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Chapter 1 

 

General introduction and aims of the thesis 

 

Diagnosis and treatment of ST segment elevation myocardial infarction 
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Introduction 

 

Treatment strategies for acute ST segment elevation myocardial infarction (MI) have 

evolved over the last 25 years. In the 1950s and 1960s, it was debated whether coronary 

thrombosis was the cause or the consequence of ST segment elevation MI. In the 1960s 

and 1970s, treatment of ST segment elevation MI patients consisted of bed rest for up to a 

month. Mortality was reduced with the emergence of Coronary Care Units and treatment 

of the arrhythmias. Landmark studies by DeWood in the early 1980s showed that 

occlusion of the coronary artery was the critical event leading to ST segment elevation 

MI.1 Reperfusion therapy became the cornerstone of acute treatment for ST segment 

elevation MI. Preferentially, acute coronary reperfusion is nowadays accomplished  (1) 

mechanically by primary percutaneous coronary intervention (PCI), previously called 

primary transluminal coronary angioplasty (PTCA) with or without stenting or (2) 

pharmacologically with intravenous fibrinolytic therapy. Recent evidence suggests that 

apart from improved PCI techniques, adjunctive use of platelet glycoprotein IIb/IIIa 

receptor blockers and metabolic interventions, such as glucose-insulin-potassium (GIK) 

infusion may enhance procedural success and improve clinical outcome. Together these 

developments have stimulated renewed efforts to determine the optimal therapeutic 

strategy for patients with ST segment elevation MI. 

 

Pathophysiology 

 

The first papers on the clinical diagnosis of MI date from the early 20th century. Obrastzow 

and Stracheschenko in 1910 and Herrick in 1912 described the features of a sudden 

obstruction of a coronary artery.2;3  

Myocardial infarction is the consequence of disruption, fissuring or hemorrhage of a 

vulnerable coronary artery plaque, complicated by various degrees of intraluminal 

thrombosis, embolization, and subtotal or total obstruction to perfusion. The residual 

antegrade or collateral flow, and the volume and location of affected myocardium 

determine the characteristics of the clinical presentation. Patients with complete occlusion 

may manifest ST segment elevation MI, if the lesion occludes an artery supplying a 

substantial volume of the myocardium. A similar occlusion in the presence of extensive 

collaterals may present as MI without ST segment elevation. ST segment elevation MI is 

diagnosed by the presence of a clinical syndrome of new-onset ischemia with either rest 

pain or a crescendo pattern of ischemic pain on minimal exertion, and elevated enzymatic 

markers together with electrocardiographic evidence of acute ischemic injury. The 

predictive accuracy of ST segment elevation for a final diagnosis of MI is very high. The 

definition of MI proposed by the European Society of Cardiology (ESC)4, the American 
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College of Cardiology (ACC)5, and the American Heart Association (AHA)5 requires a 

typical clinical syndrome plus a rise and fall in creatine kinase-MB (CK-MB) or tropinin. 

 

Predictors of death in patients with myocardial ischemia and 

infarction 

 

A number of prognostic models have been developed in populations of patients with ST 

segment elevation MI to determine the predictive value of several characteristics to 

predict outcome.6-9 In the multinational, observational Global Registry of Acute Coronary 

Events (GRACE) the value of baseline clinical and demographic characteristics on hospital 

mortality was predicted in an unselected population of patients with acute coronary 

syndrome.10 Killip class, age, blood pressure, cardiac arrest, positive enzymatic markers, 

serum creatinine level, ST segment deviation, and heart rate contained most of the 

prognostic information. Although acute coronary syndromes are usually categorized 

according to the presence or the absence of ST segment elevation at the time of 

presentation, this variable did not appear to be important for determining the risk of death 

after accounting for the presence of ST segment deviation. The risk of major 

cardiovascular complications and death is dependent on acute and pre-existing risk 

factors (table 1).  

     

Table 1. High risk factors and markers of outcome 

• Age 

• Previous cardiovascular disease 

• ST segment deviation 

• Rhythm disturbances (bundle branch block, ventricular fibrillation, cardiac arrest) 

• Signs of heart failure (Killip class ≥2) 

• Glucose derangement (elevated glycosylated hemoglobin or diabetes mellitus) 

• Renal dysfunction (raised serum creatinine, raised blood urea nitrogen, reduced 

creatinine clearance, micro-albuminuria) 

• Elevated inflammatory markers (C reactive protein, interleukin-6) 

• Extent of coronary artery disease on angiography (multi-vessel disease) 

• Large enzymatic infarct size 

 

General measures 

 

The underlying principles of the treatment of ST segment elevation MI patients are to 

provide relief of ischemia and pain. In the presence of heart failure or shock, assisted 
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ventilation with positive end expiratory pressures may be required.4;5 Reperfusion of 

critically ischemic myocardium is crucial in those with acute ST elevation or (new-onset) 

left-bundle branch block or posterior MI. Hemodynamic support may be necessary in 

patients with hypotension or cardiogenic shock, i.e., patients with Killip class 4 at 

admission. If so indicated, this supports intra-aortic balloon pumping to stabilize the 

patient for PCI. Specific measures may be required to control hypertension so as to 

reduce myocardial wall stress, and to treat acute heart failure.  

 

Reperfusion therapy 

 

Early and effective reperfusion therapy is the cornerstone of treatment for acute ST 

segment elevation MI. Restoration of antegrade flow in the occluded artery can be 

achieved by PCI and/or fibrinolytic therapy. To evaluate the coronary blood flow in 

patients with the Thrombolysis in Myocardial Infarction (TIMI) flow is determined. The 

restoration of TIMI grade 3 flow, i.e., optimal flow,  is achieved in approximately 9 out of 

10 patients treated with PCI as compared to 5-7 out of 10 patients treated with fibrinolytic 

therapy.11 Early restoration of antegrade flow is related to diminished enzymatic infarct 

size, preserved left ventricular function, prevention of recurrent infarction, and short-term 

as well as long-term survival benefit. 

  

Fibrinolytic therapy 

The first two large-scale, placebo-controlled, randomized trials that compared fibrinolytic 

therapy with placebo demonstrated dramatic benefits for streptokinase. These two trials 

showed that streptokinase reduced 30-day mortality rates from 13% to 10.7% (P<0.001)12 

and 12% to 9.2% (P<0.001)13. These results also showed the synergistic benefits of 

antiplatelet agents and fibrinolytic therapy, since 30-day mortality was reduced to a 

greater extent by the combination of aspirin and streptokinase (13.2% versus 8.0%, 

P<0.001) than by aspirin alone (11.8% versus 9.4%, P<0.001).12;13 Subsequent long-term 

data from both trials confirmed that the mortality benefit with streptokinase persisted for 

at least 10 years. Similar trials with other fibrinolytic agents have shown complementary 

findings, and a systematic overview of all trials randomizing more than 1000 patients to 

fibrinolytic therapy or placebo (total N=58600) reported a significant reduction in 30-day 

mortality with fibrinolytic therapy compared to placebo (11.5% versus 9.6%).14 Prehospital 

administration of fibrinolytic therapy has been proposed as a means of further reducing 

time to reperfusion. Several studies have analyzed the potential advantages of prehospital 

fibrinolytics. A recent meta-analysis (N=6434) that combined data from six randomized 

trials showed a 17%  reduction in mortality with prehospital fibrinolytics versus hospital-

administered fibrinolytic therapy (P=0.03).15 Fibrinolytic therapy is limited by various 
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safety and efficacy issues, such as contraindications and intracranial hemorrhage. 

However, until now the combination of glycoprotein IIb/IIIa receptor blockers or specific 

anti-thrombin (bivalirudin) and fibrinolytic therapy have not shown to improve survival, 

and may be associated with increased bleeding. 

 

Primary percutaneous coronary intervention 

Primary percutaneous coronary intervention (PCI) achieves reperfusion through 

mechanical recanalization of the infarct-related artery rather than through lysis of the 

coronary thrombus with fibrinolytic therapy. Dotter and Judkins were the first to propose 

the concept of reperfusion of the coronary artery by a catheter technique.16 In 1977, 

Grüntzig performed the first percutaneous balloon angioplasty.17 One year later, he and 

his colleagues reported that over a period of 18 months angioplasty had been used in 50 

patients.18 The technique was successful in 32 patients, reducing the stenosis from a 

mean of 84% to 34%. Percutaneous balloon angioplasty without the use of fibrinolytic 

therapy for acute MI was first described by Hartzler and colleagues in 1983.19 The first 

stents were implanted in 1985.20 

The number of trials comparing primary PCI with fibrinolytic therapy has been relatively 

small; however, these trials found an advantage for primary PCI. The first three 

randomized clinical trials comparing primary PCI with various fibrinolytic regimens were 

published in 1993. Zijlstra and colleagues found in 142 patients that compared to 

streptokinase primary PCI was associated with a lower incidence of the combined end-

point of recurrent infarction or angina, death, stroke, reocclusion, and heart failure (19% 

versus 47% P=0.001).21 Grines and colleagues found that primary PCI resulted in a lower 

rate of nonfatal reinfarction and death compared to tissue-type plasminogen activator 

(5.1% versus 12%, P=0.02) with a trend towards reduced overall mortality (2.6% versus 

6.5%, P=0.06).22 Gibbons and colleagues investigated in 108 patients the effect on 

myocardial salvage by technetium-99m-sestamibi and could not detect any improvement 

with primary PCI when compared to tissue-type plasminogen activator.23 These 

pioneering trials were too small to determine the magnitude of the impact of mechanical 

reperfusion on mortality. Subsequently, Weaver and colleagues performed a meta-

analysis incorporating data from the 10 available early trials that compared primary PCI 

with fibrinolytic therapy. Primary PCI was associated with a significantly lower rate of 30-

day mortality (4.4% versus 6.5%, P=0.02), as well as with a significantly lower rate of the 

combined end-point of death or nonfatal reinfarction (7.2% versus 11.9%, P<0.001). 

Furthermore, Zijlstra and colleagues evaluated the 5-year results in patients randomly 

assigned to primary PCI versus streptokinase and showed a significant reduction in 

mortality in the primary PCI group (13.4% versus 23.9%, P=0.01).24 
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Current data are available from 23 published randomized controlled trials with 7739 

patients.25 Eight trials compared primary PCI to streptokinase (N=1837), and 15 primary 

PCI with fibrin-specific agents (N=5902). Of the 3867 patients randomly assigned to 

fibrinolytic therapy, most (76%, N=2939) received a fibrin-specific agent (tissue-type 

plasminogen activator). Stents were used in twelve and platelet glycoprotein IIb/IIIa 

receptor blockers in eight trials. The included trials differ in many respects, including 

patient sample size, type of fibrinolytic therapy, and whether the stents were used with or 

without platelet glycoprotein IIb/IIIa receptor blockers. Primary PCI was found to be more 

effective than fibrinolytic therapy in reducing short-term and long-term major adverse 

clinical events, including death. It was also associated with better clinical outcomes, 

regardless of the type of fibrinolytic agent used or whether the patient required emergent 

transfer to another hospital for primary PCI. Thus, primary PCI reduces mortality for 

patients with ST segment elevation MI even in high-risk patients. In the ‘Should we 

emergenly revascularize Occluded Coronaries for cardiogenic shocK’ (SHOCK) trial it was 

observed that at 1 year patients treated with PCI or coronary artery bypass grafting had a 

lower mortality than patients receiving fibrinolytic therapy (34% versus 47%, P=0.03). 

Postprocedural TIMI grade 3 flow rates in primary PCI trials have been as high as 73% to 

97%, surpassing the 50% to 60% early TIMI grade 3 flow rates demonstrated with 

fibrinolytic therapy. Infarct-related artery reocclusion is also much less frequent after 

mechanical recanalization. Complications of PCI include the need for vascular repair and 

development of acute renal failure (approximately 3%).26;27 

 

Additional treatment 

 

To salvage viable myocardium by re-establishing coronary blood flow with the rapid use 

of reperfusion strategies is an essential first step. However, reperfusion of ischemic 

myocardium carries with it an inherent risk. Paradoxically, the process of reperfusion itself 

can result in myocyte death. This phenomenon is termed reperfusion injury. Mitochondria 

play a key role in determining cell fate during exposure to stress. Their role during 

ischemia/reperfusion is particularly critical due to the conditions that promote both 

apoptosis by the mitochondrial pathway and necrosis by irreversible damage to 

mitochondria in association with mitochondrial permeability transition. Mitochondrial 

permeability transition is caused by the opening of permeability transition pores in the 

inner mitochondrial membrane, leading to matrix swelling, outer membrane rupture, 

release of apoptotic signaling molecules such as cytochrome c from the intermembrane 

space, and irreversible injury to the mitochondria. During ischemia, factors such as 

intracellular calcium accumulation, fatty acid accumulation, and reactive oxygen species 

progressively increase mitochondrial susceptibility to mitochondrial permeability 
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transition, increasing the likelihood that mitochondrial permeability transition will occur on 

reperfusion. Since functional cardiac recovery ultimately depends on mitochondrial 

recovery, cardioprotection by ischemic and pharmacological preconditioning needs to 

involve the prevention of mitochondrial permeability transition. Experimental studies in 

animals suggest that it is possible to limit the amount of myocardial damage during  

ischemia and the early reperfusion periods. A variety of pharmacological approaches to 

prevention of injury (including vasodilators, adhesion molecule blockers, and receptor 

blockers of complement fractions) has been investigated. One of these potential additional 

treatments is metabolic intervention. Drugs such as ranolazine, trimetazidine, 

dichloroacetate, L-carnitine28 and glucose-insulin-potassium (GIK) infusion and glucagon-

like peptide29 have mechanisms of action distinct from traditional anti-ischemic drugs.30 

These agents work by shifting myocardial energy metabolism away from free fatty acids 

(FFA) toward glucose as a source of fuel. Since these agents are well tolerated and do not 

affect heart rate or blood pressure, they conceivably could supplement traditional anti-

ischemic drug therapy with little risk. 

