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Performance of coronary angiography for exact diagnosis and treatments of cardiovascular disease have been increased
recently and it also brings increase of the contrast-induced nephropathy (CIN) referred from increasing use of radiologi-
cal contrast agents. The variation of estimated glomerular filtration rate (¢eGFR) is an indicator of CIN, which is known
to increase when renal function is decreased. Therefore, this study was to evaluate the affecting factors including con-
comitant drug on variation of eGFR of patients who underwent coronary angiography according to the conditions of
renal function. Medical records of 66 patients were evaluated retrospectively and the patients underwent coronary
angiography or angioplasty with nonionic and isotonic contrast media (iodixanol) at Chungnam national university hos-
pital from 1 Jan 2008 to 30 Jul 2010. Patients group was divided into 2 groups; the patients in stages 3-4 chronic kid-
ney disease (CKD) and the patients in stage 2 CKD. Each group was researched about the effect of concomitant drug
and clinical characteristics on eGFR variation. The change of eGFR was compared among baseline and 2 or 3 day after
coronary angiography. In results, the eGFR variation in group over age 75 was significantly decreased after radiologi-
cal contrast agents exposure (p < 0.05). The eGFR variation in anemia was significantly decreased after radiological
contrast agents exposure in stage 2 CKD (p > 0.05). The eGFR variation in group under HbA . 6.5% was significantly
decreased after radiological contrast agents exposure in stages 3-4 CKD (p <0.05). The eGFR variation by taking
statins, angiotensin converting enzyme inhibitors, calcium channel blockers and nitroglycerin was increased after radio-
logical contrast agents exposure in stage 2 CKD (p <0.05). The eGFR variation by using of diuretics was signifi-
cantly decreased after radiological contrast agents exposure in stages 3-4 CKD (p <0.05). The eGFR variation by
taking statins, nitroglylcerin was increased after radiological contrast agents exposure in stages 3-4 CKD(p > 0.05). The
eGFR variation in group over contrast dosage 150 ml was significantly decreased after radiological contrast agents
exposure in stages 3-4 CKD (p < 0.05). Threrefore, when undergoing coronary angiography, contrast dosage should be
minimized less than 150 ml, and diuretics should be restricted as possible in stages 3-4 CKD. Patients over age 75
require special attention to prevent CIN, and if patients undergo coronary angiography in stages 3-4 CKD, HbA,, is
also requried to maintain below 6.5% to prevent CIN.

[J Key words - estimated glomerular filtration rate(eGFR), coronary angiography, concomitant drugs, contrast-induced
nephropathy
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7hslar WA ZodAle] AM-3lg Al AR FU1Ele o]
2 ol WA ZodAl|ol 93t Al EA(CIN) A = F7)sla
Ak zedAol| o3t AFAE 2GA| kF 24-7247F o]
Well 714 &A =9 o}e]d(SCr) 217} 50%2) 4 Z7FeA)
g3 Fdoleld AHeigke] 0.5 mg/dlo] A F71shd o3 Al
o AlEAe R Ags & gt BE w2 S

A3 ALl 3% =] 2odA] AFA o] HAYsE) A
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7150 AtE A= 12-50%7HA] v EERT B s 3 g)
oD WAL ZedAlel 2] A1 EAL- SCre] S-S Mol
Gt 3E8H7 = SA|EE W2 FAFA G AlFs]of dFr vt
Y7178 FIHA7) A g3} AP ES Folr) = de Y
Zh ozl 2odAl A5Ae] $IFIAEE 3F, A7)S R4,
Sx, gk Wy, oA T o] A, 2> AW
off Aol =] W] =&, A9 Fo] T} d4F,
intra-aortic balloon pump (IABPAHE- 5-0] &F&iA] )} 9012

