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OBJECTIVEdElevated glucose levels are common after an acute myocardial infarction (AMI)
and increase the risk of death. Prior trials of glucose control after AMI have been inconsistent in
their ability to lower glucose levels and have reportedmixed effects onmortality.We developed a
paper-based glucose-lowering algorithm and assessed its feasibility and safety in the setting of AMI.

RESEARCH DESIGN AND METHODSdA total of 287 participants with an acute ST
segment elevation myocardial infarction (STEMI) and a capillary glucose level $8.0 mmol/L
were randomly allocated to glucose management with intravenous glulisine insulin using this
algorithm in the coronary care unit (CCU), followed by once-daily subcutaneous insulin glargine
for 30 days versus standard glycemic approaches. The primary outcome was a difference in mean
glucose levels at 24 h. Participants were followed for clinical outcomes through 90 days.

RESULTSdAt 24 h, the mean glucose level was 1.41 mmol/L (95%CI 0.69–2.13) lower in the
insulin (6.53 vs. 7.94mmol/L). Differences in glucose levels weremaintained at 72 h and 30 days.
A total of 22.7% of the insulin group versus 4.4% of the standard group had biochemical
hypoglycemia (with neither signs nor symptoms) in the CCU because of lower glycemic goals.
However, there were no differences in symptomatic hypoglycemia or clinical outcomes between
the groups.

CONCLUSIONSdA paper-based insulin algorithm targeting glucose levels of 5.0–6.5 mmol/L
(90–117 mg/dL) can be feasibly implemented in the CCU. A cardiovascular outcomes trial using
this approach can determine whether targeted glucose lowering improves patient outcomes.

Diabetes Care 35:19–24, 2012

Large surveys in several countries have
shown that approximately two-thirds
of people admitted to a coronary care

unit (CCU) have impaired fasting glucose,
impaired glucose tolerance, newly detected
diabetes, or established diabetes (1,2). Pro-
spective studies have also consistently

reported that these dysglycemic patients
have a higher mortality and in-hospital
complications than euglycemic patients
and that mortality is correlated to the de-
gree of dysglycemia (3–8). Furthermore,
patients with acute myocardial infarction
(AMI) whose glucose levels normalize after

admission experience lower mortality than
patients with persistent hyperglycemia.
These epidemiologic relationships suggest
that strategies to lower glucose levels in the
setting of an AMImay reducemortality (4).
However, clinical trials that targeted glu-
cose control with intravenous insulin in
the CCU (with or without postdischarge
insulin therapy) have yieldedmixed results
to date, with some studies suggesting a
strong clinical benefit and others suggest-
ing no benefit (9–14). Reasons for this het-
erogeneity remain unclear and have been
attributed to a number of possibilities.
These include the following: 1) different
approaches to glucose lowering; 2) varying
glucose targets; 3) inability to clearly
achieve a substantial contrast in glucose
concentrations between the study groups;
4) heterogeneous study designs; 5) under-
recruitment; and 6) the absence of a sim-
ple, easily implementable, reproducible
approach to glucose control in the CCU
(13). Despite this heterogeneity, a meta-
analysis of clinical trials in which insulin
therapy was used to target lower glucose
levels suggested that there may be a mortal-
ity benefit of such an approach in the CCU
(15). These findings suggest that a simple,
safe, and easily implemented approach to
target normal glucose levels in the CCU
may have clinically important benefits.

