, a relative GFR within 24 hours
and 24-48 hours after coronary artery bypass graft surgery (r =-0.26; r = - 0.25,
p < 0.05), respectively.

Factors not correlated with glomerular filtration rate in coronary

artery bypass graft surgery patients.
In this study, the physical factor were found to not be correlated with
glomerular filtration rate was body mass index in patients undergoing coronary artery

bypass graft surgery.

Body Mass Index (BMI)

This study found no relationship between BMI and glomerular filtration
rate (GFR) in patients undergoing coronary artery bypass graft surgery because the
sample average BMI was 24.4 kg/m? within a normal range of 18.5-24.9 k/m? (56.8%)
(WHO, 2008). This study found the samples BMI less than 20 kg/m? (11.36%) and
more than 27 k/m? (11.36%) is in the same direction. A previous study found BMI less
than 20 kg/m? (Reeves, Ascione, Chamberlain, & Angelini, 2003) and more than 27
k/m? (Reis, Barbiero, & Ribas, 2008) to be correlated with GFR after coronary artery
bypass graft surgery. BMI less than normal with less nutrient reserves in the body was
also found to inhibit the ability to face physical stress when patients require a heart-
lung machine and postoperative complications occur (Rich, Keller, Schechtman,
Marshall, & Kouchoukos, 1989) with the hemodilution while on the artificial heart and
lung machine. Cardiopulmonary bypass (CPB) was found to cause hemodilution
anemia in patients with lower BMI than normal and lead to water retention with fluid
retention in the cell fluid volume in the blood decreasing the effects of the changes in
GFR. Greater body mass index than normal was found to result in increased heart
contraction in carrying oxygen and nutrients to cells throughout the body as the body
adjusts to left ventricular hard work until the failure of blood flow affects the small
arteries. The small blood vessels in the kidney cause the glomerular basement
membrane to thicken, thereby resulting in difficultly with water and nutrient supplies

throughout the body with changes in glomerular filtration rate (Shakher & Barnett,
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2004). However, this study found a mean BMI within the normal range to be unable

find such a correlation.

Conclusion and recommendation

This study found LVEF and CPB time to be correlate with glomerular
filtration rate after coronary artery bypass graft surgery. Therefore, the researcher
recommends the following:

1. Studies should be conducted on the factors associated with changes in
glomerular filtration rate, namely, time of aortic clamp, use of cardiac stimulants and
intake-Output. Plans to study surveillance and patient care have led to the
development of acute renal failure following coronary artery bypass graft surgery.

2. Factors that lead to cardiogenic shock in patients who were underwent
coronary artery bypass graft surgery

3. Research and monitoring changes in glomerular filtration rate
continuously through 48 hours after surgery are required in order to determine
circumstances associated with unwanted results, such as what factors are associated
with adverse outcomes.

4. Studies should be conducted to compare the glomerular filtration rate,
length of the preoperative hospital stay for patients undergoing open heart surgery as
well as the same rates postoperatively within 24 hours and 48 hours after in order to
study approaches to comprehensive planning and maintenance.

5. Additional studies should identify factors capable of predicting the
glomerular filtration rate in patients undergoing coronary artery bypass surgery such

as left ventricular ejection fraction, cardiopulmonary bypass times, etc.
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() INFMAN BR5INTNTOIURI 1A = 186 x szAUATIEATY " x 919 " x 0.742

GFR=................ ml/min/1.73 m’
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NPar Tests
One-Sample Kolmogorov-Smirnov Test
BMI EF CPB GFR24 GFR48

N 88 88 88 88 88
Normal Mean 243911 54.7159| 144.4318] 68.9702| 72.1895
Parameters™  std. Deviation 4.18526| 14.04422| 41.36487| 24.18527| 24.38386
Most Extreme Absolute 115 123 .103 .088 107
Differences  positive 115 123 103 088 107

Negative -.060 -.107 -.060 -.064 -.070
Kolmogorov-Smirnov Z 1.075 1.151 967 .823 1.007
Asymp. Sig. (2-tailed) .198 142 .307 .507 262

a. Test distribution is Normal.

b. Calculated from data.
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ANTUNUTUVVINOTTU (Pearson Product Moment Correlation Coefficient)
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