 

Glucose-insulin-potassium infusion in myocardial ischemia 

 

In the timespan of almost a century, a large amount of experimental evidence has been 

accumulated that underlines the importance of glucose metabolism during 

ischemia/reperfusion of the heart. As early as 1912, Goulston suggested that treatment 

with glucose could be beneficial in several heart diseases.31 The first experimental results 

on the mechanical effects of insulin and glucose in the isolated heart were made by 

Visscher and Muller in 1926.32 In 1935, Evans and colleagues showed that in the ischemic 

myocardium the uptake of glucose is increased.33 Almost 30 years later, Sodi-Pallares and 

colleagues suggested that metabolic interference during myocardial ischemia with GIK 

infusion decreased electrocardiographic signs of ischemia.34 They also showed that GIK 

infusion resulted in a lower occurrence of arrhythmias.34 They attributed this effect mainly 

to the influx of potassium in ischemic cardiomyocytes.35 In order to further stimulate 

potassium transport into the cell, insulin was administered.36 Consequently, the rise of 

intercellular calcium is curtailed by the influx of potassium and so the incidence of 

arrhythmias is reduced.37-40 However, systemic infusion of insulin  stimulates the uptake of 

glucose in many celltypes41, which may result in hypoglycemic episodes.42 Consequently, 

it is not possible to administer potassium and insulin in high concentrations without 

adding glucose. Interventions in the glucose metabolism in the clinical arena, whether or 

not used to correct acute hyperglycemia, encompass three potentially effective elements: 

glucose, insulin and potassium. 
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Basic mechanism of GIK protection  

 

Ischemia induces many changes in the heart’s metabolism, including shifts from aerobic 

fatty acid metabolism to anaerobic glycolysis, which provides energy for critical 

myocardial cellular function (figure 1).43-45  

 

Figure 1. The main changes that occur in peripheral and myocardial metabolism during 

the development of acute myocardial ischemia. [adapted from Oliver MF. Am J Med 

2002;112:305-311] 

 
CoA = coenzyme A; FFA = free fatty acid; TG = triglyceride. 

 

During most clinical ischemic syndromes, including acute MI, residual or collateral blood 

flow usually provides at least 10% of the normal level of perfusion to a significant portion 

of the ischemic myocardium. This small amount of perfusion provides such a level of 

oxygen delivery  that oxidative ATP synthesis from both glucose and free fatty acids 

greatly exceeds ATP synthesis from anaerobic glycolysis.46;47 Thus, a mixture of aerobic 

and anaerobic metabolism occurs. With progressively severe ischemia, anaerobic 

glycolysis becomes a progressively more important source of energy for a limited amount 

of ATP, which may or may not suffice to support the most essential cellular functions. 

Glycogen is rapidly mobilized during ischemia, and reduced glycogen concentrations 

impair force development, calcium release, and contractile function.48 Key intermediates 

of the Krebs cycle are also depleted, which may impair energy transfer.49 

The ischemia-mediated increase in glucose utilization is characterized by enhanced rates 

of exogenous glucose uptake in vivo, which requires greater rates of transport across the 
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plasma membrane.50;51 Of the seven reported members of the facilitative glucose 

transporter family, GLUT-4 and GLUT-1 are the primary forms expressed in adult 

mammalian heart muscle.52 During low-flow ischemia the expression of GLUT-4 is 

doubled.53 Insulin increases the translocation of GLUT-4 via a pathway mediated by 

phosphatidylinositol 3-kinase (PI3-K). During ischemia and hypoxia GLUT-4 translocation is 

stimulated through a PI3-K-independent pathway. AMP-activated protein kinase plays a 

role in the translocation during ischemia.54  

 

Table 2. Mechanisms of GIK infusion during myocardial ischemia62-64 

• The yield of moles of ATP per mole of oxygen consumed is 11 percent higher for 

glucose than for FFA oxidation 

• Anti FFA effects 

o Decrease of circulating FFA levels and myocardial FFA uptake 

o Increased esterification of intracellular FFA by increasing the supply of 

alpha-glycerophosphate 

• Increased rate of ATP synthesis via anaerobic glycolysis with consequent 

beneficial effects 

o Increased concentrations of phosphocreatine and ATP 

o Blunting of an increase in inorganic phosphate and ADP concentrations 

o Increased free energy yield from ATP hydrolysis 

• Increased myocardial glycogen 

• Improved sodium and calcium homeostasis 

• Increased tolerance to rises in intracellular calcium 

• Replenishment of citric acid cycle intermediates by anaplerosis 

• Increase of glucose and decrease of FFA oxidation during reperfusion 

• Activation of cell survival signalling pathways such as Akt 

 

Opie proposed the glucose hypothesis: the enhanced uptake and metabolism of glucose 

delays cellular damage.55;56  Glucose utilization during ischemia prevents the breakdown 

of glycogen stores and leads to increased net intramyocardial glycogen synthesis, thereby 

limiting enzymatic infarct size and contracture.47;57 Two studies showed that infusion of 

GIK in isolated hearts with regional ischemia resulted in decreased infarct size, increased 

high-energy phosphate levels, and improved ventricular function.58;59 Acute MI patients 

treated with GIK also showed better stress tolerance and ischemic threshold 

improvement, analyzed with technetium-99m-tetrofosmin-gated SPECT.60 The improved 

energetic profile results in improved systolic and diastolic function during ischemia and 

reperfusion, as well as coronary vasodilatation.47 Also, glucose uptake has been shown to 

reduce hypoxia-induced apoptosis in cultured neonatal rat cardiac myocytes.61 The 



Metabolic interventions in acute myocardial infarction 

 18 

observed benefits of GIK infusion have been attributed to a number of mechanisms, 

which are summarized in table 2 and in part discussed. 

 

Glucose 

The potential positive effects of glucose are based on the fact that glucose is a source of 

energy for cells.65 The uptake of glucose into the cell is influenced by insulin, although 

there is also an insulin-independent transport of glucose.66 It has been observed that 

AMP-activated protein kinase is responsible for activation of glucose uptake and 

glycolysis during low-flow ischemia.67 During MI, low-flow perfusion of the ischemic area 

is often present, making the administration glucose useful.48 In an experimental study it 

was observed that a high glucose concentration stimulated translocation of GLUT-4.68 It 

was already know that the combination of glucose and insulin is more effective than either 

one alone in stimulating glycolysis under ischemic conditions.47 

Administering glucose can prevent insulin-induced hypoglycemia. When the 

hypoglycemic episodes persist or when they are severe (<2.7 mmol/L), convulsions, brain 

damage and even brain death may occur.69 Hypoglycemia is also related to myocardial 

ischemia.70 It has been shown that the prevention of hypoglycemia can prevent an 

increase in enzymatic infarct size.71 When hypoglycemia occurs, the contraregulating 

hormones are activated and result in an increased release of glucose.72 Increased glucose 

release requires, in particular, an increase in glucagon and adrenaline. During MI the 

levels of glucagon, adrenaline and aldosteron among others are already elevated. 

 

Insulin 

The potential positive effects of insulin during stress situations are multifarious.73;74 First, 

insulin is involved in the uptake of glucose in tissues, including the myocardium, mainly 

through GLUT-4 and partly through GLUT-1.75 However, the exact amount of uptake 

during ischemia is disputable.76 Besides the stimulation of glucose uptake and the 

stimulation of glycogen synthesis, insulin is also involved in gene transcription, 

expression of various metabolic enzymes, the activation of various pathways with 

mitogenic activity, and even fatty acid uptake. The insulin receptor substrate 1 has an 

important role in realizing this pleiotrope.77 Both insulin-like growth factor (IGF) 1 and 

insulin inhibit postischemic apoptosis, energetic failure and damage to cardiac tissue, in 

vitro and in animals, possibly through reduced oxidative stress.78;79 Insulin increases the 

bio-availability of IGF1 and suppresses hepatic synthesis of IGF1-binding protein, which 

binds and limits free-circulating IGF1.80;81  

Insulin stimulates protein synthesis in skeletal muscles and inhibits intracellular protein 

breakdown in cardiac tissue.82-84 The preservation of myocardial cells by inhibiting 

apoptosis and reduced destruction of proteins could be the reason that contractibility is 
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preserved.85 An additional factor is that insulin potentiates ischemic preconditioning; 

however, this has not been proven irrefutably in clinical trials.86;87  

Insulin has an anti-inflammatory effect that is caused by a reduction in oxidative stress.88 

First, insulin reduces the pro-inflammatory effects of hyperglycemia. Insulin suppresses 

the production of tumor necrosis factor α in macrophages, leucocytes and endothelium.89 

Furthermore, insulin blocks the upregulation of the endothelial cell adhesion molecule 

induced by hyperglycemia.90;91 Also, insulin inhibits macrophage-inhibitory factor, and 

potentiates endothelial nitric oxide synthase and endothelin release.92 In a clinical study it 

appeared that the oxidative stress that occurs in myocardial ischemia and during 

reperfusion by primary PCI could not be suppressed by insulin.93 

Insulin is shown to influence the adhesion of leucocytes and blood platelets during an 

acute MI.94 A study with 48 patients with type 2 diabetes mellitus showed that intensive 

treatment with insulin during an acute ischemic event (i.e., acute MI or unstable angina 

pectoris) improves the fibrinolytic profile.95 The administration of insulin with the aid of an 

algorithm led to lower mean blood-glucose values (6.9 mmol/L versus 11.4 mmol/L) and 

to lower concentrations of tissue plasminogen activator, plasminogen activator inhibitor-1 

and fibrinogen. 

Insulin has vasodilating capacities in blood vessels of muscle tissue.96;97 Vasodilatation 

during myocardial ischemia has been observed both in patients with and without diabetes 

mellitus.97-99 This is advantageous, since it opens up the blood vessels in the myocardium, 

enabling more glucose to reach the cells and preventing the accumulation of metabolites 

that are toxic and cause mitochondrial damage and alterations in membrane ion 

channels.98;100 Vasodilatation occurs, among others, by stimulating the production of nitric 

oxide in the endothelium and by antagonizing endothelin, a potent vasoconstrictor.101;102 

Even a small increase in myocardial blood flow can significantly reduce myocardial 

ischemia.103 

Conversely, administering insulin can potentially lead to an adverse reaction.104 It might 

lead to enhanced polarisability of the cell membrane, stimulation of the sympathetic 

nervous system, and inhibition of the parasympathic nervous system. In contrast to the 

above-mentioned results, it was also found that insulin induced oxidative stress.105 The 

effect of insulin on nuclear factor-κB (NF-κB) remains unclear.88;106 In an experimental 

setting insulin in high amounts has inhibitory effects on intermediates involved in the 

activation by platelet-derived growth factor.107 

 

Potassium 

It appears that hypokaliemia during stress situations is disadvantageous.108;109 

Hypokaliemia frequently occurs in trauma patients and has been associated with a worse 

score on the Glasgow Coma Score (GCS).110 Moreover, hypokaliemia has been associated 
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with muscle necrosis and paralysis. In patients with myocardial ischemia, hypokaliemia 

increases the risk of ventricular arrhythmias and acute cardiac arrest.111 Restoring the 

potassium concentration in the cell and in serum may be accompanied by a decrease in 

the incidence and severity of arrhythmias.112 However, when the effect of GIK infusion on 

QT-time was analyzed, no effect was found.113 Consequently, administration of potassium 

in stress situations is mandatory to patients who present with hypokaliemia as well as to 

patients treated with insulin in order to prevent hypokaliemia. Moreover, hypokaliemia 

appears to suppress the secretion of insulin, and in this way stimulates a (continued) state 

of hyperglycemia.114 

 

This thesis 

 

This thesis is a new branch on the large tree of studies on optimal therapeutic strategy for 

and understanding of ST segment elevation MI. In 1989, the Zwolle Myocardial Infarction 

Study Group performed its first study of comparing PCI with streptokinase. Thereafter 

studies on the effect of primary PCI, stenting, intra-aortic balloon counterpulsation, 

prehospital treatment with heparin and glycoprotein IIb/IIIa receptor blockers have been 

reported. Over the last years more research has been done to investigate the causative 

mechanisms behind favorable and unfavorable outcome after treatment with primary PCI. 

Currently, special emphasis is given to the effect of glucose derangements and patients 

with diabetes mellitus. The concept to add a metabolic intervention to the treatment 

strategy of primary PCI was formulated in 1997. 

 

The purpose of this thesis is to investigate the effect of metabolic interventions and 

disturbances on the clinical outcome and myocardial function in ST segment elevation MI 

patients. Therefore, we have investigated whether GIK infusion in adjunction to primary 

PCI reduces 30-day (Chapter 2.1) and 3-year mortality (Chapter 2.6) in ST segment 

elevation MI patients. We also investigated the effects of GIK infusion on myocardial 

infarct size (Chapter 2.2), left ventricular function (Chapters 2.2 and 2.3) and ST segment 

elevation resolution (Chapter 2.4). Furthermore, we investigated the metabolic 

derangements induced by GIK infusion, and the impact of metabolic derangements on 

clinical outcome (Chapter 2.5). With the results of the GIPS we performed a new analysis 

on all available results of GIK infusion on 30-day mortality (Chapter 3).  

In the second part of this thesis we report our studies on the relation between 

hyperglycemia and outcome. Based on a large body of evidence it is known that 

hyperglycemia at admission is related to mortality. We were able to analyze the effect of 

admission hyperglycemia on myocardial function (Chapter 4.1). The predictive value of 
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admission glucose is not strong and we hypothesized that persistent hyperglycemia in 

both critically ill patients admitted to a Coronary Care Unit (Chapter 5.1) and an Intensive 

Care Unit (Chapter 5.2 and 5.3) could be a better determinant for unfavorable outcome. 

Based on the results found in the above-mentioned studies, we wrote the protocol of the 

GIPS-2 a multi-center trial on the effect of GIK infusion in ST segment elevation MI 

patients without signs of heart-failure and eligible for reperfusion therapy (Chapter 6). 

Finally, this thesis purposes to give future directions for the implementation of metabolic 

interventions in critically ill patients (Chapter 7).  
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Abstract 

 

Background 

A combined treatment of early and sustained reperfusion of the infarct-related coronary 

artery and the metabolic modulation with GIK infusion has been proposed to protect the 

ischemic myocardium. 

Methods 

From April 1998 to September 2001, 940 patients with an acute MI and eligible for PCI 

were randomly assigned, by open-label, to either a continuous GIK infusion for 8-12 hours 

or no infusion.  

