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hallenges in the conduct of large simple trials of
mportant generic questions in resource-poor
ettings: The CREATE and ECLA trial program
valuating GIK (glucose, insulin and potassium)
nd low-molecular-weight heparin in acute
yocardial infarction

alim Yusuf, DPhil, FRCPC,a Shamir R. Mehta, MD, MSc, FRCPC, FACC,a Rafael Dı́az, MD,b

rnesto Paolasso, MD,b Prem Pais, MBBS,c Denis Xavier, MBBS,c Changchun Xie, PhD,d

ashid J. Ahmed, BScH,d Khawar Khazmi, MBBS,e Jun Zhu, MD,f and Lisheng Liu, MD,g for the CREATE-ECLA
nvestigators and Steering Committee Hamilton, Canada, Rosario Santa Fe, Argentina, Bangalore, India,
arachi, Pakistan, and Beijing, China

ackground Approximately 15.5 million deaths from cardiovascular diseases occur every year. About half are
ue to acute myocardial infarction (AMI), and 80% occur in low- and middle-income countries. Therefore, low-cost thera-
ies would be invaluable. Although glucose-insulin-potassium (GIK) infusion and low-molecular-weight heparin (LMWH)
ppear to be promising in AMI, the available trials are inconclusive and these treatments require rigorous evaluation.

ethods The Clinical Trial of Reviparin and Metabolic Modulation in Acute Myocardial Infarction Treatment and
valuation-Estudios Clı́nicos Latino America (CREATE-ECLA) study is a randomized controlled trial in ST-elevation AMI pa-
ients evaluating a 24-hour infusion of Glucose-Insulin-Potassium (GIK) intravenous vs usual care (control) on 30-day mor-
ality in 20 000 patients from 21 countries. Patients from India and China (n � 15 000) are also randomized using a
actorial design to receive low-molecular-weight heparin (Reviparin) or placebo injection twice daily for 7 days to assess
he impact on the composite outcomes of death, reinfarction or stroke (first co-primary outcome) or the composite � refrac-
ory ischemia (second co-primary outcome).

esults Twenty thousand two hundred and one (20,201) GIK/control patients and 15,570 Reviparin/placebo pa-
ients have been included, with results expected in November 2004.

onclusions The CREATE-ECLA trial will provide definitive answers to the role of 2 practical, promising and low-
ost therapies, LMWH and GIK, in AMI patients. If effective, these therapies could be used in small medical centers in
ow- and middle- income countries. The experiences in this trial indicate that large trials of important questions can be suc-
essfully conducted in resource-poor settings, by academic groups without industry involvement. (Am Heart J 2004;148:

068–78.)
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See related Editorial on page 924.

Approximately 15.5 million deaths from cardiovascu-
ar diseases (CVD) occur every year.1 Of these, about
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alf are due to acute myocardial infarction (AMI), and
ver 80% of these occur in low- and middle-income
ountries (LIC and MIC), especially in the Indian sub-
ontinent and China. Aspirin, thrombolytic therapy,
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-blockers and angiotensin converting enzyme (ACE)-
nhibitors improve prognosis in AMI,2 and have been
dopted widely. Recent trials suggest that primary per-
utaneous coronary angioplasty (PCI) offers some ben-
fit over thrombolytic therapy,3 but rapid access to
rimary PCI is limited in most parts of the world.
ombinations of newer anti-platelet regimens4 or di-

ect thrombin inhibitors5 have not yielded clear incre-
ental benefit, but cause increased bleeding. Although
eparin is commonly used after AMI, especially in pa-
ients receiving a fibrin-specific thrombolytic agent,
nd some trials of low-molecular-weight heparin
LMWH) appear promising, there is no convincing evi-
ence that these agents reduce mortality in patients
eceiving thrombolytic therapy and aspirin (Tables I,
I, A and II, B).6–8,9–12,13–18 Although LMWH reduces
einfarction, there appears to be no impact on mortal-
ty. Furthermore, there are significant increases in ma-
or bleeds and a trend towards more hemorrhagic
trokes with both agents (Tables II, A and II, B).

Table I. Trials of subcutaneous or intravenous unfractionated hepa
therapy

rial Treatment N

C heparin versus control
ISIS-37 SC Heparin � ASA 2065

ASA alone 2064
GISSI-28 SC Heparin � ASA 1036

ASA alone 1040
V heparin versus SC heparin

GUSTO-16 SK � IV Heparin 1041
SK � SC Heparin 984

C, Subcutaneous, IV, intravenous; ASA, aspirin.

Table II A. Trials of low molecular weight heparin versus placebo

rial Treatment N Setting

RAMI 19979 Dalteparin 338 Started 8 hrs after TT
Placebo 338

lick 199610 Clexane 43 Started 5 days after TT
Placebo 60

IOMACS II 199911 Dalteparin 54 Adjunct to SK
Placebo 47

MI-SK12 Enoxaparin 253 Adjunct to SK
Placebo 243

otal LMWH vs. 688 –
Placebo 688 –

OR (95% CI)* – –

e-MI, Reinfarction; TT, thrombolytic therapy; SK, streptokinase.
The odds ratio (OR) and 95% confidence intervals (CI) are calculated using the Yu
herefore, the net benefit-risk ratio is not clear. Fur- l
her, some of the larger trials were not blinded, so one
annot exclude the potential for biases in the ascer-
ainment of outcomes that involve judgement (eg,
arly reinfarction). The uncertainty about the net bene-
ts and risks of LMWH is reflected in no clear recom-
endation for the use of thrombin inhibitors in AMI,

specially in those receiving a thrombolytic agent that
s not fibrin-specific. Although UFH is widely used af-
er a fibrin-specific thrombolytic agent, this is based on
mproved coronary artery patency in 2 small trials,

hich did not have the power to reliably assess the
mpact on clinical outcomes such as death, reinfarc-
ion, bleeding, or strokes. Therefore, a large definitive
rial of LMWH vs placebo, is urgently needed.
Metabolic modulation in AMI with glucose-insulin-
otassium (GIK) infusions was proposed in the 1960s.
IK suppresses myocardial uptake of free fatty acids,

hereby reducing myocardial oxygen requirements and
mproving ventricular contractility. It also increases
ntramyocellular potassium. These effects may reduce

atients with acute myocardial infarction treated with thrombolytic

Any death, n (%)
Reinfarction,

n (%)
Any stroke,

n (%)