To address these challenges, we de-
veloped an insulin-based approach that
targeted normal glucose levels of 5.0–6.5
mmol/L (90–117 mg/dL) while minimiz-
ing hypoglycemia. This approach com-
prised a simple intravenous glulisine
insulin (rapid-acting insulin) algorithm
(i.e., an algorithm that did not require
any calculations or a computer to imple-
ment) while the patient was in the CCU,
followed by once-daily subcutaneous glar-
gine insulin (long-acting insulin) for up to
30 days after randomization. We then
tested the feasibility, safety, and effective-
ness of this approach in the AMI setting in
the RECREATE (REsearching Coronary
REduction by Appropriately Targeting
Euglycemia) pilot trial.
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RESEARCH DESIGN AND
METHODSdThe RECREATE pilot tri-
al enrolled patients with an AMI, who
presented to the hospital within 24 h of
onset of ischemic symptoms; had either
ST segment elevation ($1 mm) in two or
more contiguous leads or a new left bun-
dle branch block on initial electrocardio-
gram; and had a blood glucose level of
$8.0 mmol/L (144mg/dL) at presentation
to the hospital. Patients with or without
diabetes were eligible for randomization,
provided that they were not taking or
requiring insulin therapy at the time of
hospital presentation. Exclusion criteria
included the following: type 1 diabetes,
history of severe hypoglycemia within the
past 2 years, known or suspected end-
stage liver disease, cardiogenic shock at
presentation, documented pregnancy, life
expectancy of ,90 days, anticipated poor
adherence or loss to follow-up, and prior
enrollment in this trial or current enroll-
ment in another trial of AMI.

Study protocol
All patients were managed according to the
best judgment of their treating physician,
including both medical therapy and inter-
ventions (primary percutaneous coronary
intervention [PCI] and/or thrombolytic
therapy). In addition, consenting partici-
pants were randomly allocated in a 1:1
fashion to either receive or not receive open-
label intensive insulin therapy. Allocation
was achieved using a central computerized
system. The insulin arm comprised the im-
mediate initiation of a rapid-acting insulin
(glulisine/Apidra) infusion that was titrated
to target glucose levels between 5.0 and 6.5
mmol/L (90 and 117 mg/dL) while in the
CCU. Once transferred to the ward, insulin
arm participants were started on once-daily
insulin (glargine/Lantus) injections to
target a fasting fingerstick glucose level
between 4.0 and 5.5 mmol/L (72 and 99
mg/dL). In the standard therapy arm,
treating physicians were free to add insulin
therapy if they felt it was warranted to treat
high glucose levels. All participants had
plasma glucose levels measured at 10, 24,
48, and 72 h after admission, on the day of
discharge from the hospital, and at 30 days.

At discharge from the hospital, partic-
ipants in the insulin arm were continued
on once-daily glargine until 30 days post-
randomization and were instructed on the
use of glucose meters, self-administration
of insulin, and recognition and treatment
of hypoglycemia. Participants monitored
fingerstick glucose values fasting daily and
when symptomatic with hypoglycemia.

Participants were also given a diary to
record daily fasting fingerstick values,
hypoglycemia, and any symptoms of con-
cern. Participants in both arms were coun-
seled regarding healthy cardiovascular
lifestyle modifications (dietary and phys-
ical activity) before hospital discharge.
Participants were seen 30 days after ran-
domization and were contacted at 90 days
after randomization to ascertain vital
status.

Insulin algorithm
Insulin arm participants were started on an
intravenous infusion of glulisine insulin
mixed in normal saline. The insulin in-
fusion rate was adjusted using a paper-
based insulin algorithm (Supplementary
Data) that suggested insulin doses based
on both the participants’ current glucose
level and the change in glucose level in re-
sponse to therapy. The insulin infusionwas
continued throughout the participant’s stay
in the CCU. This insulin algorithm re-
quiredminimal calculations andfingerstick
glucose measurements every 1–4 h. It was
derived from a more complex algorithm
that required more frequent blood glucose
monitoring and that was previously dem-
onstrated to be safe and effective in the set-
ting of an AMI (16).

When transferred to the ward, partic-
ipants were transitioned to long-acting sub-
cutaneous insulin, as per a suggested glargine
algorithm. The initial dose of glargine
insulin was determined by calculating the

total dose of intravenous glulisine insulin
used within the preceding 24 h and re-
ducing this total dose by 10% or more, as
per the judgment of the treating physician.
Further increments or decrements of 1–2
units/day in the glargine dose were made
until the participant’s fasting blood glu-
cose levels were at target (4.0 and 5.5
mmol/L [72 and 99 mg/dL]). The glargine
dose was adjusted by the research team
daily while in the hospital, at discharge,
at 2 weeks after discharge, and more fre-
quently at their discretion.