Results 

30-day mortality was 23 of 476 patients (4.8%) receiving GIK compared to 27 of 464 

patients (5.8%) in the control group, relative risk 0.82 (95% CI 0.46–1.46). In 856 patients 

(91.1%) without signs of heart failure (Killip class 1), 30-day mortality was 5 of 426 patients 

(1.2%) in the GIK group versus 18 of 430 patients (4.2%) in the control group, relative risk 

0.28 (0.1–0.75). In 84 patients (8.9%) with signs of heart failure (Killip class ≥2), 30-day 

mortality was 18 of 50 patients (36%) in the GIK group versus 9 of 34 patients (26.5%) in 

the control group, relative risk 1.44 (0.65–3.22). 

Conclusion 

GIK infusion as adjunctive therapy to PCI in acute MI did not result in a significant 

mortality reduction in all patients. In the subgroup of 856 patients without signs of heart 

failure a significant reduction was seen. The effect of GIK infusion in patients with signs of 

heart failure (Killip class ≥2) at admission is uncertain. 
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Introduction 

 

Since the early sixties, glucose-insulin-potassium (GIK) infusion has been advocated as 

therapy in the early hours following acute myocardial infarction (MI).1 A meta-analysis 

involving nine of these early studies with 1932 patients described that GIK might play an 

important role in reducing in-hospital mortality after acute MI.2 In four studies in which a 

high-dose was used a non-significant reduction in mortality from 12% in the control group 

to 6.5% in the GIK group was observed.3-6 High-dose GIK denotes an infusion of 30 g of 

glucose, 50 units of insulin, and 80 mmol potassium per liter at a rate of 1.5 mL/kg/hour.7 

This dose of GIK suppresses arterial free fatty acid levels and myocardial free fatty acid 

uptake, and induces a maximal increase in myocardial glucose uptake. Therefore the main 

effect of the GIK infusion is considered to be the beneficial effect of administration of 

glucose to the ischemic myocardium.8-10  

At present, primary coronary intervention (PCI) is regarded to be the most effective 

reperfusion treatment of acute MI.11-13 The complementary role of GIK to reperfusion 

therapy has been proposed.14;15 Therefore, we performed a randomized trial to investigate 

the value of GIK when combined with PCI for acute MI. 

 
 
Methods 

 

Patients 

All consecutive patients with symptoms consistent with acute MI of >30 minutes duration, 

presenting within 24 hour after the onset of symptoms and with a ST segment elevation of 

more than 1 mm (0.1 mV) in two or more contiguous leads on the electrocardiogram, or 

new onset left bundle branch block, were evaluated for inclusion in this single center 

study. Both patients presented at our center and patients referred for treatment of high-

risk MI, from nine referring hospitals without facilities to perform coronary interventions, 

were included. Patients were excluded when pre-treated with thrombolysis or when an 

illness associated with a marked restricted life expectancy was present. Before 

randomization baseline characteristics were recorded. The research protocol was 

reviewed and approved by the medical ethics committee at our hospital, and patients 

were included after informed consent. 

 

Protocol 

After admission patients were randomly assigned, with the use of a computerized 

randomization program, to either GIK infusion or no infusion. In the GIK group, a 

continuous infusion of 80 mmol potassium chloride in 500 mL 20% glucose with a rate of 
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3 mL/kg/hour over an 8-12 hour period in a peripheral venous line was given, as soon as 

possible. A continuous infusion of short-acting insulin (50 units Actrapid HM [Novo 

Nordisk, Copenhagen, Denmark] in 50 mL 0.9% sodium chloride was started with the use 

of a pump (Perfusor-FM, B. Braun, Melsungen, Germany). Baseline insulin-infusion dose 

and adjustments of the insulin dose, to obtain blood-glucose levels between 7.0 and 11.0 

mmol/L, were based on a modified algorithm.16 Glucose levels were based on 

measurements of whole-blood glucose (Modular System, Roche/Hitachi, Basel, 

Switzerland). The infusion was continued for 8 to 12 hour period in order to administer at 

least 1.5 liter and not over 2 liters. The infusion was stopped earlier only if the clinical 

situation deteriorated due to volume overload.  

After the infusion was started, all patients went to the catheterization laboratory where 

both coronary arteries were visualized. PCI was performed with standard techniques if the 

coronary anatomy was suitable for PCI. Successful reperfusion was defined by TIMI grade 

3 blood flow in combination with myocardial blush grades 2 and 3.17;18 Additional standard 

treatment consisted of nitroglycerin intravenously, and aspirin 500 mg intravenously or 

300 mg orally. During PCI 10000 IU heparin was administered as bolus. Low molecular 

weight heparin was given for 24 hours thereafter. Standard therapies after PCI included 

aspirin 80 mg, clopidogrel 75 mg, beta-blockers, lipid lowering agents and angiotensin 

converting enzyme inhibitors or angiotensin II receptor blockers since they are likely to be 

protective in most patients, were used according to the current international 

guidelines.19;20 

 

Statistical analysis  

The primary endpoint of the study was 30-day mortality. Secondary endpoints were 

recurrent infarction, repeat PCI and the composite incidence of death, recurrent infarction, 

or repeat PCI. The incidence of death was evaluated in predefined subgroups including 

age <60 year versus ≥60 year, men versus women, anterior MI versus non-anterior MI, 

diabetics versus non-diabetics, and Killip class 1 versus Killip class ≥2, successful 

reperfusion versus no successful reperfusion. Analyses were performed according to the 

intention-to-treat principle. Relative risks were calculated by dividing the cumulative 

incidence rate in the GIK group by the cumulative incidence rate in the control group. 

Differences between group means at baseline were assessed with the two-tailed Student’s  
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Table 1. Baseline clinical and demographic characteristics and initial therapies 

Characteristics GIK group Control group 

Number of patients 476 464 

Age, years (mean±SD) 59.9±11.9 60.8±12.0 

Men 351 (73.7) 368 (79.3) 

Referred patients 201 (42.3) 180 (38.8) 

Body mass index (mean±SD) 26.7±3.8 27.0±4.0 

Previous MI 52 (10.9) 53 (11.4) 

Previous PCI 22 (4.7) 24 (5.2) 

Previous CABG 14 (2.9) 12 (2.6) 

History of stroke 17 (3.6) 15 (3.2) 

Diabetes mellitus 50 (10.5) 49 (10.6) 

Hypertension 134 (28.2) 130 (28.0) 

Dyslipidemia 94 (19.7) 95 (20.5) 

Currently smoker 225 (47.3) 237 (51.1) 

Positive family history 195 (41.0) 179 (38.6) 

Time to admission, min (IQR)* 150 (100-215) 150 (105-234) 

Door to balloon time, min (IQR) 45 (31-64) 48 (34-69) 

Killip class 1 426 (89.5) 430 (92.7) 

Killip class 2 24 (5.0) 14 (3.0) 

Killip class 3 14 (2.9) 14 (3.0) 

Killip class 4 12 (2.5) 6 (1.3) 

Anterior MI  250 (52.9) 224 (49.1) 

Multi-vessel disease 249 (52.3) 242 (52.2) 

PCI  436 (91.6) 424 (91.4) 

Stent** 255 (58.5) 236 (55.7) 

GP IIb/IIIa receptor blocker** 96 (22.1) 109 (25.7) 

In-hospital CABG 19 (4.0) 19 (4.1) 

TIMI 3 flow after PCI 459 (96.4) 435 (93.8) 

Successful reperfusion‡ 394 (82.8) 384 (82.8) 

Intra-aortic balloon pump 45 (9.5) 42 (9.1) 

Mechanical ventilation 12 (2.5) 4 (0.9) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. * Time 

to admission denotes time between onset of symptoms and until admission. † In-hospital CABG = 

CABG defined as patients treated initially conservative, followed by elective CABG within 7 days. ‡ 

Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3. ** Percentage defined as the 

percentage of the patients that underwent PCI. 
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t-test. Chi-square analysis or Fisher’s exact test was used to test differences between 

proportions. Survival was calculated by the Kaplan-Meier product-limit method. The Log-

rank test was used to evaluate differences in survival curves between the two treatment 

groups. The Cox proportional-hazards regression model was used to calculate relative 

risks adjusted for differences in baseline characteristics. Statistical significance was 

considered a two-tailed P-value <0.05. The Statistical Package for the Social Sciences 

(SPSS Inc., Chicago, IL, USA) version 10.1 was used for all statistical analysis. 

 

Figure1. Kaplan-Meier curve of the overall population 

0 5 10 15 20 25 30
0

Control
GIK

60

70

80

90

100

Time after randomization (days)

Su
rv

iv
al

 (%
)

 

 

Power analysis 

We postulated that infusion with GIK would induce a risk reduction of 66 percent.14 With 

an estimated absolute mortality rate of 6% in the control group, a power of 0.80 and an α 

of 0.05, 820 patients needed to be included in the study. In order to have 820 patients in 

each major predefined subgroup (patients in Killip class 1, patients without diabetes 

mellitus, and patients with successful reperfusion), we planned to enrol 940 patients. 

Interim analysis with regard to safety was planned and performed after inclusion of 240 

patients, and the study was continued according to protocol. Enrolment of patients started 

in April 1998 and ended September 2001. 
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Results 

 

Study population 

Of the 940 patients enrolled, 476 patients were randomly assigned to the GIK group and 

464 patients to the control group. Table 1 shows clinical and demographic characteristics 

of the groups. With the exception of gender there were no statistical significant 

differences between both groups. GIK infusion was started 15 to 20 minutes after 

admission. Average door to balloon time was 45 minutes in the GIK group and 48 minutes 

in the control group. After coronary angiography, 860 patients (90.5%) underwent PCI, 38 

patients (4.0%) were referred for CABG within 7 days after initial stabilization, and 42 

patients (4.5%) were treated conservatively. There were no major differences in blood-

glucose levels between the GIK group and the control group at admission (median blood-

glucose level 8.5 mmol/L in both groups) and 16 hours after admission. 

 

Figure 2. Kaplan-Meier curve of Killip class 1 and Killip class ≥2 patients 
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30-day mortality 

Fifty of 940 patients (5.3%) had died at 30 days. Twenty-three of 476 patients (4.8%) in the 

GIK group versus 27 of 476 patients (5.8%) in the control group, relative risk 0.82 (95% 
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confidence interval 0.46–1.46) (table 2, figure 1). Causes of death are represented in table 

5. In 856 of the 940 patients (91.1%) without signs of heart failure (Killip class 1), the 

mortality rate was 5 of 426 patients (1.2%) in the GIK group versus 18 of 430 patients 

(4.2%) in the control group, relative risk 0.28 (0.1–0.75) (table 2, table 4, figure 2). In this 

subgroup of patients a higher number of patients died of heart failure in the control group 

(0.7% in the GIK group versus 2.8% in the control group) (table 5). In the 84 patients 

(8.9%) with signs of heart failure (Killip class ≥2), mortality rate was 18 of 50 patients 

(36%) in the GIK group versus 9 of 34 patients (26.5%) in the control group, relative risk 

1.44 (0.65–3.22). In this subgroup of patients 34.0% in the GIK group versus 20.6% in the 

control group died of heart failure (table 5, figure 2).  

 

Table 2. Effect of GIK on 30-day mortality in the overall population and in subgroups 

Characteristic GIK group 

mortality (%) 

Control group 

mortality (%) 

RR (95% CI) P-value 

All patients 23/476 (4.8) 27/464 (5.8) 0.82 (0.46–1.46) 0.50 

<60 year 7/235 (3.0) 6/204 (2.9) 1.01 (0.34–3.07) 0.98 

≥60 year 16/241 (6.6) 21/260 (8.1) 0.81 (0.41–1.59) 0.54 

Men 9/351 (2.6) 16/368 (4.3) 0.58 (0.25–1.33) 0.19 

Women 14/125 (11.2) 11/96 (11.5) 0.98 (0.42–2.26) 0.95 

Time ≤180 min 9/304 (3.0) 13/288 (4.5) 0.65 (0.27–1.53) 0.32 

Time >180 min 14/172 (8.1) 14/176 (8.0) 1.03 (0.47–2.20) 0.94 

Diabetes mellitus 2/50 (4.0) 6/49 (12.2) 0.30 (0.06–1.56) 0.16 

No diabetes mellitus 21/426 (4.9) 21/415 (5.1) 0.97 (0.52–1.81) 1.00 

Killip class 1 5/426 (1.2) 18/430 (4.2) 0.27 (0.10–0.74) 0.01 

Killip class 2 3/24 (12.5) 2/14 (14.3) 0.86 (0.13–5.87) 0.88 

Killip class 3 7/14 (50.0) 4/14 (28.6) 2.50 (0.53–11.93) 0.25 

Killip class 4 8/12 (66.7) 3/6 (50.0) 2.00 (0.27–14.78) 0.49 

Anterior MI 18/250 (7.2) 19/224 (8.5) 0.84 (0.43–1.64) 0.60 

Non-anterior MI 5/226 (2.2) 8/240 (3.3) 0.66 (0.21–2.04) 0.46 

Multi-vessel disease 19/249 (7.6) 24/242 (9.9) 0.75 (0.40–1.41) 0.37 

Single-vessel disease 4/227 (1.8) 3/222 (1.4) 1.31 (0.29–5.91) 0.73 

TIMI 3 flow after PCI 17/459 (3.7) 20/435 (4.6) 0.80 (0.41–1.55) 0.51 

No TIMI 3 flow after PCI 6/17 (35.3) 7/29 (24.1) 1.71 (0.46–6.35) 0.51 

Successful* 9/394 (2.3) 16/384 (4.2) 0.54 (0.24–1.23) 0.14 

No successful 14/82 (17.1) 11/80 (13.8) 1.29 (0.55–3.05) 0.56 

Relative risks were determined by dividing the cumulative incidence rates in the GIK group and the 

control group. RR = relative risk; CI = confidence interval; MI = myocardial infarction; TIMI = 

Thrombolysis in Myocardial Infarction. * Successful reperfusion denotes TIMI 3 flow and blush 

grade 2 or 3. 



