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ABSTRACT

Background and Objectives : Glucose-insulin-potassium (GIK) fluid infusion may improve the myocardial
energy metabolism in the ischemic condition. A prospective randomized clinical trial was designed to determine
whether a GIK fluid infusion can reduce the ventricular remodeling in acute myocardial infarction. Subjects and
Methods : For the patients with acute myocardial infarction, during thrombolytic therapy with urokinase, GIK
fluid (26% glucose 1000 mL, 50 IU insulin, and 80 mmol KCI) was administered for 24 hours. The ventricular
volumes and function were evaluated by echocardiography during the admission period, at 6 months and at 12
months following discharge. Results : This trial was done prospectively for 2 years in 73 patients; the GIK group
included 41 patients and the control group included 32 patients. The median value of “the pain to door time”
was 195 minutes in the GIK group and it was 120 minutes in the control group (p=NS). The wall motion score
was 1.52+0.39 in the GIK group and it was 1.39+0.35 in the control group. The left ventricular volumes,
ejection fractions, cardiac indices and the globular indices showed no significant difference between the two groups.
The side effects of the GIK fluid were mild phlebitis in 6 patients (14.6%) and congestive heart failure in 5
patients (12.2%). Conclusion : This trial could not verify the beneficial effects of administering GIK fluid on
the ventricular remodeling after acute myocardial infarction. The limitations of this trial were as follows: “the
pain to door time” was too long and the severity of the myocardial infarction was mild. Low rates for the echo-
cardiogrphy follow-up and the randomization failure in a few patients were also noted. (Korean Circulation ]

2005;35:779—-786)
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Table 1. Patient characteristics

GIK(n=41) Control (n=32)
Age (range) 61.2+11.5 60.5+11.1
(34-80) (36-79)

Sex, men (%) 27(65.9) 24 (75.0)
Infarct site

Anterior (%) 21(53.9) 14 (43.7)

Inferior (%) 18(46.2) 18 (56.3)
Peak CK-MB (IU/L) 145.3+97.4 208.3+480.7
Peak CPK (IU/L) 2958 £2688 2416 = 1619
Pain to door time (minutes) 216+ 144 172£153

(Median 195) (Median 120)

Blood pressure (mmHg)

SBP 118 £30 122+25
DBP 72+18 771+14
Heart rate (beat/min) 76+ 19 71+15
Total cholesterol (mg/dL) 17140 187 =44
Triglyceride (mg/dL) 98+78 101 £75
HDL cholesterol (mg/dL) 40=£8 42+10

GIK: glucose-insulin-potassium treatment, CK: creatinine phosph-
okinase, CPK: creatinine phosphokinase, SBP: systolic blood pressure,
DBP: diastolic blood pressure, HDL: high density lipoprotein. All
variables were not statistically significant at p<0.05 by Student t-
test, chi-square test, or Wilcoxon rank sum test

Table 2. Medical history

GIK (n=41)(%) Control (n=32)(%)

Hypertension 18 (43.9) 9 (28.1)
Diabetes 10 (24.4) 5(15.6)
Angina 5(12.2) 3(9.4)
MI history 2(4.9) 2(6.3)
PCI history 2(4.9) 0(0)

CVA history 3(173) 1(3.1)
Hyperlipidemia 4(9.8) 3(94)
CHF history 1(2.4) 0(0)

Smoker 21 (51.2) 21 (65.6)
Family history of CAD 0(0) 1(3.1)

GIK: glucose-insulin-potassium treatment, MI: myocardial infarction,
PCI: percutaneous coronary intervention, CVA: cerebrovascular
accident, CHF: congestive heart failure, CAD: coronary artery dis-
ease. All variables were not statistically significant at p<0.05 by Fisher’s
exact test
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A4 $27] 7)15E HATEE] BT 50.7+11.8%,
)2 55.7+12.3%2 2}o|7} ¢iglal, AuEss g2
2.3040.46 L/m’, )2 2.41+0.60 L/m’2 2}o]Z Ho]
A okok}, #AA AP /de] FelA W] Al Ay
A #E(globular index)®= A&t 0.63+0.07, 2 0.65+
0.100.8 Zolg Holx| FtTHTable 3). F4lA AsfA]4
T 23 130.2+31.8 mg/m”, TR 142.24+42.5 mg/m”
2 zpol7} iolar, A Akl oisk 839 v &% zkzb
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Table 3. M-mode and 2D echocardiographic measurements on the
2nd-5th hospital day of acute myocardial infarction