2132 (10.3) 378 (1.9) 261 (1.3)
2189 (10.6) 414 (2.0) 240 (1.2)
968 (9.3) 218 (2.1) 115 (1.1)
983 (9.4) 239 (2.3) 119 (1.1)

763 (7.4) 438 (4.0) 144 (1.4)
712 (7.2) 343 (3.4) 117 (1.2)

ients with acute myocardial infarction

ration Death Re-MI
Major
Bleeds

Hemorrhagic
Stroke

ital period 23 6 11 3
23 8 1 0

5 days 0 2 0 0
1 13 0 0

day 4 8 2 0
6 2 0 0

8 days 17 6 12 0
8 days 17 18 6 1

– 44 (6.4%) 22 (3.2%) 25 (3.6%) 3 (0.44%)
– 47 (6.8%) 41 (6.0%) 7 (1.0%) 1 (0.15%)
– 0.75

(0.36–1.55)
0.54

(0.33–0.91)
3.00

(1.50–6.00)
2.01

(0.40–9.99)

modification of the Mantel-Haenszel method.35
rin in p

6
3
1
7

0
1

in pat
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2
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ife-threatening arrhythmias, and improve ventricular
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unction, which could reduce mortality. A meta-analy-
is of 15 small trials19–34 involving almost 5 000 pa-
ients indicates an 18% relative-risk reduction in mor-
ality (P � .03), but with wide CIs (Table III and
igure 1)35 However, trials which evaluated high doses
f glucose and insulin reported a 30% relative-risk re-
uction (RRR) in mortality (P � .03) compared to a
on-significant 11% RRR with low-dose GIK. Most of
hese trials antedate thrombolytic agents or aspirin,
nd some had incomplete follow-up or lack of informa-
ion on the integrity of randomization. Although en-
ouraging, a large definitive trial of GIK in the context
f modern management of AMI is required. Despite
he low costs of GIK and potential global applicability,
large trial of this question is yet to be done, perhaps
ecause of a lack of commercial interest, and complex
ules which hamper the conduct of large trials of aca-
emically-driven questions with little external funding.
Over the last 6 years, a group of us from several

ountries decided to perform 2 similar trials, the CRE-
TE trial and the ECLA trial (Estudios Clı́nicos Latin
merica Study Group) aimed at reliably evaluating the
ole of high-dose GIK in 20 000 patients. In addition,
n India and China (CREATE), we simultaneously evalu-
ted a LMWH, Reviparin, in about 15 000 subjects.
lthough the 2 trials were designed and initiated sepa-
ately, given the substantial similarity of the GIK com-
onents, an early decision was made to merge and
tandardize the 2 trials to more reliably evaluate GIK.

Table II B. Trials of low molecular weight heparin versus unfractio

rial Treatment N Setting

aird 199813 Enoxaparin 149 Adjunct to TT
UFH 151

ART II 200014 Enoxaparin 200 Adjunct to tPA
UFH 200

ETAMI15 Enoxaparin 604 AMI patients ineligible
for reperfusionUFH 620

NTIRE TIMI
2316

Enoxaparin 324 Adjunct to TNK and
Abx

UFH 159 M
SSENT 317 Enoxaparin 2040 Adjunct to TNK

UFH 2038
SSENT 3 Enoxaparin 818 Prehospital adjunct to

TNKPLUS18 UFH 821
OTAL LMWH

vs
4135 –

UFH 3989 –

OR (95% CI)* – –

e-MI, Reinfarction; NR, not recorded; TT, thrombolytic therapy; tPA, tissue plasmin
The odds ratio (OR) and 95% confidence intervals (CI) are calculated using the Yu
elow, we describe the design of this study, the base- h
ine characteristics, and discuss the challenges faced in
stablishing this trial.

he CREATE trial
The CREATE trial was initiated in 2000 by investiga-

ors from Canada, China, and India without external
unding. It utilized “opportunistic” meetings and inter-
al funds from the Population Health Research Insti-
ute (PHRI) at McMaster University and Hamilton
ealth Sciences. The study design was simple, data
ollection parsimonious and focused on major clinical
utcomes. We emphasized data quality and adherence
o the study regimen. This was facilitated by training
nvestigators, data entry through the internet, central
ata review, central event adjudication of key out-
omes, and judicious on-site monitoring.

bjectives of the trial
For GIK, the primary outcome was a reduction in 30-day
mortality compared to usual care.
For Reviparin compared to placebo there were 2 co-primary
outcomes: The first co-primary outcome was the composite
of death, MI, or stroke at 7 days; the second co-primary
outcome included the above � severe ischemia with ECG
changes at 7 days.

esign and drug administration
The CREATE trial utilizes a partial 2 � 2 factorial

esign comparing Reviparin (a low-molecular-weight

heparin in acute myocardial infarction

ion Death Re-MI
Major
bleeds

Hemorrhagic
stroke

ys 9 22 NR NR
16 30

ys 9 NR 7 2
10 NR 6 2

ays 42 15 9 4
41 18 8 4

days 10 6 17 4

hours 5 13 6 1
days 109 54 62 18
urs 122 86 44 19
days 61 29 33 18
urs 49 48 23 8

240/3971
(5.8%)

126/3935
(3.2%)

128/3986
(3.2%)

46/3986
(1.2%)