Outcomes
The primary outcome for this pilot trial
was the difference in mean venous plasma
glucose levels between the two study
groups at 24 h. Secondary outcomes in-
cluded the following: the difference in
mean venous plasma glucose between the
study groups at hospital discharge or
7 days (whichever came first) and 30
days, clinical cardiovascular outcomes,
mortality, and rehospitalization. Hypo-
glycemia, hypokalemia (potassium level
,3.5 mmol/L or mEq/L), and any serious
adverse events were documented. All out-
comes were adjudicated blinded to the
treatment allocation. Laboratory values
were measured locally at the participating
centers.

Data were collected using standard-
ized case report forms by local investigators
and were managed through the National
Coordinating Offices for each country and

Figure 1dRECREATE trial flow diagram.
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the Global Coordinating Project Office
(Population Health Research Institute
[PHRI] at McMaster University, Hamilton,
Ontario, Canada). An independent data
safety monitoring board monitored clinical
outcomes and safety end points through-
out the trial. In addition, a glucose moni-
toring committee analyzed the glucose data
at specific time intervals to ensure the safety
and efficacy of the insulin algorithms. Each
country obtained regulatory approval for
study drugs. All sites received local ethics
board approval, and all participants pro-
vided informed consent.

Statistical analysis
All analyses were performed using the
intention-to-treat approach. Continuous
variables were summarized using means
and SDs and/or medians with interquar-
tile range (IQR), and counts with percen-
tages were used for binary variables. The
effect of the insulin intervention on the
primary outcome of change in mean glu-
cose at 24 h was calculated using the
difference at 24 h with 95% CIs. Similar
calculations were performed at days 7 and
30. For the effect of the intervention on
glucose levels over the course of the trial,
repeated-measures ANOVA was per-
formed using a one-way ANOVA, adjust-
ing for baseline glucose levels. Clinical
outcomes were tabulated; however, no
statistical comparisons of clinical out-
comes were planned, since the trial was
not designed or powered to detect differ-
ences in clinical outcomes.

It was estimated that a sample size of
500 participants would detect a mean
difference of 1.3 mmol/L (23.5 mg/dL)
between the insulin and standard ther-
apy arm glucose values at 24 h, assuming
a standard deviation of 4.2 mmol/L
(75 mg/dL) (17), 90% power, two-sided
a level of 0.05, and 6% loss to follow-up.
All statistical analyses were performed us-
ing SAS software, version 9.1 (SAS Insti-
tute, Cary, NC).

RESULTSdOverall, 287 participants
were enrolled in the RECREATE trial
(273 in India, 13 in Canada, and 1 in
Argentina). A total of 148 participants
were randomized to insulin therapy and
139 to standard therapy. As outlined in
the study flow diagram (Fig. 1), all partic-
ipants were accounted for at the 90-day
follow-up period.

Baseline characteristics
Baseline patient characteristics were simi-
lar in the two groups (Table 1). The mean

Table 1dBaseline patient characteristics and AMI management

Baseline characteristic Insulin
Standard
therapy

n 148 139
Age (years) [mean (SD)] 57.4 (10.8) 57.1 (12.1)
Male sex [n (%)] 118 (79.7) 115 (83.7)
Previous MI [n (%)] 8 (5.4) 7 (5.0)
History of heart failure [n (%)] 0 (0.0) 1 (0.7)
Stroke [n (%)] 3 (2.0) 4 (2.9)
Known hypertension [n (%)] 41 (27.7) 47 (33.8)
Diabetes [n (%)] 44 (29.7) 35 (25.2)
Diabetes on any OAD† [n (%)] 21 (14.2) 23 (16.6)
Dyslipidemia [n (%)] 9 (6.1) 7 (5.0)
History of smoking‡ [n (%)] 52 (35.1) 56 (40.3)
Weight (kg) [mean (SD)] 67.8 (11.7) 66.6 (11.2)
BMI (weight/height in m2) 25.4 (4.2) 24.6 (3.5)
Blood pressure (mmHg) [mean (SD)]
Systolic 128.5 (20.7) 127.2 (21.6)
Diastolic 79.1 (13.4) 79.6 (12.7)

Heart rate (bpm) [mean (SD)] 82.9 (18.6) 82.0 (16.6)
Killip class at randomization [n (%)]
I 125 (84.5) 115 (82.7)
II 18 (12.2) 23 (16.6)
III 5 (3.4) 1 (0.7)