GIK (n=41) Control (n=32)

Height (cm) 161.7+7.6 163.8+7.1

Weight (kg) 63.9£9.8 64.8+10.8
BSA (m?) 1.67£0.15 1.70+0.16
WMS index 1.52+0.39 1.39%0.35
LVDd (mm) 489+6.4 50.2+£7.7

LVDs (mm) 32.4%£8.1 334=%9.3

IVS th. (mm) 12.7+3.3 13.1+3.6

LVPW th. (mm) 10.6 2.0 11.1£2.8

LV FS (%) 343+£104 342*11.4
LV mass I (g/m?) 130.2£31.8 142.2+42.5
LVEDVI (mL/m? 51.9+18.5 57.0+14.4
LVESVI (mL/m? 2661151 26.21t11.6
LV EF(%) 50.7%+11.8 55.7%t12.3
L (cm) 7.93%0.73 7.98+£0.79
LVDd/L 0.63+0.07 0.65+0.10
LV vol/mass (mL/¢g) 0.41£0.14 0.42+0.13

GIK: glucose-insulin-potassium treatment, BSA! body surface area,
WMS index: wall motion score index, LVDd: left ventricular dimen-
sion at diastole, LVDs: left ventricular dimension at systole, IVS th:
interventricular thickness, LVPW th: left ventricular posterior wall
thickness, LV FS: left ventricular fractional shortening, LVEDVI:
left ventricular end-diastolic volume index, LVESVI: left ventricular
end-systolic volume index, LV EF: left ventricular ejection fraction,
L: length of the left ventricle from base to apex at diastole, LV vol/
mass: left ventricular volume/mass. All variables were not statistically
significant at p<0.05 by Student t-test

Table 4. Doppler echocardiographic measurements on the 2nd-5th
hospital day of acute myocardial infarction

GIK (n=41) Control (n=32)

Mitral valve flow

E (cm/s) 55.1+14.6 597172

DT (msec) 22281599 223.5+60.5

A (cm/s) 75.0%+27.2 67.91t30.4

E/A 0.84+0.30 1.04+0.57

IVRT (msec) 111.6£31.7 108.7+20.8
Pulmonary vein flow

S (ecm/s) 52.3%t15.6 49.1+14.6

D (cm/s) 35.8%£10.3 39.81t13.8

ar (cm/s) 36.4+25.1 30.5+6.8

S/D 1.51£0.43 1.37+0.52
LVOT TVI (cm) 153+3.6 16.9+4.6
LVOT SVI (mL/m?) 32.7£78 36.4110.1
Heart rate (beat/min) 72.7+t15.1 67.8£10.0
Cardiac index (L/m?) 2.30+0.46 2.41£0.60

GIK: glucose-insulin-potassium treatment, DT: deceleration time,
ar: a wave reversal, LVOT: left ventricular outflow tract, TVI: time
velocity integral, SVI: stroke volume index. E: E wave, A: A wave,
S: S wave, D: D wave. All variables were not statistically significant
at p<0.05 by student t-test

T+ 81+4.5Y, F 7.5+3.8URE o= Ho|A] gttt
AYUF T8 YA o]Qlof HEFL AftolA] 22 3k,
ATAAZ] A A Jt 1G0fA] iRt 3TgollA] Ay
sk AlolA 43 BT 698(14.6%) R 178(3.1%),
A= 2 47H(9.8%) IR 37H(9.4%), LA
Q1 P HMAIATRE 2| EHE 57H(12.2%) HZ 27H(6.3%)
oAl HRYEI oLt BAAQ] Apo|E HolR] gt A4

=
&, AAANINZ, QAR S PURTES Fa Y

)