243/3989
(6.1%)

195/3789
(5.1%)

87/3838
(2.3%)

34/3838
(0.89%)

0.97
(0.81–1.17)

0.61
(0.48–0.76)

1.38
(1.05–1.81)

1.30
(0.84–2.03)

tivator; Abx, abciximab; TNK, tenecteplase.
modification of the Mantel-Haenszel method.35
nated

Durat

4 da

3 da

2–8 d

Max. 8

in. 36
Max. 7

48 ho
Max 7

48 ho
–

–

–

eparin) to placebo given for 7 days or until discharge
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if discharge is earlier than 7 days [double blind]), and
IK vs control (open) given for 24 hours. All patients

n India and China were randomized to both parts of
he trial (n � 15,570 patients), whereas those from
akistan were only included in the GIK component

Table III. Design of the Randomized trials of GIK vs. control in ac

TUDY Year 2N
Duration of

infusion

ittra19 1965 170 14 days Low dose: O
�52–78 m
dextrose 5
(1.5–2 L/

ilcher20 1967 102 14 days Low dose: O
entecost21 1968 200 48 h Low dose: I.

24 hours;
second 24

.R.C.22 1968 968 14 days Low dose: O
soluble in
then 10%
� 45 mEq

jermann23 1971 204 10 days Low dose: O
potassium
insulin con

eng24 1977 27 6–12 h High dose: I
U/kg solu
0.15 mmo
2.0 mL/kg
hr (4.2 m
2 mL/kg,

tanley25 1978 110 48 h High dose: I
mL/kg/hr

ogers26 1979 134 48 h High dose: I
kg/hr, ver

antle27 1981 85 48 h High dose: I
for 48 hrs
through C
solution th
days)

hitlow28 1982 28 48 h High dose: I
mL/kg/hr
NaCl at 2

alter29 1987 17 48 h High dose: I
1.5 mL/kg

almberg30 1995 620 24 h High dose: I
mL/hr and
daily and
normoglyc

iaz31 1998 407 24 h Low or High
1.0 mL/kg
infused at

eremuzynski32 1999 962 24 h Low dose I.V
(mixed ins
received o
infused at

iaz-Araya33 2002 20 24 h High dose: I
versus con

an der
Horst34

2003 940 8–12 h High dose: I
with infus
adjusted t
total of 20,201 patients). All patients presenting with d
uspected AMI and ST-segment elevation or new left
undle branch block within 12 hours of symptom on-
et, and who were without contraindications to hepa-
in or GIK and who provided written consent or wit-
essed oral consent were randomized (Figure 2 -Study

ocardial infarction, and GIK regimen used

GIK regimen

.V.: Oral: 240 g oral glucose O.D. � 10 U SC soluble insulin B.I.D.
rvescent potassium O.D., or I.V.: 21/170 patients received 10%

10 U soluble insulin � 20 mEq KCl infused at 40–60 drops/minutes
3–4 days, then oral dose upto 14 days, versus usual care control

ng Mittra regimen above, versus oral placebo tablets
dextrose 1500 cc � 30 U soluble insulin � 30 mEq potassium for first
xtrose 1000 cc � 30 U soluble insulin � 20 mEq potassium for
versus usual care control

.V.: Oral: 160 g glucose in water 1500 mL per day � 20 U SC
r day � 52 mEq potassium per day, or I.V.: 40 mL of 50% glucose,
in water 1500 mL per 24 hours � 30 U soluble insulin per 24 hours

er day, versus oral placebo (starch and lactose) control
0 g glucose per day � 16 U long acting insulin per day � 55 mEq
y, versus placebo juice containing sodium cyclamate and placebo SC

glucose (5.5 mmol/kg) infused for 10 minutes at 2.0 mL/kg � 0.4
lin, then 50% glucose (4.2 mmol/kg/hr) � 0.3 U/kg soluble insulin �
l infused at 1.5 mL/kg/hr; or 50% glucose (5.55 mmol/kg) infused at
minutes (4.2 mmol/kg/hr), then 50% glucose infused at 1.5 mL/kg/
hr), versus control of normal saline solution infused for 10 minutes at
1.5 mL/kg/hr (4.2 mmol/kg/hr)
g glucose � 50 U regular insulin � 80 mEq KCl/L infused at 1.5

control solution of half-normal saline
g glucose � 50 U insulin � 80 mEq potassium/L infused at 1.5 mL/

trol solution of half-normal saline at a rate to keep catheter patent
g glucose � 50 U insulin � 80 mEq KCl/L infused at 1.5 mL/kg/hr

.45% NaCl � 5000 U/L heparin at “keep open” rate of 20 mL/hr
A lumen for one day, versus control of same heparinized 0.45% NaCl
oth lumens of catheter at “keep open” rate for whole study period (3

g glucose � 50 U regular insulin � 80 mEqKCL/L infused at 1.5
hrs, then 0.45% NaCl for 2 days at 20 mL/hr, versus control of 0.45%
r for 4 days

g glucose � 50 U regular insulin � 80 mEq potassium/L infused at
sus control of 5% dextrose in water at 1.5 mL/kg/hr
glucose 500 cc � 80 U soluble insulin (no potassium) infused at 30
djusted to blood glucose nomogram, then s.c. soluble insulin 3 times
-long acting insulin once daily for 3 months with dosage for stable
ersus usual care only (insulin if clinically indicated)
.V.: Low dose: 10% glucose � 20 U insulin � 40 mmol KCL infused at
High dose: 25% glucose � 50 U soluble insulin � 80 mmol KCL