Electrocardiographic changes [n (%)]
ST elevation 146 (98.7) 138 (99.3)
Anterior (V1–V4) 79 (53.4) 75 (54.0)
Anterior-lateral (V5–V6) 3 (2.0) 3 (2.2)
Lateral (I, AVL) 3 (2.0) 4 (2.9)
Inferior (II, III, AVF) 62 (41.9) 57 (41.0)
New left bundle branch block 2 (1.4) 1 (0.7)

Glucose (mmol/L) [mean (SD)] 10.1 (4.0) 9.8 (3.3)
HbA1c (%) [mean (SD)] 7.1 (1.7) 6.9 (1.8)
Creatinine (mmol/L) [mean (SD)] 101.1 (38.3) 100.6 (34.3)
Potassium (mmol/L) [mean (SD)] 4.1 (0.6) 4.2 (0.7)
Reperfusion therapy [n (%)]
Any (thrombolytics or PCI) 129 (87.2) 127 (91.4)
Thrombolytics 111 (75.0) 109 (78.4)
Primary PCI 22 (14.9) 19 (13.7)
Both thrombolytics and PCI 4 (2.7) 1 (0.7)

Hours between presentation to hospital and
randomization [median (IQR)] 3.8 (1.9–9.6) 3.8 (1.9–9.6)

Hours between symptom onset [median (IQR)] and:
Presentation to hospital 3.3 (1.8–7.4) 3.8 (1.5–6.8)
Randomization 10.6 (5.5–17.5) 8.9 (6.0–15.8)
Any reperfusionx 4.3 (2.7–7.5) 4.7 (2.8–7.0)
Thrombolytics 4.0 (2.6–7.3) 4.8 (3.0–7.0)
Primary PCI 6.4 (3.5–10.0) 3.8 (2.6–7.5)
Initiation of any insulin infusionx 10.3 (5.5–18.3) N/A

Medications [n (%)]
Aspirin 148 (100.0) 139 (100.0)
Clopidogrel/ticlopidine 143 (96.6) 132 (95.0)
Glycoprotein IIb/IIIa inhibitor 19 (12.8) 14 (10.1)
Nitrates 128 (86.5) 123 (88.5)
b-Blocker 106 (71.6) 97 (69.8)
ACE inhibitor 99 (66.9) 99 (71.2)
Angiotensin receptor blocker 6 (4.1) 4 (2.9)
Statin 138 (93.2) 126 (90.7)
Diuretic 39 (26.4) 38 (27.3)
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age was 57.3 years, and 82% of partici-
pants were male. At randomization,
27% were known to have diabetes, 31%
had hypertension, and 37.6% reported
smoking. Five percent of participants
had a previous history of MI, only 1%
had a previous history of congestive heart
failure, and 54% had anterior ST seg-
ment elevation myocardial infarction
(STEMI). The mean glucose at random-
ization was 10.14 mmol/L (SD 3.99)
[182.5 mg/dL (SD 72)] in the insulin
arm and 9.80 (SD 3.31) [176.4 mg/dL
(SD 60)] in the standard therapy arm
(P = 0.42).

Course in hospital
The median time from presentation to
randomization was identical in both arms
at 3.8 h (IQR 1.92–9.6), and the median
time from randomization to initiation of
the insulin infusion was 4.25 h (IQR 2.0–
10.3) (Table 1). Of those randomized to the
insulin arm, 98% received the insulin in-
fusion while in the CCU and 96.6% re-
ceived both the insulin infusion in the
CCU and the long-acting glargine insulin
after transfer from the CCU. Glargine was
continued at discharge and through 30
days in 85 and 74% of participants, respec-
tively, in the insulin arm. Only two (1.4%)
participants randomized to the insulin arm
did not receive any insulin, since both died
before insulin initiation. The mean dose of
glulisine per kilogram used in the first 24 h
was 0.78 (SD 0.48). The mean dose of glar-
gine was 0.4 units/kg (SD 0.22) after dis-
continuation of the glulisine infusion and
0.35 units/kg (SD 0.22) at 30 days.