ZogA AEA WA el AR Qle] WA E A
el g3 5 d3 SREA ] B es 4l
Yito] 5E o AA o] HYAEAFS whol AN 27} 22
31}t 2@ Ak (apoptosis) == HARE Jo1eh Y et
ZG A7} DM =l 2=o] Tamm-Horsfall glycoprotein
2} 24l PF(cast)E FA LY a3 2gA o] o3t
Z22 HGF ARFELe] dojubed olddl: 8 7] &
d=e] zHggtet. 2 F HEAHd Al AFAEHA
(oxidative stress)o|}.'Y oA 7} A o2 AlM| Fel 24
gte] 2AS FEE|E Sho oA FoA|l Feodeo 23|
AT F71R Qe 2AEA mx 2odA|e] AAA A
FEAoR Qs s Hleg B s gl

A R1lS ANAlEte] oA A5 AWsl] 8k o
2 7FA] A77} A g wA, e Qo] A 2o
A AFA Ao A o, Ao g9y WsE
sl oA o} o] A Fo] AFHAH. 2T AT F
¢l N-acetylcystein (NAC)Y2 AFEFA Ax(nitric oxide, NO)2} 2
gated Bt A Hejoln] A3 dRFAEAIL o=
S-nitrosothiols- #AJ3te] NO2| A3ty w35 S7HAA,
NO9| & F7HAIA ZodA A5 o= Qs Aldst 5
5 A FR{E NAATI, ASAEY 2] 9l Al
22 3 8AA AEE T 7IE Ao W=yl
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| Hhell fenoldopam-2 selective dopamine-1 receptor agonist
2 A Aal SHERA R 2034 AFA oAl AT H
$Att. Fenoldopam-> dopamine®| & °]&4 Whg-& el
™, fenoldopams AHE-Fre= Aeld A4z} AdAlse] &
AEEE Uefde] 2odA 4154 dHER} S Ao
| 23F93 21t fenoldopam-> # & s} v1=) HEAYA] 3L NAC
I vl S o A7)F AIE AWEA] E3t Hew KB
=91+ Prostagladin E1 (PGE)S &% & 77} 9le]
ZoGA| A=A APEFATL S AR dAEer, PGE
A 9] misoprostols Z93A] Fof A Foll 5UZF Fof S
i Foleld H4E FHAE AASE Aor HuFglon
2022 g3171 grel gl 71-& ol T}, Theophylline 34| Fof
o ©]3l] F71¢l adenosineel] ¢]3 FIpSell w3l adenosine
antagonist® 2}-8-3le] 35S AqA|si}. o] 2034 4l
=4 A EL S AR AER AT A dF-
A4 &3} 215wk Recombinant human erythropoietin
(EPOYZ Al Ao A A= e IhidA] =702 2149
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AbZQ Fepel ohet AT WS A A B,
Y A7 FEAGANAM A5 Aazr glom A E
A AH(antiapoptosis)ell 27} Qlokr B9 1} 292 Statin
2] cholesterol lowering &7} A3} LDLE 5e]* ROS
(reactive oxygen species)J A< T, FPF B3 Tof
mesangial proliferationg= #7] wiiel AR S &3} 9l
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Table 1. The Stage of Chronic Kidney Disease (KDOQI stage of CKD)

stage eGFR Description Treatment stage
1 90+ Normal kidney function but urine findings or structural Observation, control of blood pressure. More on
abnormalities or genetic trait point to kidney disease management of Stages 1 and 2 CKD.
5 60-89 Mildly reduced kidney function, and other findings Observation, control of blood pressure and risk factors.
(as for stage 1) point to kidney disease More on management of Stages 1 and 2 CKD.
3A 45-59 . . Observation, control of blood pressure and risk factors.
3B 30-44 Moderately reduced kidney function More on management of Stage 3 CKD.
. . Planning for endstage renal failure. More on
4 15-29 Severely reduced kidney function management of Stages 4 and 5 CKD.
<15 Very severe, or endstage kidney failure Treatment choices. More on management of Stages

or on dialysis (sometimes call established renal failure)

4 and 5 CKD.