/kg/hr versus usual care control
dextrose 1000 mL � 32 U rapid insulin � 20 U Humulin R insulin
only 369/954 patients; due to hypoglycemia, remaining patients
U short-acting Humulin R in infusion) � 6.0 g potassium chlorate
hr, versus control of 0.9% NaCl 1000 mL at 42 mL/h for 24 hrs
glucose � 50 U insulin � 40 mM KCl/L infused at 1.5 mL/kg/hr

normal saline solution at 1.5 mL/kg/hr
glucose in 500 mL water � 80 mmol KCl infused at 3.0 mL/kg/hr,

0 U short-acting insulin in 50 mL 0.9% NaCl with infusion rate
glucose nomogram versus control of no infusion
ute my

ral or I
Eq effe

00 cc �
day) for
ral: usi

V. 10%
10% de
hours,

ral or I
sulin pe
glucose
KCl p

ral: 20
per da
trol

.V.: 50%
ble insu
l/kg KC
for 10

mol/kg/
then at
.V.: 300
, versus
.V.: 300
sus con
.V.: 300
, then 0
V and P
rough b

.V.: 300
for 48
0 mL/h
.V.: 300
/hr ver

.V.: 5%
rate a

medium
emia, v
dose: I
/hr/hr
1.5 mL
.: 10%
ulin for
nly 20
42 mL/

.V.: 30%
trol of

.V.: 20%
ion of 5
esign flow chart). It was recommended that study
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rugs be initiated within 15 minutes of thrombolytic
herapy. The dose of Reviparin or placebo was weight-
ased. Patients � 50 kg received 3436 IU antiXa Ph
ur units* of Reviparin every 12 hours subcutaneously;

Figure 1

verall results of trials of GIK vs control on all-cause in-hospital mo
rom individual trials are combined utilizing a modified Mantel-Hae

Figure 2

CREATE-ECLA partial factorial study design.
dEuropean Pharmacopoeia; measured against Ph Eur LMWH-BRP standard, 1995.
hose between 50–75 kg received 5153 IU antiXa Ph
ur units* every 12 hours; and those � 75 kg received
871 IU antiXa Ph Eur units* every 12 hours. Drugs
nd placebo were provided by Abbott Laboratories. In
atients undergoing primary PTCA, open-label unfrac-
ionated heparin could be used for up to 24 hours,
ith study medication being initiated thereafter, 1
our after removal of the sheath. All other non-study
hrombin inhibitors were not allowed, unless there
as a clinical need, in which case blinded-study medi-

ation was discontinued.
Glucose-insulin-potassium was prepared by adding

5 IU of insulin (regular or human) and 40 mmol of
Cl to a 500 mL bag of 25% glucose, and infused

hrough a dedicated 14-gauge peripheral intravenous
IV) site at a rate of 1.5 mL/kg/h for 24 hours (regi-
en identical to ECLA pilot).31 Patients randomized to

he control group received usual care. Glucose, potas-
ium and sodium levels were checked at baseline, 6
ours, and 24 hours. Adjustments to the rate of infu-
ion of GIK were allowed based on blood glucose and
otassium levels and on the Killip Class status of the
atient. Fluid intake and output for the first 24 hours
as recorded in all subjects.
All other aspects of patient management were at the

6 The trial by Ceremuzynski measured outcomes at 35 days. Data
ethod.35
rtality.3
iscretion of the local treating physician. All centers
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btained local Ethics Committee approval, and in addi-
ion, the Project Office obtained approval from the
nstitutional Review Board of the Hamilton Health Sci-
nces and McMaster University, Hamilton, Canada.

he ECLA study
The ECLA group had independently completed a pi-

ot trial in 1996, with promising results with high-dose
IK.31 Utilizing the high-dose GIK regimen, the main
CLA trial was initiated in mid-1998 in Latin America,
ith later expansion to Kuwait, Europe, the USA, and
ustralasia; this component recruited 3804 patients.
iven the identical nature of the GIK regimen in CRE-
TE and ECLA, and primary outcomes (30-day mortal-

ty) and similarity in data-collection between the 2 tri-
ls, the 2 trials were merged in November 2002 for
valuation of GIK. This ensured that 20 000 patients
ould be randomized by mid-2004. Harmonization of

ey aspects (definitions, data collection, etc.) of the 2
tudies occurred.

tudy organization
The study involves 274 centers in China, 67 in India,
in Pakistan, 46 in Argentina, 22 in Brazil, 1 in Ku-
ait, 16 in Venezuela, 9 in North America, and 14 in

urope. Data from centers in China were sent by mail
o the National Center (NC) in Beijing, from Indian
enters to the NC in Bangalore, from Pakistani centers

o the NC in Karachi, and from all other centers to the
CLA office in Rosario, Argentina. These regional coor-
inating centers entered the data into a web-based Or-
cle database (other than in ECLA) that was connected
nline to the Population Health Research Institute
PHRI) in Hamilton, Canada. Extensive consistency and
dit checks, and central-event adjudication ensured
igh data quality. Data from the ECLA trial were trans-
erred to the PHRI at regular intervals, where addi-
ional data checks were conducted prior to statistical
nalyses and reports.
An independent Data and Safety Monitoring Board

DSMB) was formed by joining the Boards that had
een set up for each of the 2 trials. One member of
he ECLA DSMB (S. Yusuf) stepped down from the
oint Board as soon as the studies were combined and
emained blinded to the subsequent data. At that time,

1000 subjects had been reviewed by the ECLA
SMB. The newly constituted Board periodically re-
iewed the accumulating data on efficacy and safety.
hree formal interim analyses occurred when 25%,
0% and 75% of the data were available. For the first 2

ooks, the boundary for benefit was 4 SDs (�2 of 16; P
.0001) for 30-day mortality (GIK) or the first co-pri-

ary outcome for Reviparin. For the third look, the
oundary was 3.5 (�2 of 12.25; P � .00047) devia-

ions. The boundary had to remain crossed on 2 suc- r
essive examinations of the data about 3 months apart,
o ensure robustness and consistency of results.

