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Background: The IMMEDIATE Trial of emergency medical service use of intravenous glucose–insulin–potassium
(GIK) very early in acute coronary syndromes (ACS) showed benefit for the composite outcome of cardiac arrest
or in-hospital mortality.
Objectives: This analysis of IMMEDIATE Trial data sought to develop a predictive model to help clinicians identify
patients at highest risk for this outcome and most likely to benefit from GIK.
Methods: Multivariable logistic regression was used to develop a predictive model for the composite endpoint
cardiac arrest or in-hospital mortality using the 460 participants in the placebo arm of the IMMEDIATE Trial.
Results: Thefinalmodel had four variables: advanced age, low systolic blood pressure, ST elevation in thepresent-
ing electrocardiogram, and duration of time since ischemic symptom onset. Predictive performance was good,
with a C statistic of 0.75, as was its calibration. Stratifying patients into three risk categories based on themodel's
predictions, there was an absolute risk reduction of 8.6% with GIK in the high-risk tertile, corresponding to 12
patients needed to treat to prevent one bad outcome. The corresponding values for the low-risk tertile were
0.8% and 125, respectively.
Conclusions: The multivariable predictivemodel developed identified patients with very early ACS at high risk of
cardiac arrest or death. Using this model could assist treating those with greatest potential benefit from GIK.

© 2015 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Studies in animals suggest that intravenous glucose–insulin–
potassium (GIK), when administered very early during the course of
cardiac ischemia, reduces ischemia-induced arrhythmias andmyocardi-
al injury [1]. Clinical trials in humans, however, have produced conflict-
ing results [2–5] which have been postulated to be due to the variable
delay in the administration of GIK after the onset of ischemia. Supporting
the importance of very early identification of suitable patients and
treatment, the IMMEDIATE (ImmediateMyocardialMetabolic Enhance-
ment During Initial Assessment and Treatment in Emergency care)
Trial, which studied very early administration of GIK to patients with
an acute coronary syndrome (ACS) by emergency medical service
(EMS), showed reduction in the composite endpoint of cardiac arrest
or in-hospital mortality in the study group, thereby supporting the
importance of prompt identification of these patients [6].
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As treatment of ACS has evolved, including early primary percutane-
ous coronary intervention (PCI), there have been significant reductions
in mortality. To maximize this impact, there is a need to identify
patients with suspected ACS who are at high risk for cardiac arrest or
death very early in their clinical course, such as during initial evaluation
by EMS. This identification remains challenging, however. Among pa-
tients presenting with chest pain or other symptoms suggesting ACS,
only about a quarter truly have ACS, and among those with ACS, rapid
identification of those at high risk is crucial in order to provide prompt
treatment and allocation of valuable attention and resources [7].

To address this need, using data from the IMMEDIATE Trial, we used
logistic regression to develop a predictive model to stratify the risk of
cardiac arrest or death among patients presenting with suspected ACS.
We then examined the degree of GIK's treatment effect across risk
groups defined by the predictive model.

2. Methods

2.1. Dataset

This study used data from the IMMEDIATE Trial. Details of the study
protocol and inclusion and exclusion criteria have been published else-
where [6,8].It was a randomized, placebo-controlled, double-blind,
multicenter clinical effectiveness trial conducted across the United
States that assessed the effect of intravenous GIK infusion initiated by
EMS in the out-of-hospital setting for patients with suspected ACS. Of
its 871 randomized participants; for the development of the predictive
model,we used only data from the control (placebo) group, to represent
the clinical course of ACS uninfluenced by GIK.

2.2. The IMMEDIATE Trial inclusion and exclusion criteria

Screened patients included those transported by EMS who were
30 years of age or older and had an out-of-hospital electrocardiogram
(ECG) done for symptoms suggestive of ACS. To be included, a patient's
out-of-hospital ECG had to meet at least one of the following criteria: a
75% or higher prediction of ACS by the acute ischemia time insensitive
predictive instrument (ACI-TIPI) [7], the generation by the thrombolytic
predictive instrument (TPI) of a statement recognizing ST elevation
myocardial infarction (STEMI) [7], or a judgment by the paramedic
that the ECG showed definite STEMI using local standards. Excluded
were patients who had a language barrier, impaired reasoning, were
prisoners, pregnant, or had rales suggesting heart failure. Informed con-
sentwas obtained from each patient and the study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki as reflected in
a priori approval by the institution's human research committee.