No patients in the standard therapy
arm received an insulin infusion.While in
hospital, 33.8% of standard therapy par-
ticipants received subcutaneous insulin: 8
(5.76%) received only one insulin injec-
tion; 23 (16.55%) receivedmore than one
injection per day; and 16 (11.5%) had
intermittent use. At discharge, 15 (10.8%)

participants in the standard therapy arm
were on insulin, 6 (4.3%) were on one
injection daily, and 9 (6.5%) were onmore
than one injection per day.

Both groups received similar medical
therapies for AMI, including antiplatelet
agents,b-blockers, diuretics, ACE inhibitors
or angiotensin receptor blockers, and sta-
tins. Rates of thrombolytic therapy (78 vs.
75%, P = 0.49) and primary PCI (13.7 vs.
14.9%, P = 0.77) were also similar between
both arms (Table 1). In the insulin arm,
reperfusion therapy was started before ini-
tiation of the insulin infusion in 90% of pa-
tients who received thrombolytics and 81%
of patients who underwent primary PCI.

Effects on glucose outcomes
At 24 h, the mean glucose level (mmol/L)
was 6.53 (SD 2.8) [117.5 mg/dL (SD 50)]
in the insulin arm and 7.94 (SD 3.23)
[142.9 mg/dL (SD 58)] in the standard
therapy arm, with a mean unadjusted
difference of 21.41 mmol/L (95% CI
22.3 to 20.69) [–25.4 mg/dL (95% CI
241.4 to212.4)]. There was no evidence
of a different effect of the insulin infusion
in Indian versus non-Indian participants
(P for heterogeneity 0.68). Figure 2 shows
that the glucose levels over the course of
the trial were significantly lower in the in-
sulin arm. At 24 h, the glulisine algorithm
lowered the glucose level (mmol/L) to
#4.6 in 29%, #5.8 in 53%, and #7.7 in
76% of participants in the insulin arm. In
the standard therapy arm at 24 h, the glu-
cose was#4.6 in 19%,#5.8 in 47%, and
#7.7 in 63% of participants (P, 0.05 for
all comparisons). At 30 days, hemoglobin
A1C (%) was similar in both the insulin
and standard therapy arms 6.59 (1.3) and
6.77 (1.5), respectively.

Effects on clinical outcomes
There was only one (0.7%) episode of
severe hypoglycemia (defined as glucose
,3.0 mmol/L [54 mg/dL] and requiring
treatment by a person other than the

Figure 2dGlucose levels (repeated-measures analysis). The point estimates show the actual
values achieved.-, Standard therapy group values;◆, insulin group values. The lines are based
on modeled data using repeated-measures analysis that take into account the dependence among
all values within participants. Bars represent the 95% CIs of the point estimates.

Table 1dContinued

Baseline characteristic Insulin
Standard
therapy

Length of stay (days) [mean (SD)]
CCU 2.4 (1.7) 2.6 (1.6)
Hospital 5.5 (3.3) 4.8 (2.4)

There were no significant differences in baseline characteristics and AMI management between study arms.
†OADs (oral antidiabetes drugs) include sulfonylurea, biguanide, thiazolidinedione, glinide, a-glucosidase
inhibitor, and glucagon-like peptide (GLP)-1 analog. ‡Current smoker or quit within 1 year. xAn insulin
infusion was started before randomization in two participants in the insulin arm based on the judgment of
the investigators.
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patient) in the insulin arm. This episode
occurred while on insulin infusion in the
CCU. There were no episodes of severe
hypoglycemia while on once-daily glar-
gine therapy (both inpatient and outpa-
tient). There were two (1.4%) episodes of
symptomatic nonsevere hypoglycemia
(defined as the presence of clinical signs
or symptoms of hypoglycemia detected by
the participant who is able to self-correct)
in the insulin arm and none in the stan-
dard therapy arm. A total of 32 (22.7%)
people in the insulin arm and 6 (4.4%)
people in the standard arm had a plasma
glucose value ,3.9 mmol/L while in the
CCU (P, 0.05) with no signs or symptoms.