ower
Anticipating a 12% rate at 7 days in the placebo

roup for the first co-primary outcome of death, MI, or
troke with 15 000 patients, there would be 93%
ower to detect a 15% relative-risk reduction with Re-
iparin. For the GIK comparison, with a 10% death
ate at 30 days in the control group, with 20 000 sub-
ects, there would be 95% power to detect a RRR of
5%, and 80% power to detect a RRR of 11.7%.

atient Recruitment
Recruitment commenced in August 1998 in South
merica, July 2001 in China, January 2002 in India,
nd October 2003 in Pakistan (Figure 3). By July 9,
004, the overall trial had recruited 20,201 patients,
ith 15,507 into the component evaluating Reviparin.

aseline characteristics
Table IV summarizes key baseline characteristics.
bout two thirds of the patients were randomized in

6 hours of symptom onset. 84.6% of the patients
ere in Killip Class I, with 15.4% having some evi-
ence of heart failure. The baseline glucose level is 9.0
mol/L and potassium is 4.0 mEq/L. Thrombolytic

herapy was used in 74.1%, and primary PCI in 9.1%.
ates of reperfusion therapy were higher in India
94.0%) compared to China (62.1%). Of the patients in
ndia and China, pre-randomization heparin was given
n 9.4% of patients, and non-study heparin after ran-
omization was used in only 9.9% of patients. Revipa-

Figure 3

REATE-ECLA Number of patients recruited per year between Au-
ust 20, 1998 – July 9, 2004.
in or matching placebo was given in 98.7% of individ-
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als and GIK was given in 98.0% of patients
andomized to GIK. Aspirin was used in 97.3%, clopi-
ogrel in 48.6%, �-blockers in 70.0%, ACE inhibitors in
2.4%, lipid-lowering medications in 67.7% (other than

n ECLA, where this information was not collected),
nd calcium channel blockers in 8.8%. Thus, a high
roportion of patients received proven pharmacologic
herapies and there was excellent adherence to the
llocated study treatments.

hallenges faced during the conduct of the trial
This study has been a formidable undertaking and

as been successful in recruiting the overall target of
0 000 patients. The lack of external funding required
hat investigator meetings were generally attached to
ther meetings, although annual regional meetings
ere held in India and China. The centers in ECLA
ere not provided with any compensation and the

enters in CREATE (India, China, and Pakistan) re-
eived modest compensation per patient to cover their

Table IV. Key characteristics of CREATE-ECLA trial patients

aseline characteristic

CREA

India Chin

umber of patients 8060 7510
umber of case report
forms

8060 7510

ge (mean & SD) 55.5 (11.8) 62.7 (1
Males 82.2 70
nset of symptoms to
randomization (%)

�6 Hours 65.1 57
6–12 Hours 34.9 42
Median time (hours) 4.5 5

revious MI (%) 7.0 7
iabetes (%) 22.8 11
ypertension (%) 28.0 40
eight (kg) 64.0 (10.6) 66.5 (1

lood pressure (mmHg) 129.21/
84.1

126
78

eart rate (beats/min) 84.2 77
illip class �1 (%) 14.4 18
ean glucose (mmol/L) 9.1 (4.9) 8.6 (4
edications in hospital (%)
Thrombolytic therapy 91.9 52
Direct PCI 2.5 10
Aspirin 97.9 95
Ticlopidine/clopidogrel 80.2* 27
IV Nitrates 59.4 91
�-Blocker 70.0 61
ACE inhibitor 73.6 71
Lipid lowering 62.3 71
Calcium antagonist 6.1 12

R, Not recorded.
The high rates of use of a thienopyride is due to the availability of a combination
isible costs. Despite this, over the last 2 years of the w
tudy, recruitment rates averaged 7000 patients per
ear. The National Coordinating Centers obtained na-
ional regulatory approvals and licences for drug im-
orts. These processes were extremely bureaucratic
nd slow (9–18 months in each country), and were
hiefly designed to be done by pharmaceutical compa-
ies or independent contract research organizations
CRO) at considerable expense. A quote from a CRO
n India for obtaining approval and monitoring the trial
xceeded the entire cost of running the study in India
note that, in most countries, there is no streamlined
nd efficient mechanism to obtain regulatory approvals
or studies conducted independent of industry). Sev-
ral of the participating centers did not have institu-
ional review boards (IRBs) or ethics committees, so
ational and independent IRBs had to be used. There
ere considerable initial delays in receiving the pack-

ged drugs (Reviparin/placebo) from the company,
hich was in the midst of a takeover, and the study
as not considered to be of sufficiently high priority

ECLA OverallPakistan

827 3804 20,201
827 3798 20,195

55.4 (11.3) 57.9 (12.4) 58.6 (12.4)
80.9 80.9 77.6

53.1 78.1 64.3
46.9 20.9 35.4
5.7 3.7 4.7
7.4 11.3 8.1

23.9 18.6 17.7
48.6 47.0 37.1

68.3 (9.8) 77.4 (14.4) 67.7 (12.8)
127.1/
80.5

134.6/
81.5

129.0
81.5

80.6 78.0 79.0
10.9 12.2 15.4

9.2 (5.3) 9.7 (4.7) 9.0 (4.7)

89.7 75.3 74.1
3.7 22.4 9.1

99.6 98.4 97.3
78.6* 16.0 48.6
60.6 70.2 73.5
91.7 82.1 70.0
85.5 68.2 72.4
88.0 NR NR
3.4 7.8 8.8

aspirin � clopidogrel.
TE

a

1.9)
.7

.6

.1

.2

.9

.2

.6
1.8)
.0/
.9
.5
.1
.3)