eGFR unit : ml/min/1.73 m>

dRn), Ze2ElE, 24 HbA,, §F 2444, AP 2
dAe] W, AUEAS, 2N TR, 2o ASEE
R LR RE IS
o) 3™} WS Fol AT Eab} Qlehe Q1T
= 9lwl  statins, angiotensin converting Enzyme inhibitors
(ACE-]), angiotensin II receptor blockers (ARB), calcium
channel blockers (CCBYS tjAto2 Al& Al #5E] B85}
d 2 F, AlE AHE AlE dedr 583 ks =
AbslQiTh. el uleFE2 H T A7} HaL o) EPOSt NACS
2215l o]% NAC F4} 1800 mg/daye] 4 Fof &
A%, AT 2400 mgdayel A ol AL AF olgeros Ab
g3t oz ughoh? ohian] F Las) UF S8y
= Al AT EH A ANRE AF el AMAZ B
kom Al dFE A -9k vl shole AER
Fodzel 3 AR AR E = ERFARIS AR o
ol = FAEIT} & AR o AkH o] ZAbsRH.

15 @It

AdF xodE A A (Day 0)3 FHAF 239 F(Day 2)9
Ser & ZAFSI©l. MDRD equationel] ™2} eGFR =
186xScr 13 x Age "?%%[1.210 if black]x[0.742 if female]Z
Aakslelch. A4 2-39F eGFR (Day 2)3 A|£%4Y eGFR
(Day 0)2] & T-3ke] ®]aL 3 7}skdoh(Figure 1).

Scr/eGFR Scr/eGFR Scr/eGFR
v v 12
D-1 D-0 D+2 D+3 a
Admission  CAG or PCI

Fig. 1. Time Schedule for this Study Performance
Scr : Serum Creatinin

eGFR : estimated Glomerular Filtration Rate

CAG : Coronary Angiography

PCI : Percutaneous Coronary Intervention

SAH 24 Y

SPSS version 182 ¢]&3}3x, RE <& W 3+
FEFEH2H(MeantS.D)E FA| 35T IAEA S 7|2 3 o
SoFEol| w2 eGFRHZEF ¥]I: student's t-tests ©]-8-3}
Aot BAA 242 p-value} 0.057]3k] A2 3t}

;
,

4 1}

CHat siXfel 712 SA
A} A= BE 66O E CKD 3494 & 379,
CKD 25H] -2 299 o| gt} 7] EA1-& Table 29} 2t}

Holse Hst

A 71 EA ol o2 eGFR®] ¥ 3}

CKD 25H4] = «JAdol|A] -2.333 ml/min/1.73 m? eGFRe] 7}
238+ T(p=0.592), 754 ©] Al A eGFR®] -7.755 ml/min/
1.73 m? 248 Th(p = 0.033). CKD 345 ol A= 754 o]
Ayoll A eGFRe] -3.643 ml/min/1.73 m*ZH A8 thp = 0.030). F
oA BMI 25 kg/m?e] Aol Al Btk BMI 25 kg/m?o] 8}l A]
eGFR2] 5717} St oh(Table 3).

F4t A gl oL eGFRS] W3}

CKD 25t 9] 73, w1&dd v eGFRe] 3.750 ml/min/
1.73 m? 7323835k p =0.061). CKD 3-4%H 2] A%, 2
% 9 eGFRe] 0.250 ml/min/1.73 m* 3}423}11 Thp = 0.099)
(Table 3).