L 7oA 1878(43.9%) R 9Eﬂ(27 3%)§ Ezﬂ
= fFoskA] sk

Table 5. Major clinical events during acute myocardial infarction

GIK (n=41) Control (n=32)
Major clinical events
No 30 29
Yes (%) 11 (26.8) 4 (12.5)
Death 2 1
Resuscitation 5 2
Heart failure 4 1

GIK: glucose-insulin-potassium treatment. All variables were not sta-
tistically significant at p<0.05 by chi-square test or Fisher’s exact test

Table 6. Follow-up M-mode, 2D, and Doppler echocardiographic
measurements on 6 month and 12 month after acute myocardial
infarction

GIK Control
6 month 12 month 6 month 12 month
(n=14) (n=9) (n=14) (n=7)

WMS index 1.17£0.26* 1.23+0.38 1.22£0.27* 1.20£0.29

LV mass [ 128.01+24.5 122.2+23.0142.31+39.2 124.6148.6
(g/m?)

LVEDVI 523%+10.8 50.6*+13.6 60.1+20.0 53.7£20.0
(mL/m?)

LVESVI 231%£95 204101 269*14.1 26.6*164
(mL/m?)

LV EF (%) 5713192 61.3£89 574%X11.0 57.6*14.8

Mitral valve flow
E(m/s) 5911171 609£12.8 669+22.6 58.7+254
DT (msec) 242.1+54.4 253.9+67.6 254.4+82.7 322.1£105.1*
A(cm/s) 71.0£23.5 750%164 71.4%£319 719418

E/A 0.89£0.29 0.83*0.14 1.01£0.28 0.91=£0.29

IVRT 122.2+20.6 101.7£16.0 118.6%+20.1 121.0+=19.4
(msec)

CL(L/m? 249%0.51 2.44=£0.75 2.37£045 2.38%+0.94

GIK: glucose-insulin-potassium treatment, WMS: wall motion score,
LV: left ventricle, I: index, LVEDVI: left ventricular end-diastolic
volume index, LVESVI: left ventricular end-systolic volume index,
EF: ejection fraction, DT: deceleration time, IVRT: isovolumic
relaxation time, CI: cardiac index, E: E wave, A: A wave. *: p<
0.05 compare with baseline in each group by paired t-test
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T 9ong e7hY, 127880 HESTte] &S Bl 5F]
TH(Table 6). HARE A} 4= 671Q0 287 (38%), 1271
o] 16%8(22%)0]%ict. F=4H HE2gTe] A7) HolA &
717kl Ax BAA AP Fes] Hrkshedl vlEstA|
T AR AR RS hotete il AukE vlusielty, fA
S A3 oA 6ol YT AEETE A B2t
1.52-+0.39904] 1.174+0.26°2, RS 1.3940, 359 4]
12240272 Z¥2F Qo5 A4S B9 O (p<0,05) 7t
o] ztolg Ho|z| oxoitt AT 84, ileE
7] 84, AAFEE, AEAS 5 FE7IsoId A
W3] Aol ol ApolE Holx| Lsigit. Egh
717150 AEQ SR 7 =EYo JHoA e 2t
o|F Ho|x] %33l

ol9]

o9l 5 NSE oMt HEY BY

U9 % ol ] ARG oFls okiue, ko8l A
sk oA, LolEdlol= AAle] Abgo] 80% olAko.E

o)A Zke] 7k §iItHTable 7). U¥F e Y2 A

B rie o

Table 7. Medication during admission period
GIK (n=41)(%)

Control (n=32)(%)

Aspirin 41 (100) 31 (96.9)
Beta-blocker 24 (58.5) 18 (56.3)
ACE inhibitor 28 (68.3) 27 (84.4)
Diuretic 10 (24.4) 7(21.9)
Statin 6 (14.6) 8(25.0)
Nitrate 34 (82.9) 29 (90.6)
ARB 1(2.4) 0(0

Calcium blocker 1( 2.4) 1( 3.1)
Anti-arrhythmics 1(24) 2(6.3)
Inotropic agent 7(17.1) 2(6.3)
Others 3(17.3) 0(0)