.5

.0

.8

.8

.8

.5

.7

.3

.8
ithin the new organization. For most centers, the
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REATE study was the first trial in which they had
articipated, so considerable training (at small study
eetings and by phone) was needed. Despite their

nthusiasm and the relative simplicity of the study,
ome centers initially had problems with accurate
ompletion of forms, complying with certain aspects
f the study protocol, and maintaining careful docu-
ents. Therefore, we instituted a system of on-site
onitoring and training which trained staff at sites in
REATE, and provided support. This improved proto-
ol adherence and data quality considerably. For ran-
omization in India, the study initially used sealed en-
elopes (due to lack of low-cost, reliable and
ccessible telephone lines 24 hours-a-day at all hospi-
als). Despite multiple safeguards, allocation errors oc-
urred in a few patients. Therefore, despite higher
osts, randomization was switched to a 24-hour central
elephone system in Bangalore, India, which substan-
ially reduced the allocation error rate. In China, 24-
our central randomization was used throughout, and
o few errors occurred.
Given that the centers were compensated very mod-

stly, the study was repeatedly threatened by the with-
rawal of centers who wished to participate in “com-
eting” trials, sponsored by pharmaceutical companies
ith higher rates of compensation. This substantially

lowed recruitment into ECLA so that, instead of the
riginal target of 10 000 patients over 3 years, only
000 patients were randomized over 6 years. This was

ess of a problem in India and China, where only a few
enters stopped randomizing by the end of 2003 to
articipate in other trials. Nevertheless, most centers
ad made important contributions to the trial. During
003, the epidemic of Severe Acute Respiratory Syn-
rome (SARS) in China adversely affected recruitment
nd several participating hospitals were closed down,
r stopped admitting AMI patients.
What lessons have we learned from the CREATE-

CLA experience and collaboration? First, if important
eneric questions are incorporated into a very simple
rotocol, sufficient numbers of physicians are still will-

ng and able to collaborate at little or no reimburse-
ent. Second, the “merger” of CREATE and ECLA was
ossible because of long-standing previous collabora-
ion between the investigators from the 2 groups, and
mutual commitment to sharing credit. This led to

nsuring a statistically robust, reliable result regarding
IK, rather than the potential for an inconclusive re-

ult from the ECLA study alone. Third, the bureau-
ratic hurdles for conducting this trial in India and
hina were formidable and took between 9–18
onths to overcome, chiefly through the tenacity, de-

ermination and dedication of the National Coordina-
ors in Beijing and Bangalore. Fourth, even in a very
imple trial, some streamlined and sensible (“helpful

nd supportive” as opposed to “policing”) monitoring
ould help in improving study quality, especially when
enters had not previously participated in trials. Fifth,
uch of the increasing regulatory bureaucracy im-
osed by guidelines such as the “Good Clinical Prac-
ice” guidelines may not enhance the quality of the
tudy or improve patient safety more than careful at-
ention to a few key aspects of study design, conduct
such as proper randomization and complete and unbi-
sed outcome ascertainment), and periodic review of
he data by an independent DSMB. In fact, there is a
anger that these well-intentioned guidelines could
revent the conduct of important low-cost academic
rials of generic (non-pharmaceutical) questions by im-
osing burdensome and expensive processes which
ay be of little scientific, medical, or ethical value.

ixth, peer review and governmental organizations
hould develop mechanisms to support international
rials and epidemiologic studies. Current funding
echanisms do not generally support such studies in
ultiple countries, especially if they are low- or mid-

le-income countries.
In conclusion, the CREATE-ECLA trial will provide

efinitive answers regarding the value of 2 practical
nd promising therapies (LMWH and GIK) in AMI.
hese therapies, if proven to be effective, could be
sed even in small medical centers in low- and middle-

ncome countries. The practical experiences in con-
ucting this trial indicate how large trials of important
uestions can be successfully conducted in resource-
oor settings, by academic groups without industry

nvolvement. However, such studies are uncommon
nd, therefore, a large number of important questions
emain unaddressed. This emphasizes the need to de-
elop funding structures and regulations that will facili-
ate global low-cost trials of important public health
uestions.

eferences
1. Yusuf S, Reddy S, Ounpuu S, et al. Global burden of cardiovascu-

lar diseases: part I: general considerations, the epidemiologic tran-
sition, risk factors, and impact of urbanization. Circulation 2001;
104:2746–53.

2. Yusuf S, Wittes J, Friedman L. Overview of results of randomized
clinical trials in heart disease: I. Treatments following myocardial
infarction. JAMA 1988;260:2088–93.

3. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intrave-
nous thrombolytic therapy for acute myocardial infarction: a quantita-
tive review of 23 randomised trials. Lancet 2003;361:13–20.

4. The GUSTO Investigators. Reperfusion therapy for acute myocar-
dial infarction with fibrinolytic therapy or combination reduced
fibrinolytic therapy and platelet glycoprotein IIb/IIIa inhibition: the
GUSTO V randomised trial. Lancet 2001;357:1905–14.

5. White H, Hirulog and Early Reperfusion or Occlusion (HERO)-2
Trial Investigators. Thrombin-specific anticoagulation with bivaliru-
din versus heparin in patients receiving fibrinolytic therapy for
acute myocardial infarction: the HERO-2 randomised trial. Lancet

2001;358:1855–63.



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

A

American Heart Journal
December 2004

1076 Yusuf et al
6. The GUSTO Investigators. An international randomized trial com-
paring four thrombolytic strategies for acute myocardial infarction.
N Engl J Med 1993;329:673–82.

7. ISIS-3 (Third International Study of Infarct Survival) Collaborative
group. ISIS-3: a randomized comparison of streptokinase vs tissue
plasminogen activator vs anistreplase and of aspirin plus heparin
vs aspirin alone among 41 229 cases of suspected acute myocar-
dial infarction. Lancet 1992;339:754–69.

8. Gruppo Italiano Per Lo Studio Della Sopravvivenza Nell’Infarto
Miocardico. GISSI-2: a factorial randomized trial of alteplase ver-
sus streptokinase and heparin versus no heparin among 12 490
patients with acute myocardial infarction. Lancet 1990;336:65–71.