GIK and 30-day outcome 

 37 

In 99 patients (10.5%) with a history of diabetes mellitus, 2 of the 50 patients (4.0%) in the 

GIK group died versus 6 of 49 patients (12.2%) in the control group, relative risk 0.30 

(0.06–1.56). Mortality rates in the other predefined subgroups are shown in table 2. Figure 

3 shows relative risks and 95% confidence intervals in each subgroup. Recurrent 

infarction occurred in 11 patients: 4 patients (0.8%) in the GIK group and 7 patients (1.5%) 

in the control group, relative risk 0.55 (0.16–1.90) (table 4). The composite endpoint was 

comparable in the GIK group and the control group, relative risk 0.79 (0.50–1.24). In 

patients without heart failure (Killip class 1) the composite endpoint showed a significant 

advantage of GIK, relative risk 0.48 (0.27–0.87). Age, gender, previous MI, smoking status, 

Killip class, anterior MI, and multi-vessel disease were associated with 30-day mortality in 

the overall population. 

 

In multivariate analysis in the overall study age, gender, previous MI, anterior MI, Killip 

class, and multi-vessel disease remained independent prognostic factors for 30-day 

mortality. After adjustment for these factors in the overall population, relative risk of 

mortality with GIK became 0.61 (0.34–1.10, P=0.09). In the group of Killip class 1 patients 

the beneficial effect of GIK remained significant with an adjusted relative risk of 0.28 (0.10–

0.77, P=0.01). 

 

Discussion 

 

The 30-day mortality rate was lower in the GIK group (4.8%) compared to the control 

group (5.8%), but was not statistically significant. In the large predefined subgroup of 856 

patients without signs of heart failure (Killip class 1), a significant reduction of mortality 

was seen (1.2% in the GIK compared to 4.2% in the control group). In the 84 patients with 

signs of heart failure (Killip class ≥2) we did not observe a significant difference in 

mortality between the two groups. In the other predefined subgroups, such as patients 

with successful reperfusion, GIK did not result in a significant beneficial effect (P=0.14, 

table 2). The definition of several subgroups, particularly with small number of patients, 

carries the risk of finding significance due to chance alone, i.e. either beneficial or 

detrimental. Nevertheless, the principal finding of benefit of GIK in patients without signs 

of heart failure and in particular the relative risk and confidence interval (figure 3) are 

unlikely caused by chance. 

 

Previous studies with GIK 

The beneficial effect of GIK in acute MI has been suggested by several clinical 

studies.3;4;6;21-25 The first small study that combined GIK with thrombolysis reported an 
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improved ejection fraction and wall motion.5 In the Estudios Cardiologicos Latinoamerica 

(ECLA) pilot trial a beneficial effect on in-hospital mortality was observed primarily in the 

subgroup of patients in which GIK was combined with thrombolysis.14 

 

Figure 3. Relative risk of GIK on 30-day mortality in overall population and in predefined 

subgroups 
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However, the Polish-Glucose-Insulin-Potassium (Pol-GIK) trial with 954 patients using low-

dose GIK, mortality in the GIK group was even significantly higher than in the control 

group (8.9% versus 4.8%, P=0.01).26 When compared to the results of the ECLA pilot trial 

of the subgroup of 252 patients treated with GIK and reperfusion the mortality rate 

reduction in our study, i.e. 1% in the overall population, was much smaller.14 
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Several facts could explain the difference between both studies. First, all patients in both 

groups of our study were treated with PCI compared to prior studies which used 

preferentially thrombolysis or no reperfusion therapy. Secondly, the mortality rate is low, 

due to the effect of our standard care for patients with acute MI, i.e. the short time from 

onset of symptoms to treatment, the use of additional therapies, and a high rate of 

stenting (57.1%). Thirdly, in our study the number of patients with signs of heart failure at 

admission was much higher than in the ECLA pilot trial. In this subgroup of patients an 

increased mortality rate was observed in our study. It is harder to reduce the mortality 

even more in a population with such a low mortality rate. The mortality rate in the control 

group in the ECLA pilot trial was 15.2%, a percentage that was even higher than the 

mortality rate of patients in the control group of patients that did not receive reperfusion 

therapy. 

 

GIK in patients with signs of heart failure 

The effect of GIK infusion in patients with signs of heart failure (Killip class ≥2) is uncertain. 

In spite of liberal use of intra-aortic balloon pumping (9.3%), more patients in the GIK 

group needed mechanical ventilation (2.5% in the GIK group versus 0.9% in the control 

group). Heart failure was an important cause of death in patients admitted with Killip class 

≥2, see table 5. Therefore it is a possibility that in some patients the potential positive 

effects of GIK on metabolism were overruled by a negative effect of the volume load on 

the hemodynamic state.27-29 For a patient of 80 kg in our study, our infusion rate resulted 

in the infusion of 1920 ml in 8 hours. Administering such a volume load to patients with an 

impaired left ventricular function may induce hemodynamic instability, even though the 

metabolic effect may be beneficial. However, we did not expect this infusion rate to be 

detrimental since in early studies hemodynamic disturbances, such as pulmonary 

congestion, dyspnoea, and oedema, occurred in only 1-3% of patients treated with GIK.3 

In experimental and clinical studies, the infusion of insulin and glucose did increase the 

contractile force30-32, although others found that GIK made no differences on 

hemodynamic parameters.6 

 

Studies with strict glucose regulation 

In the Diabetes Insulin-Glucose in Acute Myocardial Infarction (DIGAMI) study with 620 

patients with an acute MI and diabetes mellitus or glucose at admission >11.0 mmol/L, 

the combination of insulin-glucose infusion followed by intensive insulin treatment 

resulted in better glucose regulation in the insulin-glucose group.16 At 1-year follow-up, 

mortality was lower in the insulin-glucose group, with 18.6% versus 26.1% in the control 

group (P=0.03).33;34 



GIK and 30-day outcome 

 41 

It is suggested that GIK is mainly beneficial by the effects of insulin on the myocardium 

and the whole body.35-37 Results of a study of intensive insulin therapy in critically ill 

patients to maintain blood glucose between 4.4 mmol/L and 6.1 mmol/L gives direction 

for future research in which metabolic interventions in acute MI are directed towards strict 

glucose regulation.38;39 

 

Table 4. Clinical endpoints at 30 days in overall population and Killip class 1 patients 

 GIK Control RR* Adjusted RR* P-value 

Overall population N=476 N=464    

Death 23 (4.8) 27 (5.8) 0.82 (0.46–1.46) 0.61 (0.34–1.10) 0.09 

Recurrent MI 4 (0.8) 7 (1.5) 0.56 (0.16–1.90) 0.42 (0.12–1.51) 0.19 

Repeat PCI 16 (3.4) 20 (4.3) 0.77 (0.40–1.49) 0.74 (0.38–1.44) 0.37 

Composite endpoint 38 (8.0) 46 (9.9) 0.79 (0.50–1.24) 0.68 (0.44–1.05) 0.08 

Killip class 1 N=426 N=430    

Death 5 (1.2) 18 (4.2) 0.28 (0.10–0.75) 0.28 (0.10–0.77) 0.01 

Recurrent MI 3 (0.7) 6 (1.4) 0.50 (0.13–2.02) 0.39 (0.09–1.63) 0.20 

Repeat PCI 12 (2.8) 18 (4.2) 0.66 (0.32–1.40) 0.64 (0.30–1.33) 0.23 

Composite endpoint 18 (4.2) 36 (8.4) 0.48 (0.27–0.87) 0.47 (0.27–0.83) 0.01 

Data are RR and 95% confidence interval. Relative risk adjusted for age, gender, history, Killip class, 

infarct location, and multi-vessel disease by using Cox proportional hazards regression. In subgroup 

of Killip class 1 patients RR adjusted for age, gender, history of MI, infarct location and multi-vessel 

disease. † P-value for adjusted relative risk. ‡ Repeat PCI denotes coronary angioplasty after initially 

conservative or coronary angioplasty within 30 days. § Composite endpoint denotes the occurrence 

of death or recurrent infarction or repeat PCI. PCI = percutaneous coronary intervention, RR = 

relative risk, CI = confidence interval. 

 

GIK and time to reperfusion 

It has been postulated that through reduction in the extent of ischemic myocardial 

damage and suppression of free fatty acid levels, GIK therapy prevents reperfusion 

injuries that may occur after successful revascularization.3 Protection of the cell membrane 

of ischemic cardiac cells may also improve reflow after reperfusion and protect against no 

reflow phenomenon by reducing cell swelling and microvascular compression. It has been 

estimated that GIK therapy has the potential to protect ischemic myocardium before 

reperfusion for 10 hours or even longer.40 Our study offered the opportunity to analyse the 

effect of GIK in patients with different ischemic time, i.e. time to admission and door to 

balloon time. We could not find a clear relation between the time delays and the effect of 

GIK (table 2, table 3). 
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Adverse effects 

With the possible exception of volume overload in patients with Killip class ≥2 there were 

no major adverse effects of GIK. Phlebitis did not occur in our study, even though the 

majority of patients received the infusion via a peripheral venous line. It is most likely that 

this is due to the short infusion period, maximally 12 hours. In the ECLA pilot trial, 17% 

did developed mild phlebitis and only 2% developed severe phlebitis after 24 hour of GIK 

infusion.14 

 

Table 5. Causes of death in GIK group and control group 

 Killip class 1 Killip class ≥2 

 GIK group Control group GIK group Control group 

Number of patients 426 430 50 34 

Cardiac     

Myocardial rupture 1 (0.2) 1 (0.2) - 2 (5.9) 

Recurrent infarction - 1 (0.2) 1 (2.0) - 

Heart failure 3 (0.7) 12 (2.8) 17 (34.0) 7 (20.6) 

Sudden death - 3 (0.7) - - 

Non-cardiac 1 (0.2) 1 (0.2) - - 

All causes 5 (1.2) 18 (4.2) 18 (36.0) 9 (26.5) 

Data are number (%). Percentage defined as the percentage of all patients in the subgroup. 

Study limitations 

With the observed low mortality rates in the GIK group and control group in the overall 

population our study could not detect a significant difference in mortality. A more realistic 

risk reduction for future research may be a risk reduction of 30% in patients with Killip 

class 1. Therefore, in future studies over 2000 patients have to be included. By including 

940 patients in our present study, the number of patients in some of the subgroups, such 

as in patients with a history of diabetes mellitus, were too small to draw definite 

conclusions. The subgroups of patients in our study were predefined, but we did not use 

a method to correct for multiple comparisons to analyze them. The role of GIK in patients 

with signs of heart failure is unclear and the volume load may be detrimental. A more 

tailored approach in patients with heart failure at admission seems warranted, such as the 

admission of glucose 30% or an infusion of no more than 500 ml or a period of infusion of 

12 to 24 hours.3 Alternatively, in these patients the GIK infusion should be combined with 

other measures such as continuous monitoring of hemodynamic parameters.30 Our study 

had an open-label design, since the need to administer a large volume of fluid, frequent 

blood-glucose monitoring and adjustments of the insulin dose in the study group is both 

unethical and unpractical to organize in a placebo-controlled study. 
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Conclusion 

 

GIK infusion as adjunctive therapy to PCI in acute MI seems promising. In the large 

subgroup of patients without signs of heart failure (over 90% of all patients) we did find a 

significant beneficial effect. The favourable results of GIK in patients without signs of heart 

failure did encourage us to start a large, multi-center, randomized trial to determine the 

optimal metabolic management in patients with a heart rate <90 beats/min, a systolic 

blood pressure >100 mmHg, and no third heart sound or pulmonary rales. Alternative 

regimens for metabolic intervention may be necessary for patients with signs of heart 

failure. 
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Abstract 

 

Background 

Favorable clinical outcomes have been observed with glucose-insulin-potassium infusion 

(GIK) in acute myocardial infarction (MI). The mechanisms of this beneficial effect have not 

been delineated clearly. GIK has metabolic, anti-inflammatory and profibrinolytic effects 

and it may preserve the ischemic myocardium. We aimed to assess the effect of GIK 

infusion on infarct size and left ventricular function, as part of a randomized controlled 

trial. 

 

Methods 

940 patients treated with primary percutaneous coronary intervention (PCI) for acute MI 

were randomized to GIK infusion or no infusion. Endpoints were the creatine kinase MB-

fraction (CK-MB) and left ventricular ejection fraction (LVEF). CK-MB levels were 

determined at 0, 2, 4, 6, 24, 48, 72 and 96 hour after admission and the LVEF before 

discharge. 

 

Results 

There was no difference in the time course or magnitude of CK-MB release between the 2 

groups: peak CK-MB level was 249±228 IU/L in the GIK group versus 240±200 IU/L in the 

control group (NS). The mean LVEF was 43.7±11.0 % in the GIK group versus 42.4±11.7% 

in the control group (P=0.12). A LVEF ≤30% was observed in 18% in the controls and in 

12% in the GIK group (P=0.01). 

 

Conclusion 

Treatment with GIK preserves myocardial function as determined by LVEF. No effect was 

observed on the pattern or magnitude of enzyme release. 
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Introduction 

 

Glucose-insulin-potassium (GIK) infusion in acute myocardial infarction (MI) has been 

suggested to be of clinical benefit.1-4 Both animal studies and early studies in patients 

investigating the influence of GIK on infarct size have shown conflicting results.5-14 

Experimental studies on the effect of GIK on preservation of left ventricular function, as 

determined by hemodynamic parameters, demonstrated a beneficial effect.15;16 

Furthermore, in a small study in patients with acute MI treated with thrombolysis there 

was a significant improvement in left ventricular function over a 10 day period 17. Recently, 

a small randomized trial has suggested a beneficial effect of the addition of GIK to primary 

PCI in 37 patients.18 Unfortunately, two large studies of GIK in the era of reperfusion did 

not report detailed information on the effects of GIK on myocardial function.1;17;19 The 

Polish-Glucose-Insulin-Potassium (Pol-GIK) trial with 954 patients using low-dose GIK, 

found no difference between median creatine kinase (CK) levels (920 IU/L in GIK patients 

versus 925 IU/L in controls).19 Recently, in the Reevaluation of Intensified Venous 

Metabolic Support for Acute Infarct size Limitation (REVIVAL) trial with 312 MI patients the 

combination of GIK and primary PCI had no effect on myocardial salvage.20 In the 

Glucose-Insulin-Potassium Study (GIPS) with GIK infusion as adjunctive therapy to 

primary PCI in acute MI the 30-day mortality was not significantly reduced in the overall 

population.4 In the predefined subgroup of patients without heart-failure at admission 

mortality was 1.2% in GIK patients versus 4.2% in controls (P=0.01). In this study we were 

able to determine the effect of GIK on cumulative enzyme release and left ventricular 

ejection fraction. 