F3P A Loof a}E eGFRE] W3}

CKD 2%HAl + w3 6.5%°] Aol eGFRe]
2.143 ml/min/1.73 m* 7113, 6.5% ©]3}el|A] -0.875 ml/min/
1.73 m? Z}A38dchp = 0.593). CKD 3-45H4] 7 2384
6.5%0] Aol Al eGFRe] 0.714 mI/min/1.73 m?> Z}48) 3, 23}
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Table 2. Baseline Characteristics of Patients

stages 3-4 CKD  stage 2 CKD
(n=37) (n=29)
male 16(43) 23(79)
Gender n(%)
female 21(57) 6(21)
Age, years 71.89+8.537 68.38+8.748
>75 14(38) 8(28)
Age n(%)
<75 23(62) 21(72)
Height, cm 156.4618.086 162.8048.858
Weight, kg 57.79+12.242 61.04£10.526
BMI, kg/m’ 23.6443.511 22.8942.873
>25 12(41 6(22
BMI n(%) (4 @2)
<25 17(59) 21(78)
DM[+ 24(65 13(45
Diabetes n(%) I*] () *3)
DM[-] 13(35) 16(55)
HbAlc, % 7.55+2.304 7.25+2.132
<65 21(70) 14(64)
HbAlc n(%)
265 9(30) 8(36)
Hypertension  HTN[+] 31(84) 16(55)
n(%) HTN[-] 6(16) 13(45)
SBP, mmHg 133.24431.09 121.52421.305
DBP, mmHg 77.84£16.182 74.59£15.855
Uric acid, mg/dl 9.02+5.769 6.75£2.335
Hyperuricemia HU[+] 25(69) 14(50)
n(%) HU[-] 1131) 14(50)
Hct, % 34.85+5.269 37.841+4.767
Anemia[+ 27(73 16(55
Anemia n(%) ) ] (73) (55)
Anemia[-] 10(27) 13(45)
EF, % 44.54+15.911 49.65+17.261
eGFR Day0, ml/min/1.73 m®  40.19+11.165 70.41£7.074
eGFR Day?2 42.62£18.695 70.59+£14.143
AeGFR Day2-Day0 2.43+13.432 0.17£12.556
Scr, mg/dl 1.58+0.486 1.00+0.119
BUN, mg/dl 28.30£11.328 19.09+7.821
Albumin, g/dl 3.711£0.463 3.80+0.588
TC, mg/dl 167.97+52.65 157.93444.196

CKD : Chronic Kidney Disease, BMI : Body Mass Index,
SBP : Systolic Blood Pressure, DBP : Diastolc Blood Pressure
HU : Hyperuricemia, Hct : Hematocrit, EF : Ejection Fraction

eGFR : estimated Glomerular Filtration Rate, BUN: Blood Urea

Nitrogen

TC : Total Cholesterol, Plus minus valus are meanststandard deviation

HFA A 6.5 %o]5}o A eGFRe] 10.560 ml/min/1.73 m®> =7}

Fch(p = 0.049) (Figure 2).
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ZAAA o] -2 eGFRS] W3}

CKD 25H ol A AlutEAlS, 57184, ole7lds,
FH2EE, R 7 $A H AREA] o H&o Folt
Zpol= §UR T ko] 71E4A] o w2 eGFRS] 7}t
AT JFE 5 9l Th(Table 3).

CKD 3-45H4] ol M e o34 kA qE AureAl 4,
$57] g9t olghr] ds), &nl, FHAEHE FA]o ulE
A xo] 2o 7} ¢)E B eGFRo] E5F 7} th(Table 3).

¥ g-oFEo) o2 eGFRS] W3}

CKD 2%+71 2] 7%, Statins ¥] ARl A -5.556 ml/min/
1.73 m* 734391 3(p = 0.100), Angiotensin converting enzyme
inhibitor ¥] AF&-F A 4.000 mlmin/1.73 m* 7F48hd ok
(p=0.108). FHHX =] T A= Wsp7E sl e, o] A,
N-acetylcystein AF-8 ollA 7+A~38}91 32, Calcium channel
blocke, Nitroglycerin B] ARS-ollA] 7HAsld o) A=
)42 ¢1sdT}l. Angiotensin receptor blocker AF8-73} H]ARS-
T Bl A F718ksth(p = 0.914) (Table 4).