GIK: glucose-insulin-potassium treatment, ARB: angiotensin rece-
ptor blocker, ACE: angiotensin converting enzyme. all variables were
not statistically signi-ficant at p<0.05 by Fisher’s exact test

Table 8. Coronary angiography and PCI during admission period

GIK (n=41) Control (n=32)
Coronary angiograhy
No 23 (56.1) 13 (40.6)
Yes 18 (43.9) 19 (59.4)
1 vessel disease 6 9
2 vessel disease 8 6
3 vessel disease 2 4
Left main 1 0
Normal vessel 1 0
PCI
Yes 12 14
No 6 5

B 189(43.9%), HIZE 195(59,4%) 02 2po]7} §lglal
P Asle] FEEE Rkl Aolg HolA] sl
Folgaes An 128, tET 4FOR Aot flsich
(Table 8).

GIK-749] o1y it

A Ztol| A GIK—=l T2 QY 24A)7bo] Fojd 4=
oNeFO 9718 1+724.3 mL(ZY4t 2750 mL) 0.2 2T
127446705 mL(Z9gF 1100 mL) Hr} S-oJa}A] 4o =
eFo] WtHp0.01). T3 EF o] Mk x| mtof
Al GIK—=) 2915 6A[7ho]] thxLETt F-ol5HA] ol
EUTHP0.01). U 3 3P U7HA| dFe] Wi} dfelS GIK
2 QYA Bt 6A7te] o] =Tyt 29 Y, 3y el
o= Bhde] t2at2 QYA 3t 1% 38 74
o] Wl 2A ZpoluA] g S Btk 85 2
ERgE GIK-=9 32915 2w dat 39 YollA] it}
OJ5HA] U THP<0.05). YU F 3HU7HA] ZERES] Bz}
e GIK-S YAl vlaliA] 28 Y 39 dell S7Fh=
FAO AT T2t PYUAA 3R] F st Gl

=, QaRl Zehsel 90l AR S Folap

il
SPAZ e HofFItH(Table 9).

A& A GIK-efe] F=Qlo) mh & FA82 A
o] 257 Z 67 14.6%5 o PYAE AT H=
AR P22 )Gl el Fojofl whE HedA Mok
59 12.2%°04 UeRgt. o]l AEY, 1dEETS
30l HERtTHTable 10).

Table 9. Effects of GIK fluid infusion on laboratory findings

GIK (n=41) Control (n=32)
Fluid volume (mL) 2718+ 7241 1274 %671
Blood glucose (mg/dL)
Initial 174.5£73.2 151.0£73.8
6 hour 190.8+112.5" 125.6141.2
2nd HD 144.7£60.2 121.0£27.5
3rd HD 119.5*£35.4 124.3£339
Time effect p<0.0001 7
Time* group p=0.0085 i
Group p=0.0541"
Serum potassium (mEq/L)
Initial 4.0£0.5 39+0.3
6 hour 4.21+0.6 41108
2nd HD 4.2%0.6* 3.9+0.3
3rd HD 4.3£0.4* 41%0.5
Time efffect p=0.0039T
Time* group p=0.7071 i

Group p=0.0289F

PCI: percutaneous coronary intervention, GIK: glucose-insulin-pota-
ssium treatment. All variables were not statistically significant at p<
0.05 by Fisher’s exact test

GIK: glucose-insulin-potassium treatment, HD: hospital day, ANO-
VA: analysis of variance. *: p<0.05, T: p<0.01 versus the control
group by Student t-test, ¥ : by repeated measures ANOVA
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Table 10. Complications of GIK-fluid infusion

GIK (n=41) Control (n=32)
No 25 28
Yes (%) 16 (39.0)* 4 (12.5)
Phlebitis 6 (14.6) 1(3.1)
Hypoglycemia 3(173) 0(0)
Hyperkalemia 3(73) 1(3.1)
Pulmonary congestion 5(12.2)* 0(0)
Others 0(0) 1(3.1)

GIK: glucose-insulin-potassium treatment. *: p<0.05 versus the con-
trol group by Fisher’s exact test
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