 

Methods 

 

Study population 

Outline of the study and 30-day clinical follow-up have been reported 4. All consecutive 

patients with symptoms consistent with acute MI of >30 minutes duration, presenting 

within 24 hours after the onset of symptoms and with ST segment elevation of more than 

1 mm (0.1 mV) in two or more contiguous leads on the electrocardiogram were evaluated 

for inclusion in this study. Patients were excluded when pre-treated with thrombolysis or 

when an illness associated with a marked restricted life expectancy was present. Before 

randomization, age, gender, history of coronary artery bypass grafting (CABG), previous 

PCI, stroke and MI, existence of diabetes mellitus, smoking status, heart rate, arterial 

pressure, body mass index, Killip class, electrocardiographic site of infarction, time of 

onset of symptoms, time of hospital admission in both referring hospital and in our 

hospital were recorded. The research protocol was reviewed and approved by the 
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medical ethics committee of our hospital, and patients were included after informed 

consent. 

 

Treatment protocol 

Patients were randomly assigned to either GIK infusion or no infusion. Assignments to the 

treatment groups were made with the use of a computerized randomization program. In 

the GIK group, a continuous infusion of 80 mmol potassium chloride in 500 mL 20% 

glucose with a rate of 3 mL/kg/hour in a peripheral venous line was given. A continuous 

infusion of short-acting insulin (50 units Actrapid HM-Novo Nordisk, Copenhagen, 

Denmark) in 50 mL 0.9% sodium chloride was also started with the use of a pump 

(Perfusor-FM, B. Braun, Melsungen, Germany). Baseline insulin-infusion dose and hourly 

adjustments of the insulin dose were based on an algorithm, to obtain blood-glucose 

levels between 7.0 and 11.0 mmol/L, based on measurements of whole-blood glucose 

concentration. The infusion was started as soon as possible after randomization. 

All patients went to the catheterization laboratory as soon as possible after admission and 

randomization. At the laboratory both coronary arteries were visualized. PCI was 

performed with standard techniques if the coronary anatomy was suitable for angioplasty. 

Additional treatment consisted of unfractionated intravenous heparin, nitroglycerin and 

aspirin. After sheath removal, low-molecular-weight heparin was given for 24 hours. 

Before discharge additional pharmacological treatment consisting of aspirin, clopidogrel, 

coumarins, beta-blockers, angiotensin-converting enzyme inhibitors, and statins were 

initiated according to the guidelines of the American College of Cardiology/American 

Heart Association.20 Enrollment of patients started in April 1998 and ended September 

2001. 

 

Measurements 

Enzymatic infarct size was estimated by serial measurements of CK-MB fraction. The first 

measurement was taken as soon as possible after admission. Thereafter frequent CK-

determinations were performed according to a schedule that called for 4 to 8 

measurements in the first 96 hours. To accommodate the problem in practice that exact 

predefined times for blood sampling were not always followed, the actual times of 

sampling, expressed as minutes after the moment of randomization were recorded.  To 

allow optimal comparison of the time courses of CK-MB levels and to best approximate 

the area under the CK-MB curves we developed an algorithm. The algorithm estimated 

the time course of CK-MB for each patient before calculating means for patient groups. 

According to the known kinetics of CK-MB that with a rapid rise and a much slower 

decrease the following characteristic time points with accompanying time intervals with 

defined: 0 hr (interval from 60 min before to 45 min after randomization); 2 hr (45min to  3 
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hr); 4 hr (3hr to 5 hr); 6 hr (5hr to 12hr);  24hr (12hr to 36hr);  48hr (36hr to 60hr); 72hr 

(60hr to 84hr) and  96hr (84hr to 108hr). Per patient the algorithm interpolated the CK-MB 

levels based on the precise times the measurements were performed. Next it determined 

for each of the predefined intervals if an actual measurement had been performed in that 

interval. If no measurement was available for a particular interval a ‘not available’ value 

was generated for that interval. Accordingly inappropriately interpolated values were 

avoided. If one or more measurements were available for an interval, the CK-MB value for 

the time point with the corresponding interval was calculated from the area under the 

interpolated curve was divided by the duration of that interval. CK-MB was determined 

enzymatically on a Hitachi 717 automatic analyzer according to the International 

Federation of Clinical Chemistry (IFCC) recommendation at 30 degrees Celsius. A peak CK-

MB above the 75% percentile (i.e. the highest quartile) was defined as high enzyme 

release. Time to peak CK-MB was determined.  

Left ventricular ejection fraction (LVEF) was measured before discharge by radionuclide 

ventriculography or by echocardiography. Radionuclide ventriculography was performed 

with the multiple gated equilibrium method following the labeling of red blood cells of the 

patient with technetium-99m-pertechnate. A General Electric 300 gamma camera with a 

low-energy all-purpose parallel-hole collimator was used. Global ejection fraction was 

calculated by a General Electric Star View computer using the fully automatic PAGE 

program. Two-dimensional echocardiography was performed by observers who were 

unaware of the randomization outcome and clinical data. A LVEF ≤30% was defined as a 

poor left ventricular function. 

 

Statistical analysis 

All analyses were by intention to treat. Endpoints were pattern and magnitude of CK-MB 

release, peak CK-MB, high enzymatic enzyme release, defined as a peak enzyme release in 

the highest quartile; mean LVEF, and a LVEF lower than or equal to 30%. To allow 

comparison of the patterns of CK-MB release, the CK-MB values at 0, 2, 4, 6, 24, 48, 72 

and 96 hour after admission were calculated for each individual patient with linear 

interpolation. Differences between group means were assessed with the two-tailed 

Student’s t-test. Chi-square analysis was used to test differences between proportions. 

The Cox proportional-hazards regression model was used to calculate relative risks 

adjusted for differences in baseline characteristics. To predict the independent association 

between treatment with GIK and a peak CK-MB release above the highest quartile or LVEF 

≤30%, a multivariate logistic regression analysis was performed. Statistical significance 

was considered a two-tailed P-value <0.05. The Statistical Package for the Social Sciences 

(SPSS Inc., Chicago, IL, USA) version 11.5 was used for all statistical analysis. 
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Table 1. Baseline clinical and demographic characteristics and initial therapies 

Characteristics GIK group Control group 

Number of patients 476 464 

Age, years (mean±SD) 59.9±11.9 60.8±12.0 

Men 351 (73.7) 368 (79.3) 

Referred patients 201 (42.3) 180 (38.8) 

Body mass index 26.7±3.8 27.0±4.0 

Previous MI 52 (10.9) 53 (11.4) 

Previous PCI 22 (4.7) 24 (5.2) 

Previous CABG 14 (2.9) 12 (2.6) 

History of stroke 17 (3.6) 15 (3.2) 

Diabetes mellitus 50 (10.5) 49 (10.6) 

Hypertension 134 (28.2) 130 (28.0) 

Dyslipidemia 94 (19.7) 95 (20.5) 

Currently smoker 225 (47.3) 237 (51.1) 

Positive family history 195 (41.0) 179 (38.6) 

Time to admission, min (IQR)* 150 (100-215) 150 (105-234) 

Door to balloon time, min (IQR) 45 (31-64) 48 (34-69) 

Killip class 1 426 (89.5) 430 (92.7) 

Killip class 2 24 (5.0) 14 (3.0) 

Killip class 3 14 (2.9) 14 (3.0) 

Killip class 4 12 (2.5) 6 (1.3) 

Anterior MI  250 (52.9) 224 (49.1) 

Multi-vessel disease 249 (52.3) 242 (52.2) 

PCI  436 (91.6) 424 (91.4) 

Stent** 255 (58.5) 236 (55.7) 

GP IIb/IIIa receptor blocker** 96 (22.1) 109 (25.7) 

In-hospital CABG 19 (4.0) 19 (4.1) 

TIMI 3 flow after PCI 459 (96.4) 435 (93.8) 

Successful reperfusion‡ 394 (82.8) 384 (82.8) 

Intra-aortic balloon pump 45 (9.5) 42 (9.1) 

Mechanical ventilation 12 (2.5) 4 (0.9) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. * Time 

to admission denotes time between onset of symptoms and until admission. † In-hospital CABG = 

CABG defined as patients treated initially conservative, followed by elective CABG within 7 days. ‡ 

Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3. ** Percentage defined as the 

percentage of the patients that underwent PCI. 
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Results 

 

Study population 

Of the 940 patients who underwent randomization, 476 were assigned to receive GIK 

infusion. There were no differences in the baseline characteristics of the two treatment 

groups (table 1). The mean time between onset of symptoms and admission was 150 

minutes, and 75% of the patients were admitted within 225 min. The interquartile range 

(IQR) in the GIK group was 100 to 215 minutes and in the control group 105 to 234 

minutes. After coronary angiography, 860 patients (90.5%) underwent PCI, 38 patients 

(4%) were referred for CABG within 7 days, and 42 patients (4.5%) were treated 

conservatively. 30-day mortality was 4.8% in the GIK patients and 5.8% in the control 

patients.4 

 

Table 2. Comparison of patients with a peak CK-MB release beneath the highest quartile 

and patients with a CK-MB release above the highest quartile 

Characteristic High enzyme release Low enzyme release P-value 

Number of patients 232 708  

Age, years (mean±SD) 59±12 61±12 0.17 

Men  179 (77) 540 (76) 0.86 

Hypertension 64 (28) 200 (28) 0.87 

Previous MI  24 (10) 81 (11) 0.72 

Diabetes mellitus 28 (12) 71 (10) 0.39 

Killip class 1 192 (83) 664 (94) <0.001 

Anterior MI 161 (69) 313 (44) <0.001 

TIMI flow 0 before PCI 189 (82) 377 (53) <0.001 

TIMI flow 3 after PCI 219 (94) 675 (95) 0.6 

GIK treatment 121 (52) 355 (50) 0.6 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. TIMI = Thrombolysis 

in Myocardial Infarction. PCI = percutaneous coronary intervention. 

 

Enzyme release 

Data on the effect of GIK on enzymatic infarct size (CK-MB) were completely available in 

923 patients (98%), 470 patients treated with GIK and 462 control patients. Of each patient 

at least a single measurement was available. A mean of 6.9 CK-MB determinations were 

available per patient. As indicated in figure 1, there was no difference in pattern or 

magnitude of the CK-MB release between the two groups.  
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Mean peak CK-MB±SD was 249±228 IU/L in the GIK group versus 240±200 IU/L in the 

control group (NS). In GIK patients the median time to peak CK-MB was 450 minutes (IQR 

300-733) compared to 468 minutes (IQR 285-738) in the control patients (NS). High 

enzyme release (i.e. peak CK-MB >349 IU/L) was found in 111 patients (24%) in the GIK 

group versus 121 patients (25%) in the control group (P=0.6). Differences between 

patients with a peak CK-MB release beneath 349 IU/L and above 349 IU/L are represented 

in table 2. Characteristic related with high enzyme release were Killip class ≥2, anterior MI, 

and TIMI 0 flow before PCI. 

 

Table 3. Comparison of patients with a low left ventricular ejection fraction (LVEF ≤30%) 

with those with preserved left ventricular ejection fraction (LVEF >30%) 

Characteristic Low LVEF Preserved LVEF P-value 

Number of patients 125 698  

Age, years (mean±SD) 63±12 59±12 0.008 

Men  98 (78) 537 (77) 0.7 

Hypertension 43 (34) 182 (26) 0.05 

Previous MI  18 (14) 63 (9) 0.06 

Diabetes mellitus 29 (23) 57 (8) 0.008 

Killip class 1 109 (87) 660 (95) 0.002 

Anterior MI 115 (92) 291 (42) <0.001 

TIMI 0 before PCI 40 (32) 291 (42) 0.04 

TIMI 3 after PCI  114 (91) 677 (97) 0.002 

GIK  treatment 51 (41) 368 (53) 0.01 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. TIMI = Thrombolysis 

in Myocardial Infarction. PCI = percutaneous coronary intervention. 

 

Left ventricular ejection fraction 

LVEF measurements were available in 419 patients (88%) treated with GIK and in 404 

patients (87%) of the controls. Mean time between admission and LVEF measurement 

was 2.65 days in the GIK group and 2.5 days in the control group (IQR 2 days in both 

groups). The mean LVEF was 43.7±11.0% in the GIK group versus 42.4±11.7% in the 

control group (P=0.12). Of the 823 patients with a measured LVEF before discharge a total 

of 125 (15%) had an ejection fraction lower than or equal to 30%. Differences between 

patients with LVEF ≤30% and those with a higher LVEF are summarized in table 3. 

Treatment with GIK was associated with a lower frequency of a LVEF ≤30% (51 patients 

(12%) compared to 74 patients (18%), P=0.01). Other important characteristics associated 

with LVEF ≤30% were age, diabetes mellitus, Killip class, infarct location and TIMI flow 
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after PCI. To identify independent predictors of a low left ventricular ejection fraction 

(LVEF ≤30%) all variables associated with LVEF ≤30% in univariate analysis were used in 

multivariate analysis, see table 3. After adjustment, patients treated with GIK had a RR of 

0.53 (95% confidence interval 0.35–0.81, P=0.01) for a LVEF ≤30% compared to controls. 

In patients with Killip class 1 at admission the mean LVEF was 44.1±10.9 % in the GIK 

group versus 42.8±11.5% in the control group (P=0.12). In patients randomized to GIK a 

LVEF ≤30% was less often observed (45 patients (12%) versus 65 patients (17%), P=0.03). 

The mean peak CK-MB ± SD was 463±318 IU/L in patients with LVEF ≤30% versus 

215±166 IU/L in patients with LVEF >30% (P<0.001). 

 

Figure 1. CK-MB release after admission in the GIK group and control group 
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CK-MB release after admission in the GIK group (unbroken line) and control group (dashed line). 

Mean are indicated for 0, 2, 4, 6, 24, 48, 72 and 96 hours. At no time point a significant difference 

was observed. 
 