9. Kontny F, Dale J, Abildgaard U, et al, on behalf of the FRAMI
study group. Randomized trial of low molecular weight heparin
(dalteparin) in prevention of left ventricular thrombus formation
and arterial embolism after acute anterior myocardial infarction:
the Fragmin in Acute Myocardial Infarction (FRAMI) Study. J Am
Coll Cardiol 1997;30:962–9.

0. Glick A, Kornowski R, Michowich Y, et al. Reduction of reinfarc-
tion and angina with use of low-molecular-weight heparin therapy
after streptokinase (and heparin) in acute myocardial infarction.
Am J Cardiol 1996;77:1145–8.

1. Frostfeldt G, Ahlberg G, Gustafsson G, et al. Low-molecular-
weight heparin (dalteparin) as adjuvant treatment to thrombolysis
in acute myocardial infarction—a pilot study: biochemical markers
in acute coronary syndromes (BIOMACS II). J Am Coll Cardiol
1999;33:627–33.

2. Simoons M, Krzeminska-Pakula M, Alonso A, et al. Improved
reperfusion and clinical outcome with enoxaparin as an adjunct to
streptokinase thrombolysis in acute myocardial infarction: The
AMI-SK study. Eur Heart J 2002;23:1282–90.

3. Baird SH, McBride SJ, Trouton TG, et al. Low molecular weight
heparin versus unfractionated heparin following thrombolysis in
myocardial infarction. J Am Coll Cardiol 1998;31:191A.

4. Ross AM, Molhoek P, Lundergan C, et al. Randomized compari-
son of enoxaparin, a low-molecular-weight heparin, with unfrac-
tionated heparin adjunctive to recombinant tissue plasminogen
activator thrombolysis and aspirin: second trial of Heparin and
Aspirin Reperfusion Therapy (HART II). Circulation 2001;104:
648–52.

5. Cohen M, Gensini GF, Maritz F, et al. The safety and efficacy of sub-
cutaneous enoxaparin versus intravenous unfractionated heparin and
tirofiban versus placebo in the treatment of acute ST-segment eleva-
tion myocardial infarction patients ineligible for reperfusion (TETAMI):
a randomized trial. J Am Coll Cardiol 2003;42:1348–56.

6. Antman EM, Louwerenburg HW, Baars HF, et al. Enoxaparin as
adjunctive antithrombin therapy for ST-elevation myocardial in-
farction: results of the ENTIRE-Thrombolysis in Myocardial Infarc-
tion (TIMI) 23 Trial. Circulation 2002;105:1642–9 Erratum in: Cir-
culation 2002 Jun 11;105:2799.

7. The Assessment of the Safety and Efficacy of a New Thrombolytic
Regimen (ASSENT)-3 Investigators. Efficacy and safety of tenec-
teplase in combination with enoxaparin, abciximab, or unfraction-
ated heparin: the ASSENT-3 randomised trial in acute myocardial
infarction. Lancet 2001;358:605–13.

8. Wallentin L, Goldstein P, Armstrong PW, et al. Efficacy and safety
of tenecteplase in combination with the low-molecular-weight hep-
arin enoxaparin or unfractionated heparin in the prehospital set-
ting: the Assessment of the Safety and Efficacy of a New Thrombo-
lytic Regimen (ASSENT)-3 PLUS randomized trial in acute

myocardial infarction. Circulation 2003;108:135–42. I
9. Mittra B. Potassium, glucose, and insulin in treatment of myocar-
dial infarction. Lancet 1965;2:607–9.

0. Pilcher J, Etishamudin M, Exon P, et al. Potassium, glucose and
insulin in myocardial infarction. Lancet 1967;1:1109.

1. Pentecost BL, Mayne NM, Lamb P. Controlled trial of intravenous
glucose, potassium, and insulin in acute myocardial infarction.
Lancet 1968;1:946–8.

2. Medical Research Council Working Party on the Treatment of
Myocardial Infarction. Potassium, glucose, and insulin treatment
for acute myocardial infarction. Lancet 1968;2:1355–60.

3. Hjermann I. A controlled study of peroral glucose, insulin and po-
tassium treatment in myocardial infarction. Acta Med Scand 1971;
190:213–8.

4. Heng MK, Norris RM, Singh BN, et al. Effects of glucose and glu-
cose-insulin-potassium on haemodynamics and enzyme release
after acute myocardial infarction. Br Heart J 1977;39:748–57.

5. Stanley AWH, Prather JW. Glucose-insulin-potassium, patient mortal-
ity and the acute myocardial infarction: results from a prospective
randomized study. Circulation 1978;57(suppl II):II–62 Abstract.

6. Rogers WJ, McDaniel HG, Mantle JA, et al. Prospective random-
ized trial of glucose-insulin-potassium in acute myocardial infarc-
tion: effects of hemodynamics, short and long-term survival. J Am
Coll Cardiol 1983;1:628.

7. Mantle JA, Rogers WJ, Smith R, et al. Clinical effects of glucose-
insulin-potassium on left ventricular function in acute myocardial
infarction: results from a randomized clinical trial. Am Heart J
1981;102:313–24.

8. Whitlow PL, Rogers WJ, Smith LR, et al. Enhancements of left ven-
tricular function by glucose-insulin-potassium infusion in acute
myocardial infarction. Am J Cardiol 1982;49:811–20.

9. Salter LF, Green CE, Kent KM, et al. Metabolic support during cor-
onary reperfusion. Am Heart J 1987;114:54–8.

0. Malmberg K, Ryden L, Efendic S, et al. Randomized trial of insu-
lin-glucose infusion followed by subcutaneous insulin treatment in
diabetic patients with acute myocardial infarction (DIGAMI Study):
effect on mortality at 1 year. J Am Coll Cardiol 1995;26:57–65.