2.3. Presenting clinical variables

For analyses, our main independent variables were demographic,
clinical and electrocardiographic. These included age, sex, body mass
index, time of initiation of study drug (GIK or placebo) after the onset
of ischemic symptoms, vital signs (pulse, and systolic and diastolic
blood pressures) obtained out-of-hospital and in the emergency depart-
ment (ED), medical history of coronary artery disease (myocardial in-
farction, coronary artery revascularization, heart failure, and stroke),
cardiovascular risk factors (diabetes mellitus, hypertension, and hyper-
lipidemia), history of hemodialysis, previous use of aspirin, and treat-
ment with beta blocker. Electrocardiographic variables included ST
elevation, PR interval, QRS duration, corrected QT interval (QTc), and
the axes of the P, T, and QRS waves. We also used the probability of
ACS computed by the ACI-TIPI [7,9] and for the QTc variable, categories
previously developed in a cardiac arrest model [10], and for heart rate
and blood pressure, variables previously used in predictive models of
cardiac arrest and in-hospital mortality [11–13].

2.4. Clinical outcome to be predicted

The outcome of interest was the composite of cardiac arrest or
in-hospital mortality, as adjudicated for the IMMEDIATE Trial [6,8].

2.5. Development of predictive model

Using data from the IMMEDIATE Trial control participants, we com-
pared baseline characteristics of those with and without the cardiac
arrest or mortality composite outcome. Between group differences
were assessed by logistic regression based on demographic, clinical,
and ECG data. Variables that were significant at p b 0.01 were included
in the multivariable model building process to identify patients at
highest risk for the composite outcome (who thereby might benefit
most by early administration of GIK). Collinearitywas tested by examin-
ing the variance inflation factor (vif); if its square root was more than
two, collinearity was suspected and the variable with lowest p value
was used in further analyses.

Stepwise multivariable logistic regression analysis was performed
using the most promising variables from the univariate analyses. Clini-
cal meaningfulness and the Akaike Information Criteria (AIC) were
used in variable selection, resulting in the model with four variables
described below.

The final model was tested for predictive discrimination by C statis-
tic (the equivalent of the area under the receiver-operating characteris-
tic [ROC] curve). Predicted values from the final model were calculated
for all patients (GIK and placebo treated), which were used to stratify
patients into tertiles of risk. The observed event rates in each risk cate-
gory were calculated and compared between the GIK and placebo
groups. We checked for interactions of GIK with different covariates in
the model and also with the different risk categories. Finally, we evalu-
ated the clinical characteristics of patients in the highest risk group for
consideration for early GIK therapy.

3. Results

Table 1 shows the baseline characteristics of the study sample and
rates of cardiac arrest or in-hospital mortality.

Of the 871 trial participants (411 given GIK and 460 given placebo),
58 had an out- or in-hospital cardiac arrest or died during the index hos-
pitalization. Forty occurred in the control group (29 cardiac arrests, 23
with in-hospital mortality, and 12 with both), and 18 in the GIK group
(15 cardiac arrests, 13 with in-hospital mortality, and 10 with both).
To construct the risk predictive model of baseline risk, we used the
data from the placebo group (n = 460). As in Table 1, when compared
to the participants without any events, those with one of these events
were slightly older andmore likelywomen, presented later (but not sig-
nificantly), had systolic blood pressures that were about 10 mm Hg
lower and pulse rates about 10 beats per minute higher, had more fre-
quent histories of previous coronary artery disease, more often had ST
elevation on their presenting ECG, and had higher ACI-TIPI probabilities
of having ACS. These differences are consistent with those who have
cardiac arrest, are ofmore advanced age, have lower systolic blood pres-
sure, tachycardia, history of coronary artery disease, ST elevation on
presentation, and higher ACI-TIPI score, These were considered appro-
priate variables for the predictive model.

Among 34 candidate variables, 11 were statistically significant and
one borderline significant. Among demographic variables, age was sig-
nificant and gender was not. Neither traditional cardiovascular risk fac-
tors, nor history of coronary artery disease, heart failure, stroke, use of
aspirin, or beta blocker were significantly related to the outcome. Fur-
ther characterization of age using restricted cubic spline demonstrated
a nonlinear relationship of age with the outcome of interest. Two
nodes were noted at 60 and 85 years of age. Graphically there was no
obvious difference in the outcome rates below 60 and above 85 years
of age. Thus, based on the data the age variable was truncated at 60
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