CKD 3-45HA4|2] 79, o]3A] AR oA -1.000 ml/min/
1.73 m? 7438 BHp = 0.033). 4 % 2] %], N-acetylcystein,
angiotensin converting enzyme inhibitor, angiotensin receptor
blocker, calcium channel blocker, nitroglycerin AF8-3F -3} 31X
A2 7 oA SRkl et oA eldet. Stating BIAL
2ol A] -1.000 mVmin/1.73 m* 71428} (p =0.288), EPO A&
o4 -1.400 mVmin/1.73 m*2] 734~ B SITHTable 4).

ZGA) AHgFol oL eGFRE 2}

CKD 3-45HA| ol A o34 AR-gF 150 mlo| 3lol| A eGFR
o] 8.929 ml/min/1.73 m* Z7FL 150 mlo] Aol A= 1.524 ml/
min/1.73 m? 73 THp = 0.026). 234 HF ALLefo] o W
UE CKD 254 ol A oAl AHE-FF 150 mlo] 3hell A
eGFR®| 0.875 m/min/1.73 m*> ZFA3] I 150 mle] Aol A=
0.571 ml/min/1.73 m* S7}F81ek(p = 0.787)(Figure 3).
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Table 3. Comparison of eGFR variation by Patient Characteristics

stages 3-4 CKD (n=37)

stage 2 CKD (n=29)

p value p value
n A eGFR (meantS.D) n A eGFR mean(+S.D)
male 16 5.125(+3.525) 23 0.826(+2.725)
Gender 0.294 0.592
female 21 0.381(+2.807) -2.333(+4.507)
>75 14 -3.643(+2.972) -7.750(+4.337)
Age years 0.030 0.033
<75 23 6.130(+2.831) 21 3.190(+2.250)
, >25 12 0.667(+2.778) 6 0.167(+3.962)
BMI kg/m 0.566 0915
<25 17 3.706(+3.913) 21 0.810(+2.969)
HTN[+] 31 1.161(+2.276) 16 0.313(3.692)
HTN 0.195 0.948
HTN[-] 6 9.000(+6.758) 13 0.000(+2.706)
DM[+] 24 -0.250(+2.312) 12 3.333(+4.277)
DM 0.099 0.262
DM[-] 13 7.385(+4.424) 17 -2.059(+2.569)
, anemial[+] 27 3.222(+2.695) 16 -3.750(2.487)
Anemia 0.564 0.061
anemial-] 10 0.300(+3.850) 13 5.000(3.906)
>6.5 21 -0.714(x2.617 14 2.143(+3.887
HbA (£2.617) 0.049 (£3.857) 0.593
Yo <6.5 9 10.560(£5.774) 8 -0.875(+2.635)
HU [+ 25 0.120(+2.633 14 3.000(+4.061
HU I*] (£2.633) 0.208 (+4.061) 0.340
mg/dl HU [-] 11 6.273(+4.041) 14 -1.571(+2.376)
<56 25 3.480(+2.863 15 1.667(+2.667
EF (£2.863) 0.501 (£2.667) 0.641
Yo >56 12 0.250(+3.362) 13 -0.615(4.175)
>120 16 2.063(+3.002 10 -0.100(+2.527
SBP ( ) 0.886 ¢ ) 0.934
mmHg <120 21 2.714(+3.210) 19 0.316(+3.350)
>80 8 6.000(+4.736 5 -6.000(3.209
DBP ( ) 0.404 ¢ ) 0.234
mmHg <80 29 1.448(+2.508) 24 1.458(+2.684)
<4 17 4.294(+4.300 18 -1.556(+2.686
Alb (£4.300) 0.536 (£2.656) 0352
g/dl >4 11 0.727(2.285) 11 3.000(+4.332)
>200 10 0.900(+2.571 5 -2.400(+1.208
e (£2.571) 0512 (£1.205) 0.637
mg/dl <200 25 4.200(+2.959) 23 0.652(+2.930)

HTN : Hypertension, DM : Diabetes Mellitus, ALB : Albumin

HU : Hyperuricemia male uric acid > 7.0 mg/dl, female uric acid > 6.5 mg/dl

Anemia : male Hematoctit <39%, female Hematoctit <36%

2143

Stage 3-4 CKD
(p=0.049)