Discussion 

 

In this study, additional treatment with GIK in patients treated with primary PCI for acute 

myocardial infarction did not decrease enzymatic infarct size but preserved left ventricular 

function. Since these results are based on an intention to treat analysis of a randomized 

controlled trial of the effects of GIK, we may have underestimated the effect on 

preservation of myocardial function. In the control group more patients died, and these 
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patients had a high enzyme release and probably as well a severely impaired LVEF. 

Nevertheless, our data make a clinically relevant impact of GIK on enzyme release 

unlikely, and at the same time show an important reduction in the number of patients with 

a LVEF ≤30%. A LVEF ≤30% exposes these patients to a high risk for the development of 

heart failure during follow-up, even after successful PCI.21 We also found a relation 

between high enzyme release and poor left ventricular function. Possibly the relation 

between GIK and poor LVEF is related to a selection bias of this sub-analysis. On the other 

hand it can be hypothesized that GIK mediates effects on LVEF, as measured after 2 to 4 

days after admission unrelated to enzymatic infarct size. 

In our previous study on the effect of GIK on 30-day mortality we found a beneficial effect 

of GIK on outcome in patients without signs of heart-failure at admission. Patients with 

Killip class 1 had no smaller enzymatic infarct size in this analysis. However, the curve of 

CK-MB over the first 96 hours after admission in GIK patients lies below the curve of 

controls. Mean LVEF is larger in patients treated with GIK compared to control patients, 

albeit not significant (P=0.12). Even as in the overall population the number of patients 

with LVEF ≤30% is smaller in Killip class 1 patients. 

 

Figure 2. CK-MB release after admission in the GIK group and control group of Killip class 

1 patients 
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CK-MB release after admission in the GIK group (unbroken line) and control group (dashed line). 

Mean are indicated for 0, 2, 4, 6, 24, 48, 72 and 96 hours. At no time point a significant difference 

was observed. 
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Previous clinical studies with GIK 

Several studies have reported enzymatic infarct size in patients treated with GIK, mainly in 

patients without reperfusion therapy.12;14 Clinical studies in the era of reperfusion did 

provide sparse information.1;19 In line with our results the Pol-GIK trial showed that the 

median and maximal CK and maximal glutamic oxaloacetic transaminase did not differ 

significantly between GIK and control patients.19 However, the Pol-GIK trial used low-dose 

GIK and included patients with a lower risk, i.e. no patients with signs of congestion were 

included. One study of 32 MI patients treated with thrombolysis found that infusion of GIK 

to obtain glucose regulation with insulin resulted in a shorter time to peak CK and a 

smaller total enzyme release.6 In line with our results on enzyme release the REVIVAL trial 

found no effect of GIK treatment on the myocardial salvage index measured with 

technetium-99m-sestamibi scintigraphy 6 to 8 hours after admission and after 7 to 14 days 

(0.50 versus 0.48, P=0.96). GIK consisted of 1000 mL glucose 20% with 40 IU of insulin 

and 64 mmol potassium chloride at a rate of 1.8 mL/hour for 24 hours. Only in the 

predefined subgroup of patients with diabetes mellitus a significant difference in salvage 

index was found (mean difference 0.19, 95% confidence interval 0.01-0.37). 

In a trial of 37 patients treated with primary PCI a beneficial effect of GIK on myocardial 

function was observed.18 The increase of the LVEF from baseline to 3 months was 12.5% 

in the GIK group (P=0.002) versus 6.1% in the placebo group (NS). However, this may 

also have been the result of a combination of small numbers of patients together with 

profound changes in the LVEF in the 3-6 months after PCI for acute myocardial 

infarction.22 In patients with diabetes mellitus and without myocardial ischemia infusion of 

insulin and glucose did increase the contractile force, i.e. rest LVEF and LVEF during 

dynamic exercise measured with radionuclide ventriculography.23  

 

Animal studies 

Several studies with animals have assessed the effects of GIK on infarct size in myocardial 

infarction, but show conflicting results.5;9;11 A study with pigs showed that hearts treated 

with GIK had significantly less tissue acidosis, higher wall motion scores, and the less 

tissue necrosis.16 Similar results were obtained in a study with rats, in which not only the 

administration of GIK before induction of ischemia but also during acute ischemia seemed 

beneficial for myocardial function.10 A recent study in diabetic sheep found that GIK 

improved left ventricular contractility as determined by stroke work efficiency.24  

 

Mechanisms of action 

We found a relationship between higher enzymatic infarct size and low LVEF. Since we 

observed only an effect of GIK on LVEF the preservation of the left ventricular function 

could not be declared by a reduction of myocardial necrosis. The potential mechanisms of 
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the beneficial effects of GIK include metabolic effects, direct hemodynamic effects, 

improvement of coronary flow and catecholamine mediated effects. The main effect of the 

GIK infusion is supposed to be the beneficial effect of delivery of glucose to the ischemic 

myocardium resulting in a suppression of free fatty acids.25-28 Treatment with glucose and 

insulin inhibits lipolysis, thereby decreasing circulating free fatty acid levels, and 

suppresses fatty acid oxidation. Moreover, in the postischemic myocardium contractile 

dysfunction may also be caused by impairment of glucose oxidation and cytosolic proton 

accumulation, whereas agents that enhance glucose oxidation in the postischemic heart 

may also improve contractile function.29 After prolonged periods of low-flow ischemia 

functional recovery is mainly determined by the extent of irreversible ischemic damage. 

After brief episodes of ischemic damage, oxidative metabolism rapidly returns, well 

before contractile activity is restored. Therefore GIK treatment is likely to be beneficial 

when started soon after onset of ischemia. Protection of the cell membrane of ischemic 

cardiac cells may also improve reflow after reperfusion and protect against the no reflow 

phenomenon by reducing cell swelling and microvascular compression.30 These 

microvascular protective effects on the coronary circulation are probably similar in 

patients with and without diabetes mellitus.31;32 GIK infusion showed an improvement in 

regional myocardial perfusion and function in segments adjacent to the infarct area in 

patients recovering from an acute MI.33 Another beneficial mechanism may be the 

protective effect of GIK on the cell membrane.34-36 Insulin promotes tolerance against 

ischemic cell death via the activation of innate cell-survival pathways in the heart.37 

However, in a small study of patients with MI treated with PCI, administration of GIK did 

not improve the enzymatic antioxidant reserve.38 

 

Study limitations 

Left ventricular function was measured in 88% of patients. For patients transferred back to 

the referring hospitals within 48 hours the measurement was often missing. The same 

accounts for patients who died within 48 hours. The exact relation between LVEF and 30-

day mortality can not be determined. It is unknown whether these missing data have 

influenced the results on the effect of GIK on left ventricular function. We determined the 

left ventricular function before discharge and it is suggested that measurements after 

long-term follow-up are more predictive.18 

 

Conclusion 

 

High-dose GIK infusion in patients with acute MI treated with primary PCI, results in a 

lower rate of poor left ventricular function, defined as a left ventricular ejection fraction 

≤30%. There is no effect of GIK on the pattern and magnitude of enzyme release. 
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To the editor:  

In 37 patients with acute myocardial infarction Castro and colleagues could not observe 

that high-dose glucose-insulin-potassium (GIK) infusion in adjunction to primary 

angioplasty did improve left ventricular ejection fraction (LVEF) and did not decrease the 

enzymatic infarct size.1  

In the recently published Glucose-Insulin-Potassium-Study (GIPS) we randomized 940 

patients to primary coronary angioplasty and GIK infusion or no infusion.2 As secondary 

endpoints we determined a left ventricular ejection fraction (LVEF) lower than 30%. LVEF 

was measured before discharge by radionuclide ventriculography using the multiple 

gated equilibrium method following the labeling of red blood cells of the patient with 

technetium-99m-pertechnate. When our results are compared with the Castro study (table 

1) we suggest that GIK can induce a beneficial effect on myocardial function. We observed 

a LVEF <30% in 18% in the controls and in 12% in the GIK group (P=0.01). Finally, we 

also observed a relation between preservation of myocardial function and survival. By 

including more than 37 patients in their study possibly beneficial effects could have been 

observed.  

 

Table 1. Comparison of the Castro results and GIPS 

Characteristics GIPS Castro study 

 GIK group Control group GIK group Control group 

Number of patients 476 464 18 19 

Age, years (mean±SD) 59.9±11.9 60.8±12.0 55±13 55.2±11 

Men 351 (74) 368 (79) 13 (72) 15 (79) 

Hypertension 134 (28) 130 (28) 8 (44) 6 (32) 

Diabetes mellitus 50 (11) 49 (11) 3 (17) 1 (5) 

Time to angioplasty (hour) 3.3 3.3 3.6 4.3 

Infarct location anterior 250 (53) 224 (49) 9 (50) 4 (21) 

Killip class 1 426 (90) 430 (93) 14 (77) 15 (78) 

Single-vessel disease 227 (48) 222 (48) 14 (77) 12 (63) 

TIMI 3 flow after PCI 459 (96) 435 (94) 16 (89) 17 (89) 

LVEF, % (mean±SD)* 43.7±11.0 42.4±11.7 38.9 43.7 

30-day mortality 23 (4.8) 27 (5.8)   

Data are number (%) unless otherwise indicated. * LVEF denotes left ventricular ejection fraction. 

LVEF in the GIPS was determined before discharge i.e. after GIK infusion; the presented LVEF in the 

Castro study was determined before GIK infusion. 
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Abstract 

 

Background 

To evaluate the impact of adjunctive high-dose glucose-insulin-potassium (GIK) on ST 

segment elevation resolution in patients with ST segment elevation myocardial infarction 

(MI). 

 

Methods 

As part of a randomized controlled trial about GIK versus no GIK in patients treated with 

primary percutaneous coronary intervention for ST segment elevation MI in a tertiary 

referral center, we analyzed ST segment elevation resolution. Paired electrocardiographic 

recordings (baseline and 3 hours after primary percutaneous coronary intervention) were 

available in 612 patients (65%) out of 940 patients. 

 

Results 

We analyzed paired electrocardiograms of 310 patients randomized to GIK and 302 

control patients. Baseline characteristics of these groups were comparable. Combined 

complete (>70%) and partial (30-70%) resolution was more commonly observed in the 

GIK group (87%) when compared to the control group (78%), relative risk 1.72 (95% 

confidence interval 1.2-2.46, P<0.001). 1-year mortality was lower in patients with 

combined complete and partial resolution compared to patients without resolution (3.8% 

versus 10.3%, P=0.011). There was no difference in 1-year mortality between GIK and 

control patients (5.5% versus 4.3%, P=0.58). 

 

Conclusion 

In patients with ST segment elevation MI treated with primary percutaneous coronary 

intervention addition of GIK is associated with improved ST segment elevation resolution. 

ST segment elevation resolution is related to improved 1-year survival. No benefit of GIK 

on 1-year outcome was observed. Future trials should investigate whether GIK induced 

improvement of ST segment elevation resolution results in more favorable clinical 

outcome.  
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Introduction 

 

In patients with ST segment elevation myocardial infarction (MI) early resolution of ST 

segment elevation is a useful predictor of final infarct size, left ventricular function and 

clinical outcome after both thrombolytic and coronary interventional approaches.1-5 

Primary percutaneous coronary intervention (PCI) results in a high proportion of patients 

with complete ST segment elevation resolution.6 Persistent ST segment elevation shortly 

after recanalization correlates with impaired myocardial reperfusion at the microcirculatory 

level and with further extension of myocardial damage.7 Impaired microvascular 

reperfusion, as defined by non-complete ST segment elevation resolution, may occur in 

up to 33% of patients with ST segment elevation MI, especially in older patients with low 

systolic pressure.8 In patients with Thrombolysis In Myocardial Infarction (TIMI) grade 3 

flow after primary PCI, failed microvascular reperfusion, defined as impaired ST segment 

elevation resolution, peak creatine kinase levels after 12 hours, and T-wave inversion after 

24 hours, is associated with poor outcome at 1 year.9 A beneficial effect of a glucose-

insulin-potassium (GIK) infusion on electrocardiographic signs of myocardial infarction 

(MI) has been suggested in experimental studies.10-15 

In the Estudios Cardiologicos Latinoamerica (ECLA) pilot trial an beneficial effect of GIK on 

mortality was observed primarily in the subgroup of patients in which GIK was combined 

with thrombolysis (5.2% in GIK patients versus 15.2% in control patients, P=0.01).16 

Recently, in the Reevaluation of Intensified Venous Metabolic Support for Acute Infarct 

Size Limitation (REVIVAL) trial with 312 MI patients treated with primary PCI, GIK did not 

result in a significant difference in mortality after 6 months (5.8% in the GIK group versus 

6.4% in the control group, P=0.85).17 In the Glucose-Insulin-Potassium Study (GIPS) 

patients with ST segment elevation MI were randomly assigned to either a high-dose GIK 

infusion or no infusion in adjunction to primary PCI.18 30-Day mortality did not differ 

significantly between GIK and control patients (4.8% versus 5.8%, P=0.50). In an 

additional analysis of this trial, we investigated the effect of GIK on ST segment elevation 

resolution, and re-evaluated the relation between ST segment elevation resolution and 1-

year mortality in patients enrolled in a randomized controlled trial.18 

 

Methods 

 

Patients 

Between April 1998 and September 2001, 940 patients with symptoms consistent with 

acute MI of >30 min duration, presenting within 24 hours after the onset of symptoms 

and with a ST segment elevation of more than 1 mm (0.1 mV) in two or more contiguous 

leads on the electrocardiogram were included in the GIPS. The exact details of the trial 
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protocol have been previously described.18  In short, a total of 940 patients were randomly 

assigned to either GIK infusion (N=476) or no infusion (N=464). Patients presented at our 

center as well as patients referred for treatment of high-risk MI, from nine referring 

hospitals without facilities to perform coronary interventions, were included. Assignments 

to the groups were made with a computerized randomization program. In the GIK group, a 

continuous infusion of 80 mmol potassium chloride in 500 mL 20% glucose with a rate of 

3 mL/kg body weight/hour over an 8-12 hour period in a peripheral venous line was given. 