1. Dı́az R, Paolasso EA, Piegas LS, et al. Metabolic modulation of
acute myocardial infarction: the ECLA glucose-insulin-potassium
pilot trial. Circulation 1998;98:2227–34.

2. Ceremuzynski L, Budaj A, Czepiel A, et al. Low-dose glucose-insu-
lin-potassium is ineffective in acute myocardial infarction: results of
a randomized multicenter pol-GIK trial. Cardiovascular Drugs and
Therapy 1999;13:191–200.

3. Diaz-Araya G, Nettle D, Castro P, et al. Oxidative stress after
reperfusion with primary coronary angioplasty: lack of effect of
glucose-insulin-potassium infusion. Crit Care Med 2002;30:417–
21.

4. van der Horst IC, Zijlstra F, van’t Hof AW, et al. Glucose-insulin-
potassium infusion in patients treated with primary angioplasty for
acute myocardial infarction: the glucose-insulin-potassium study: a
randomized trial. J Am Coll Cardiol 2003;42:784–91.

5. Yusuf S, Peto R, Lewis J, et al. Beta blockade during and after
myocardial infarction: an overview of the randomized trials. Prog
Cardiovasc Dis 1985;XXVII:335–71.

6. Mehta SR. The CREATE Study : rationale, design and methods.
July 2002. MS Thesis, McMaster University, Hamilton, Canada.

ppendix
The following persons participated in the CREATE-ECLA
nternational GIK Study: International Steering Commit-



t
M
D
P
t
(
t
t
C
S
H
M
S
m
Q
M
W
H
Z
A
B
o
W
r
P
a
(
M
d
a
H
F
C
K
d
w
L
Y
C
S
S
S
W
o
s
C
s
H
S
A
N
A
M
d
R
H
C
z
M
Q
R

M
S
F
M
C
t
z
S
R
A
A
C
L
B
L
Y
C
Z
L
Z
F
S
H
Y
J
H
i
J
L
Z
Y
Z
f
X
l
Z
Q
d
S
J
a
n
W
Z
L
t
W
Z
L
S
K
S
A
A
s
C
K
P
B
B

American Heart Journal
Volume 148, Number 6

Yusuf et al 1077
ee: S. Yusuf (Principal Investigator and Chairman), S.R.
ehta (Co-Principal Investigator and Project Director), R.
iaz (Joint Principal Investigator—ECLA), E. Paolasso (Joint
rincipal Investigator—ECLA), P. Pais (Principal Investiga-
or—India), S. Reddy (Co-Principal Investigator India), L. Liu
Principal Investigator—China), K. Kazmi (Principal Investiga-
or—Pakistan), R.J. Ahmed, L. Cronin (Global Study Coordina-
ors), D. Xavier (Coordinator—India), J. Zhu (Coordinator—
hina), J. Tai (Coordinator—Pakistan), C. Xie (Project
tatistician); Indian Steering Committee: R. Gupta, K.K.
aridas, T.M. Jaison, P.P. Joshi, P.G. Kerkar, A.K. Maity, S.C.
anchanda, S. Naik, P. Pais, D. Prabhakaran, S. Reddy, B.

ingh, S. Thanikachalam, D. Xavier; Chinese Steering Com-
ittee: X.J. Bai, T. Chen, J.J. Cui, T.X. Cui, S.Y. Fu, H. Ge,
.L. Li, S.M. Li, W. Li, Y.Q. Li, L. Liu, Y.H. Liu, Z.R. Lu, S.P.
a, D. Qiao, Y.C. Song, N.L. Sun, L.H. Wang, S.W. Wang, W.
ang, N. Wu, Y.S. Wu, C.B. Xu, S.C. Xu, Z.M. Xu, G.J. Yang,
.S. Yang, C.Z. Zhang, S.T. Zhang, W.J. Zhang, J.C. Zhou, J.
hu; ECLA-GIK 2 Steering Committee: W. Almahmeed, A.
vezum, P. Castro, R. Corbalán, R. Dı́az, R. Pitarch Flors,
.M. Lombana, L. Marano, D. Mcguire, A. Orlandini, E. Pa-
lasso, J. E. Isea Perez, L.Soares Piegas, F. Van De Werf, H.
hite, M. Zubaid; Pakistani Steering Committee: A.M. Fa-

uqi, K. Kazmi, I. Rasool, K. Soomro, J. Tai, H. ul Banna;
opulation Health Research Institute, Hamilton, Can-
da: S. Yusuf, S.R. Mehta, R.J. Ahmed, L. Cronin, S. Pavlov
Database Programmer), C. Xie, J. Pogue, F. Zhao, I. Tsuluca,
. Molec, I. Holadyk-Gris, K. Ahmed; India National Coor-
inating Office (NCO), Institute of Population Health
nd Clinical Research, St. John’s National Academy of
ealth Sciences, Bangalore, India: P. Pais, D. Xavier, D.

reeda, S. Lidwin; Indian Adjudication Committee: M.
henniappan, B. Isaac, S.S. Iyengar, T.M. Jaison, P. Joshi, S.P.
alantri, S.K. Kaushik, P.G. Kerkar, U.K. Mahorkar, J. Naren-
ra, S.K. Paul, M.J. Santhosh, B.K.S. Sastry, B. Singh, S.B. Si-
ach, K. Varghese; China NCO, Beijing Hypertensive
eague Institute, Beijing, China: L. Liu, J. Zhu, H. Yang, Y.
ang, X. Zhang, H. Tan, J. Tang, X. Li, L. Yan, Y. Zhang, J. Li;
hinese Adjudication Committee: M.Y. Bai, Y.Q. Jiang,
.Y. Lang, X.Y. Shi, Y.C. Song, Z.R. Tian, K. Wang, D.H. Yan,
.Y. Yu; Estudios Clı́nicos Latino América, Rosario,
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