There were similar rates of hypokale-
mia in both the insulin and standard
therapy arms (23.7 and 25.9%, respec-
tively). Other adverse events were infre-
quent, occurred at similar rates between
arms, and were unrelated to insulin, in-
cluding fever, altered level of conscious-
ness, arrhythmia, atypical chest pain,
hematemesis, and forearm superficial
thrombosis in the insulin arm and fever,
altered mood, nephropathy, and pleuritic
chest pain in the standard therapy arm.

There were similar numbers of car-
diovascular and other outcomes (reinfarc-
tion, stroke, congestive heart failure, and
rehospitalization) in the two arms. All-
cause mortality was 12 (8.6%) in the
standard therapy arm and 13 (8.8%) in
the insulin arm at 90 days. All deaths were
adjudicated as cardiovascular in nature.

CONCLUSIONSdThe RECREATE
trial demonstrated that a paper-based
insulin algorithm can be easily implemen-
ted, is effective in lowering glucose levels,
and appears to be safe in individuals with
acute STEMI. After 24 h, the insulin al-
gorithm achieved a mean glucose level
of 6.53 mmol/L (SD 2.8) [117.5 mg/dL
(SD 50)], whereas the standard therapy
achieved a mean glucose level of 7.94
mmol/L (SD 3.23) [142.9 mg/dL (58)].
This reduction in glucose levels was
associated with only one episode of severe
hypoglycemia but more frequent biochem-
ical asymptomatic hypoglycemia, defined
as a plasma glucose,3.9 mmol/L (with or
without symptoms). Similar rates of hy-
pokalemia and cardiovascular outcomes
were observed in both arms.

The intravenous insulin algorithm
used in the RECREATE trial achieved
lower glucose levels than other published
clinical trials of insulin therapy in AMI
(Table 2). Possible explanations for the
lower achieved glucose levels in the

RECREATE trial include the following:
tighter glycemic targets, the use of insulin
mixed innormal saline instead of a glucose-
based solution, and a lower percentage of
participants with preexisting diabetes
(27.5 vs. 48–100%). Despite RECREATE’s
tighter glycemic targets, symptomatic hy-
poglycemia was infrequent and occurred in
fewer participants in the RECREATE trial
(2.0%) compared with other AMI studies
(3.5–3.8%) (Table 2) (11,12,14). Con-
versely, the rate of biochemical hypoglyce-
mia appeared to be similar to that observed
in these other trials, after accounting for the
fact that lower glucose cutoffs (i.e., below
3.0 or 3.5 mmol/L) were used to define
biochemical hypoglycemia in these other
studies (Table 2).

The main strength of the RECREATE
pilot trial is the use of a paper-based insulin
algorithm that did not require frequent
glucose measurements or a computer. The
intravenous insulin algorithm was easily
and successfully implemented across a
number of international centers. Overall,
there was a high rate of adherence to the
study protocol and high rates of participant
follow-up (94% at 24 h, 87% at 30 days,
and 100% survival data at 90 days). The
rates of symptomatic hypoglycemia, hypo-
kalemia, and other adverse events were low
and were similar in both arms. Finally, the
fact that participants recruited from differ-
ent parts of the world responded similarly
to the intervention suggests that it is
broadly applicable and implementable.

Although fewer patients were re-
cruited than originally planned, a clear
and significant difference between glu-
cose levels of 1.41 mmol/L (25 mg/dL)
was achieved (with 97.7% power), which
has been associated with a 22% decrease
in mortality in previously published epi-
demiologic analysis (6). However, this tri-
al was clearly not designed to assess
morbidity or mortality, and whether this
glucose strategy improves clinical out-
comes in patients hospitalized with AMI
remains a key unanswered question. This
continuing uncertainty regarding optimal
glucose levels during AMI underscores
the need for a definitive clinical trial of
targeted glucose control strategies, such
as the one tested in our study.

In conclusion, the RECREATE pilot
trial showed that an insulin-based ap-
proach comprising a paper-based insulin
algorithm targeting normal glucose levels
followed by subcutaneous insulin for 1
month can effectively lower glucose levels
with minimal symptomatic hypoglycemia
but more biochemical hypoglycemia in
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patients with an acute STEMI. It is there-
fore feasible to test the clinical risks and
benefits of this approach in a large out-
comes trial that could be globally con-
ducted in a wide variety of settings.
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