A continuous infusion of short-acting insulin (50 units Actrapid HM (Novo Nordisk, 

Copenhagen, Denmark) in 50 mL 0.9% sodium chloride was also started with the use of a 

pump (Perfusor-FM, B. Braun, Melsungen, Germany). Baseline insulin-infusion dose and 

hourly adjustments of the insulin dose were based on an algorithm, to obtain blood 

glucose levels between 7.0 and 11.0 mmol/L, based on measurements of whole-blood 

glucose (Modular System, Roche/Hitachi, Basel, Switzerland). GIK infusion was started 15 

to 20 minutes after admission. Average door to balloon time was 45 minutes in the GIK 

group and 48 minutes in the control group.18 

 

Protocol 

Primary PCI was performed with standard techniques if the coronary anatomy was 

suitable for PCI. Angiographic successful reperfusion was defined as TIMI flow grade 3, in 

combination with a myocardial blush grade 2 or 3. Additional standard treatment 

consisted of nitroglycerin intravenously, and aspirin 500 mg intravenously or 300 mg 

orally. During PCI 10000 IU heparin was administered as bolus. Low molecular weight 

heparin was given for 24 hours after sheath removal. Standard therapies after PCI 

included aspirin 80 mg and/or clopidogrel 75 mg in all patients that received a stent. Beta-

blockers, lipid lowering agents and angiotensin converting enzyme inhibitors or 

angiotensin II receptor blockers were used according to current international 

guidelines.19;20  

Whenever possible, patients remained in our hospital at least 24 hours before they were 

transferred back to a referring hospital. When no Coronary Care Unit bed was available, 

immediate transfer after PCI was arranged. Follow-up data were collected up to 18 months 

after randomization via the register office, the General Practitioner, or by direct contact 

with the patients or their relatives by telephone. The research protocol was reviewed and 

approved by the medical ethics committee of our hospital, and patients were included 

after informed consent. 

  

Measurements 

Electrocardiographic (ECG) recordings were obtained on admission to the hospital (first 

ECG), and in the coronary-care unit (second ECG) 3 hours after PCI. All ECGs were 
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analyzed as pairs by an independent core lab (Diagram BV, Zwolle, The Netherlands) and 

graded for ST segment elevation resolution by 2 investigators who were unaware of the 

clinical data, randomization, angiographic findings, and outcome data. The investigators 

analyzed the ECGs independently and when disagreements did exist, a third investigator 

graded the ST segment elevation resolution. The investigators were not blinded to the 

sequence. The sum of ST segment elevation was measured 20 ms after the end of the 

QRS complex in leads I, aVL, and V1–V6 for anterior, and leads II, III, aVF, and V5–V6 for 

non-anterior myocardial infarction. ST segment elevation resolution was defined as 

complete (>70% resolution), partial (30-70% resolution) or no resolution (<30% 

resolution). In this analysis only patients of whom paired ECG recordings were available 

were included. 

 

Statistical analysis  

All analyses concerning potential effects of GIK were by intention to treat. Differences 

between group means at baseline were assessed with the two-tailed Student’s t-test. Chi-

square analysis or Fisher’s exact test was used to test differences between proportions. 

Survival was calculated by the Kaplan-Meier product-limit method. The Log-rank test was 

used to evaluate differences in survival curves between the two treatment groups. The 

Cox proportional-hazards regression model was used to calculate relative risks adjusted 

for differences in baseline characteristics. To predict the independent association between 

treatment with GIK and ST segment elevation resolution, a multivariate logistic regression 

analysis was performed. Statistical significance was considered a two-tailed P-value 

<0.05. The Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) 

version 11.5 was used for all statistical analysis. 

 

Results 

 

Of 940 patients enrolled in the GIPS, data on ST segment elevation resolution were 

available in 310 patients (65%) randomized to GIK and 302 patients (65%) in the control 

group. For patients with (transient) bundle branch block (N=56), external pacemaker or 

AIVR (N=63), technical inadequate recordings (N=47), patients who died during primary 

PCI (N=2), patients who were transferred to a referring hospital immediately after PCI 

(N=138), and miscellaneous reasons (N=22) data were lacking. The baseline 

characteristics of patients included in this analysis and the excluded patients are 

presented in table 1. The included patients were less often referred from other hospitals 

(35% versus 51%), had less often signs of heart failure at admission (Killip class 1 patients 

93% versus 88%), and were more often treated with PCI (96% versus 83%). 
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Table 1. Baseline characteristics of the patients with paired ECG recordings (included 

patients) and patients without paired ECG recordings (excluded patients) 

Characteristics Included patients Excluded patients 

Number of patients 612 328 

Age, years (mean±SD) 60±12 61±12 

Men 472 (77) 247 (75) 

Referred patients# 216 (35) 166 (51) 

Previous MI 61 (10) 44 (13) 

Previous PCI 26 (4.2) 20 (6.1) 

Previous CABG 17 (2.8) 9 (2.7) 

History of stroke 23 (3.8) 9 (2.7) 

Diabetes mellitus 63 (10) 36 (11) 

Hypertension 162 (27) 102 (31) 

Dyslipidemia 123 (20) 66 (20) 

Currently smoker 304 (50) 158 (48) 

Positive family history 248 (41) 126 (38) 

Time to admission, min (IQR)* 145 (104-215) 161 (110-240) 

Door to balloon time, min (IQR) 50 (35-69) 38 (19-58) 

Killip class 1 569 (93) 287 (88) 

Killip class ≥2 43 (7) 41 (12) 

Anterior MI  293 (48) 181 (55) 

Multi-vessel disease 312 (51) 179 (55) 

PCI  588 (96) 273 (83) 

Stent** 336 (55) 155 (47) 

GP IIb/IIIa receptor blocker** 130 (21) 74 (23) 

In-hospital CABG† 11 (1.8) 27 (8.2) 

TIMI 3 flow after PCI 585 (96) 309 (94) 

Successful reperfusion* 513 (84) 265 (81) 

Intra-aortic balloon pump 41 (6.7) 46 (14) 

Mechanical ventilation 6 (1.0) 10 (3.0) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. 

#Referred patients denotes MI patients referred from hospitals without facilities to perform coronary 

interventions. *Time to admission denotes time between onset of symptoms and until admission. 

†In-hospital CABG = CABG defined as patients treated initially conservative, followed by elective 

CABG within 7 days. ‡Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3. 

**Percentage defined as the percentage of the patients that underwent PCI. 
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ST segment elevation resolution and outcome 

In 372 patients (60.8%) complete ST segment elevation resolution was observed, partial 

resolution in 133 patients (22%) and no resolution in 107 patients (17.5%). Baseline 

characteristics of the 3 groups are presented in table 2. No complete ST segment 

elevation resolution was more often observed in patients with anterior infarction location, 

previous MI or diabetes mellitus, and Killip class >1 at admission. 

 

Figure 1. ST segment elevation resolution and 1-year mortality  

Log-rank test P-value is 0.014. 

 

 

ST segment elevation resolution was related to left ventricular function. Prevalence of left 

ventricular ejection fraction (LVEF) <30% was 11.8% in patients with complete ST 

segment elevation resolution, compared to 20.3% in those with partial or no resolution 

(P<0.01). Mortality after 1-year was 3.5% with complete and 4.5% with partial ST segment 

elevation resolution compared to 10.3% with no ST segment elevation resolution 

(P=0.016). 1-year mortality was lower in patients with combined complete and partial 

resolution compared to patients with no ST segment elevation resolution (3.8% versus 

10.3%, P=0.011). Figure 1 represents the relation between ST segment elevation 

resolution and 1-year mortality (P= 0.014 using the Log-rank test). 
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ST segment elevation resolution and GIK 

Baseline characteristics were comparable between the 2 groups (table 3). A total of 299 

patients (96%) in the GIK group and 289 (96%) in the control group underwent primary 

PCI (table 4). No difference was observed in procedural success and myocardial blush 

grades. The prevalence of ST segment elevation resolution was higher in patients treated 

with GIK. Complete ST segment elevation resolution was observed in 198 patients (64%) 

treated with GIK versus 174 patients (58%) in the control group (table 5). Partial ST 

segment elevation resolution was observed in 72 patients (23%) treated with GIK versus 

61 patients (20%) in the control group. Combined complete and partial resolution was 

more commonly observed in the GIK group (87%) when compared to the control group 

(78%), relative risk 1.72 (1.2-2.46, P<0.01). No ST segment elevation resolution was 

observed in 40 patients (13%) in the GIK group compared to 67 patients (22%) in the 

control group, relative risk (RR) 0.58 (95% confidence interval 0.39-0.81, P<0.01).  

A total of 30 patients (4.9%) out of 612 patients died after 1-year. There were 2 patients 

lost to follow-up. No difference in mortality was observed between the two groups (5.5% 

versus 4.3%, P=0.58).  

 

Table 2. Comparison of patients with complete, partial and no ST segment elevation 

resolution 

Characteristics Complete resolution Partial resolution No resolution 

Number of patients 372 133 107 

Age, years (mean±SD) 59±12 60±11 64±11 

Men 290 (78) 107 (81) 75 (70) 

Diabetes mellitus 27 (7.3) 22 (17) 14 (13) 

Hypertension 97 (26) 35 (26) 30 (28) 

Killip class 1 349 (94) 126 (95) 94 (88) 

Anterior MI 159 (43) 76 (57) 58 (54) 

Successful reperfusion* 326 (88) 107 (81) 80 (75) 

30-day mortality  10 (2.7) 3 (2.3) 9 (8.4) 

LVEF ≤30% 40 (11.8) 22 (18.3) 21 (22.8) 

1-year mortality 13 (3.5) 6 (4.5) 11 (10.3) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. LVEF = Left ventricular 

ejection fraction. *Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3. 
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Discussion 

 

This is the first study showing that adjunction of GIK to primary PCI for ST segment 

elevation MI results in improved resolution of ST segment elevation. We also observed 

that partial or complete ST segment elevation resolution was related to a favorable 1-year 

outcome compared to patients with no resolution. However, we could not demonstrate a 

direct relation between GIK and improved outcome. This analysis did not have the power 

to assess the effects on mortality. We therefore only can hypothesize that GIK may be 

beneficial by inducing ST segment elevation resolution, as a reflection of improved 

myocardial reperfusion. We could not detect a relation between infusion of GIK and 

myocardial blush grade, an angiographic parameter that reflects myocardial reperfusion.7 

This may be related to the very short interval between epicardial patency and assessment 

of myocardial blush grade. Studies with continuous ST segment monitoring have shown 

that it takes sometime before myocardial perfusion is reestablished.16;34 We defined 

successful reperfusion as the combination of TIMI 3 flow after PCI and blush grade 2 or 3 

and there was no difference in the rate of successful PCI between the GIK and control 

patients. 

 

Table 3. Baseline characteristics of the patients with paired ECG recordings 

Characteristics GIK group Control group 

Number of patients 310 302 

Age, years (mean±SD) 59±12 61±12 

Men 230 (74) 242 (80) 

Referred patients# 118 (38) 98 (33) 

Previous MI 30 (9.7) 31 (10.3) 

Previous PCI 12 (3.9) 14 (4.6) 

Previous CABG 9 (2.9) 8 (2.6) 

History of stroke 14 (4.5) 9 (3.0) 

Diabetes mellitus 32 (10) 31 (10) 

Hypertension 78 (25) 84 (28) 

Dyslipidemia 94 (20) 95 (21) 

Currently smoker 152 (49) 152 (50) 

Positive family history 195 (41) 179 (39) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. 

#Referred patients denotes MI patients referred from hospitals without facilities to perform coronary 

interventions. 
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ST segment elevation resolution 

Primary PCI results in optimal epicardial recanalization in a large majority of patients. 

Nevertheless, it has been shown that myocardial perfusion may be suboptimal in a 

relevant percentage of patients. ST elevation segment elevation resolution is a cheap and 

user-friendly method to evaluate myocardial perfusion. In an animal study the relation 

between ST segment elevation and regional myocardial blood flow both 15 minutes and 

24 hour after coronary occlusion was demonstrated.21 Several clinical studies have 

described the relation between electrocardiographic changes after the start of 

thrombolytic therapy and patency of the infarct-related vessel at follow-up coronary 

angiography.22;23  

Table 4. Infarct characteristics, hemodynamic status and primary reperfusion treatment 

Characteristics GIK group Control group 

Number of patients 310 302 

Anterior MI  155 (50) 138 (46) 

Killip class 1 284 (92) 285 (94) 

Killip class ≥2 26 (8) 17 (6) 

Systolic BP, mmHg (mean±SD) 131±21 129±25 

Diastolic BP, mmHg (mean±SD) 78±15 76±17 

Heart rate, beats/min (mean±SD) 74±16 79±20 

Time to admission, min (IQR)* 135 (99-210) 150 (105-240) 

Door to balloon time, min (IQR) 49 (34-68) 51 (35-70) 

Multi-vessel disease 162 (52) 150 (48) 

PCI  299 (97) 289 (96) 

Stent ** 178 (57) 158 (52) 

GP IIb/IIIa receptor blocker ** 62 (20) 68 (23) 

In-hospital CABG† 5 (1.6) 6 (2.0) 

TIMI 3 flow after PCI 301 (97) 284 (94) 

Successful reperfusion* 260 (84) 253 (84) 

Intra-aortic balloon pump 20 (6.5) 21 (7.0) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. BP = blood pressure. 

IQR = interquartile range. PCI = percutaneous coronary intervention. CABG = coronary artery 

bypass grafting. *Time to admission denotes time between onset of symptoms and until admission. 

**Percentage defined as the percentage of the patients that underwent PCI. †In-hospital CABG = 

CABG defined as patients treated initially conservative, followed by elective CABG within 7 days. 

‡Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3.  
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Although complete ST segment elevation resolution predicts an open infarct artery 

reasonably well, the absence of ST segment elevation resolution gives no information 

about patency.24 It has been shown that the ECG will not predict infarct-vessel patency in 

many patients, as almost half of the patients with persistent ST segment elevation had an 

open epicardial vessel with TIMI 3 flow.6 ST segment changes after reperfusion therapy 

may, therefore, reflect myocardial flow rather than epicardial flow and predict clinical 

outcome better than epicardial vessel patency alone in patients treated with thrombolytic 

therapy5;25, and primary PCI.6 

 

Table 5. Comparison of patients with complete, partial and no ST segment elevation 

resolution, according to treatment with GIK 

 GIK group P for trend Control group 

Number of patients 310 <0.001 302 

Complete resolution 198 (64)  174 (58) 

Partial resolution 72 (23)  61 (20) 

No resolution 40 (13)  67 (22) 

Data are number (%). Resolution denotes resolution of the ST segment elevation. 