0714

Stage 2 CKD
(p=0593)

_ 0

-2 0 2 4 6 8 10 12

HbA1c26.5% AeGFR2  mHbAlc< 6.5% AeGFR

Fig. 2. Comparison of eGFR variation by HbA, value.
eGFR variation : AeGFR = eGFR(Day2,3) - eGFR(Day0). eGFR
unit : ml/min/1.73m”.
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A7) 2154 184 0] & AL dlane] B % A
7012 7)1 gofof A17)% A3} el Bgol W) Az =
AA|ol) olg FAAFAS oalr] S1e o oje) 7]
A7} Bas gl 2odAl Fel A FRaF SETF &
Aoz deA glow 53] 045%8eIA SRk 09%
WA S Aol B EH o dA ek T
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Table 4. Comparison of AeGFR Variation by Concomitant Drugs

Kor. J. Clin. Pharm., Vol. 22, No. 2, 2012

CKD stage 3-4 (N=37)

CKD stage 2 (N=29)

Concomitant Drug AeGFR p value AeGFR p value
n mean(+S.D) n mean(+S.D)
) Prehydration [+] 30 1.47(£2.59) 24 0.00(x1.97)
Pre-hydration . 0.373 0.875
Prehydration [-] 7 6.57(£3.50) 5 1.00(£10.62)
NAC[+] 16 0.88(+3.30) 5 -3.60(£11.13)
NAC 0.546 0.470
NACI[-] 21 3.62(£3.01) 24 0.96(+1.83)
EPO[+] 5 -1.40(£1.50) ND ND
EPO 0.500 ND
EPOI-] 32 3.03(£2.33) ND ND
ACE-I[+] 14 2.43(+3.99) 16 3.56(£3.37)
ACE-1 0.999 0.108
ACE-1[-] 23 2.44(£2.67) 13 -4.00(2.87)
ARBJ[+] 19 1.74(+2.34) 7 -0.29(14.13)
ARB 0.728 0914
ARB[-] 17 3.35(4.11) 22 0.32(+2.83)
CCBJ[+] 11 1.09(£3.61) 5 2.00(x2.30)
CCB 0.699 0.728
CCBI-] 26 3.00(£2.78) 24 -0.21(£2.79)
) Statins[+] 25 4.08(+2.80) 20 2.75(x2.89)
Statins ) 0.288 0.100
Statins[-] 12 -1.00(£3.47) 9 -5.56(£3.35)
o Diuretics[+] 24 -1.00(£2.33) 17 -1.06(£3.70)
Diuretics o 0.033 0.539
Diuretics[-] 13 8.77(%4.16) 12 1.92(+2.20)
NTG[+] 8 6.63(17.65) 11 4.64(£3.81)
NTG 0.326 0.137
NTGI-] 29 1.28(%1.93) 18 -2.56(12.84)
> 150 ml 21 -1.52(£1.94) 21 0.57(x2.72)
Contrast Dose 0.026 0.787
<150 ml 14 8.93(+4.67) 8 -0.88(14.79)

eGFR unit : ml/min/1.73 m*, ND : No Data

NAC : N-acetylcysteine, EPO : Erythropoietin

ACE-I : Angiotensin-Converting Enzyme Inhibitor
ARB : Angiotensin II Receptor Blocker

CCB : Calcium Channel Blocker, NTG : Nitroglycerin

1524

Stage 3-4 CKD

e _ 2

‘ 0571

Stage 2 CKD
(p=0787) Pios .

-4 -2 0 2 4 6 8 10

contrast dose 2150 ml A eGFR M contrast dose < 150 ml A eGFR

Fig. 3. Comparison of eGFR variation by contrast dosage.
eGFR variation : AeGFR = eGFR(Day2,3) - eGFR(Day0). eGFR
unit : ml/min/1.73 m?
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