 

GIK and ST segment elevation resolution 

In several animal studies the effect of GIK on ST segment elevation resolution was 

investigated. In dogs developing myocardial ischemia, GIK decreased epicardial ST 

segment elevation.12 Decreased epicardial ST segment elevation correlates with a 

reduction in the degree of eventual myocardial creatine kinase depletion and the 

reduction in the histologic severity of myocardial necrosis.26 One study found that GIK 

induced metabolic changes, such as reduced myocardial sodium and water and increased 

lactate, were associated with decreased ST segment elevation, especially in the peri-

infarct zone.10 Another study showed that the infusion of GIK was associated with a 

decrease in arterial plasma concentration of free fatty acids, a decrease in uptake of free 

fatty acids, and a decreased degree of ST segment elevation.11 An effect that was not 

observed in contols treated with saline. In 32 ST segment elevation MI patients were 

treated with reteplase and alternately assigned to either GIK or saline with 

potassiumchloride  that ST segment elevation resolution at 90 minutes was >50% in 82% 

of the GIK patients versus 62% in control patients (NS).15 Our results confirm these 

observations: GIK results in a higher number of patients with partial or complete ST 

segment elevation resolution. 
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Table 6.  30-day mortality in patients treated with high-dose GIK and low-dose GIK versus 

control patients of published trials 

 Included patient 30-day mortality P 

Trial (ref) GIK patients Control patients GIK patients Control patients  

 N N N (%) N (%)  

Heng28 12 15 1 (8.3) 0 (-)  

Stanley35 55 55 4 (7.3) 4 (7.3)  

Rogers34 61 73 4 (6.5) 9 (12.3)  

Satler37 10 7 0 (-) 0 (-)  

ECLA16* 135 139 10 (7.4) 16 (11.5)*  

GIPS18 476 464 23 (4.8) 27 (5.8)  

REVIVAL17 155 157 7 (4.5) 5 (3.2)  

Total (high-dose) 904 910 49 (5.4) 61 (6.7) 0.30 

Mittra31 85 85 10 (11.8) 24 (23.5)  

Pilcher33 49 53 6 (6.7) 12 (22.7)  

Pentecost32 100 100 15 (15.0) 16 (16.0)  

MRC30 480 488 103 (21.5) 115 (23.6)  

Hjermann 29 104 100 11 (9.6) 20 (20)  

ECLA16* 133 139 10 (7.5) 16 (11.5)*  

Pol-GIK36 494 460 44 (8.9) 22 (4.8)  

Total (low-dose) 1445 1425 199 (13.8) 225 (15.8) 0.14 

Total (all) 2349 2196 248 (10.6) 270 (12.3) 0.07 

Data are number or number (%). Ref denotes reference. N denotes number of patients. ECLA = 

Estudios Cardiologicos Latinoamerica. GIPS = Glucose-Insulin-Potassium Study. REVIVAL = 

Reevaluation of Intensified Venous Metabolic Support for Acute Infarct Size Limitation. Pol-GIK = 

Polish Glucose Insulin Potassium. *In both comparisons the same control group is used; in the total 

of all patients this groups is accounted for once. 

 

GIK and clinical outcome 

The effect of GIK on 30-day mortality in ST segment elevation MI has been investigated by 

several clinical trials.16-18;27-37 An overview of the results of published trials (October 2004) 

is presented in table 6. Taken the results of all these trials together no significant beneficial 

effect on 30-day mortality is observed, mortality in GIK patients is 10.6% versus 12.3% in 

control patients (P=0.07). Care has to be taken since the individual trials differed in 

design. Trials used GIK in several doses and for different length of time. A few studies 

used GIK in combination with appropriate reperfusion therapy.16-18;37 When the results of 

these trials are analyzed separately, 30-day mortality is 4.8% in GIK patients compared to 

6.2% in control patients (P=0.27). The study by Satler and colleagues and the ECLA used 

thrombolysis as reperfusion therapy. In the first trial only 17 patients were included and 
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no one had died after 30-days. In the ECLA the observed effect in the sub-group of 

patients treated primarily with thrombolysis the mortality rate in GIK patients was 5.2% 

versus 15.2% in control patients (P=0.01) GIK in these patients seems promising, albeit 

that this observation comes from a sub-group of a pilot trial in which the mortality rate in 

the control group was high. The GIPS and REVIVAL treated patients primarily with primary 

PCI.17;18 After 30-days the mortality rates in GIK and control patients was almost similar. 

New trials as the ECLA GIK 2/CREATE trial, the Organization to Assess Strategies for 

Ischemic Syndromes (OASIS)-6 trial and GIPS-2 currently randomize thousands of 

patients to GIK or no GIK in adjunction to either thrombolysis and primary PCI. These trials 

will determine whether GIK is of clinical benefit in combination with different reperfusion 

strategies. 

 

GIK and time to reperfusion 

Based on the results of an experimental study it has been estimated that treatment with 

GIK has the potential to protect ischemic myocardium before reperfusion for 10 hours or 

even longer.38 Two studies in Sprague-Dawley rats found that GIK can preserve the 

ischemic myocardium when started at reperfusion or even after reperfusion.39;40 The first 

study observed that GIK treatment started at the onset of reperfusion reduced infarct size 

to the same extent as GIK started throughout ischemia and reperfusion.39The other 

showed that after 20 minutes of global ischemia contractile function was improved. 40 In 

our study the time between admission and reperfusion averaged 45 minutes. The infusion 

of GIK was started up to 30 minutes before PCI. We did not record the exact time of start 

of the infusion and therefore did not perform additional analysis on the relation of the time 

of infusion and ST segment elevation resolution. It can be suggested that GIK is likely to 

have the most effect when started as soon as possible. However based on experimental 

results, GIK may still induce favourable effects when started during or after reperfusion. 

 

Mechanisms of action of GIK 

There are several potential mechanisms of the effects of GIK in the treatment of acute 

myocardial infarction.41 An important mechanism is the effect on substrate metabolism. 

GIK induces a decrease in myocardial uptake of free fatty acids, and reduces the amount 

of circulating free fatty acids and promotes the use of glucose as primary myocardial 

energy substrate.42;43 Insulin may be the principle component of this therapy. It has been 

demonstrated that hyperinsulinemia can increase coronary blood flow in patients with 

significant coronary artery disease.38 Even a small increase in myocardial blood flow can 

reduce myocardial ischemia.44 The vasodilative effects of insulin on coronary arteries are 

probably similar in patients with and without diabetes mellitus.45;46 The observed relation 

between GIK infusion and ST segment elevation resolution in our trial, i.e. microvascular 
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reperfusion, support this concept. GIK infusion also resulted in an improvement of 

regional myocardial perfusion and function mainly in segments adjacent to the infarcted 

area as determined with technetium-99m-tetrofosmin-gated SPECT.47 Finally, insulin 

promotes tolerance against ischemic cell death via the activation of innate cell-survival 

pathways in the heart.48 

 

Study limitations 

Paired ECGs were available in only 65% of patients enrolled in the GIPS, due to various 

reasons. Nevertheless, the groups were well-matched, and our analysis has adequate 

statistical power. We performed a post-hoc analysis and our findings should be confirmed 

in future prospective studies. Quantitative ST segment evaluation may be more accurate, 

but recent post-hoc data from the Controlled Abciximab and Device Investigation to 

Lower Late Angioplasty Complications (CADILLAC) trial have reconfirmed the usefulness 

of visual grading in 3 categories.49 Grading of ST segment elevation resolution at a fixed 

period of time after reperfusion therapy, in our study 3 hours, may have limitations. 

Myocardial reperfusion is a dynamic process during which alternating episodes of ST 

segment elevation resolution may occur.50 Fluctuation of the ST segment has been 

described during or shortly after thrombolysis and primary PCI, and continuous ST 

segment monitoring has shown to be a valid alternative.50;51 Additional treatment with 

medication could influence early reperfusion and ST segment elevation resolution. We did 

not record the time concomitant medication was started. Aspirin, heparin and 

nitroglycerin were started early after admission. Clopidogrel was given to patients who 

received a stent. However, there were no differences in pharmacotherapy between GIK 

patients and controls (table 7). 

 

Table 7. Additional treatment at hospital discharge according to treatment group 

Medication GIK group Control group 

Aspirin 421 (88.4) 398 (85.8) 

Clopidogrel 194 (40.8) 192 (41.4) 

Coumarins 36 (7.6) 45 (9.7) 

Beta-blockers 392 (82.3) 381 (82.1) 

ACE-inhibitors 245 (51.5) 244 (52.6) 

AII receptor antagonists 7 (15) 3 (0.6) 

Calcium channel blockers 15 (3.2) 19 (4.1) 

Diuretics 46 (9.7) 67 (14.4) 

Nitrates 70 (14.7) 67 (14.4) 

Statins 285 (51.3) 271 (48.7) 

Data are number (%). 
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Conclusion 

 

In patients with ST segment elevation MI, addition of GIK to primary PCI is associated with 

improved ST segment elevation resolution. ST segment elevation resolution is related to 

improved 1-year survival. A significant benefit of GIK on 1-year outcome was not 

observed. 
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Abstract 

 

Background 

Infusion of high-dose glucose-insulin-potassium infusion (GIK) appears to be beneficial in 

acute myocardial infarction (MI). It has been shown that GIK induces derangement in 

systemic glucose and potassium levels. We thought to investigate the effect of metabolic 

derangements on outcome in MI patients. 

 

Methods 

Patients with signs and symptoms of ST segment elevation MI and treated with primary 

percutaneous coronary intervention (PCI) were randomized to no infusion or high-dose 

GIK, i.e. 80 mmol potassium chloride in 500 mL 20% glucose with a rate of 3 mL/kg/hour 

and 50 units short-acting insulin in 50 mL 0.9% sodium chloride for 12 hours. We have 

investigated the effect of GIK infusion on serum values of glucose and potassium and the 

relation between derangement and 1-year mortality.  

 

Results 

In 940 patients a total of 6991 glucose values and 7198 potassium values were obtained. 

Mean serum glucose was 9.3±4.5 mmol/L in the GIK group (N=476) compared to 8.4±2.9 

mmol/L in the control group (N=464) (P<0.001). Hyperglycemia (glucose >11.0 mmol/L) 

occurred in 337 patients (70.8%) treated with GIK and in 157 controls (33.8%) (P<0.001). 

A total of 48 hyperglycemic patients (9.4%) died versus 21 patients (4.7%) without 

hyperglycemia (P=0.004). In patients with hyperglycemia 1-year mortality was 8.3% in the 

GIK group versus 12.7% in controls (P=0.14). Hypoglycemia (glucose ≤3.0 mmol/L) 

occurred in 10 patients of whom 2 patients (20%) died, both treated with GIK. 

Hyperkalemia (potassium >5.5 mmol/L) was present in 26 GIK patients (5.5%) and 15 

controls (3.2%) (P=0.11), and of these patients 9 (34.6%) in the GIK group and 9 (60%) in 

the control group died (P=0.19). Hypokalemia (potassium ≤3.5 mmol/L) occurred in 112 

patients (23.5%) in the GIK group and 191 patients in the control group (41.2%) (P<0.001). 

A total of 30 patients (9.9%) with hypokalemia died, 10 GIK patients (8.9%) and 20 

controls (10.5%) (P=0.84). 

 

Conclusion 

In ST segment elevation MI patients treated with primary PCI high-dose GIK induced 

hyperglycemia and hyperkalemia and prevented hypokalemia. These metabolic 

derangements were related to 1-year mortality. The beneficial effect of GIK on mortality 

may be dimished by these derangements. 
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Introduction 

 

In the past three decades an extensive body of evidence has accumulated that 

underscores the importance of glucose metabolism during ischemia and reperfusion of 

the heart. A meta-analysis involving nine early clinical studies with 1932 patients indicated 

that GIK might play an important role in reducing in-hospital mortality after acute 

myocardial infarction (MI).1 In the four studies in which a higher dose was used, a 

reduction in mortality from 12% in the control group to 6.5% in the GIK group was 

observed.2-5 In these studies high-dose GIK denoted an infusion of at least 30 grams of 

glucose, 50 units of insulin, and 80 mmol potassium per liter at a rate of 1.5 mL/kg/hour 

This dose maximally suppressed arterial free fatty acids (FFA) levels and myocardial FFA 

uptake, and induced a maximal increase in myocardial glucose uptake.6 Thereafter in the 

Estudios Cardiologicos Latinoamerica (ECLA) pilot trial the combination of reperfusion and 

GIK was related to a 10% 30-day mortality reduction (5.2% versus 15.2%, P<0.001). In a 

randomized trial with 940 patients we studied if primary percutaneous coronary 

intervention (PCI) with high-dose GIK was beneficial.7 After 30 days the mortality rate in 

the overall population was 4.8% in the GIK group compared to 5.8% in the control group 

(P=0.50). In the large predefined subgroup of 856 patients without signs of heart failure 

the mortality reduction was 3.0% (1.2% versus 4.2%, P=0.01). 

In two early studies with 30 and 104 patients the infusion of GIK in MI patients induced 

hyperglycemia and hyperkalemia.8;9 The ECLA observed no significant differences 

between mean glucose levels in the GIK and control group during 48 hours.10 The mean 

potassium level was higher at 24 and 48 hours. The relation between these changes and 

outcome were not investigated. We shought to determine the relation between metabolic 

derangements induced by GIK infusion and 1-year mortality. 

 

Methods 

 

Study population 

Patients with symptoms and signs of ST segment elevation MI eligible for primary PCI 

were randomized to GIK or no infusion. GIK consisted of a continuous infusion of 80 mmol 

potassium chloride in 500 mL 20% glucose with a rate of 3 mL/kg/hour in a peripheral 

venous line and 50 units short-acting insulin in 50 mL 0.9% sodium chloride. The dose 

and adjustments of insulin infusion were based on a modified algorithm, to obtain blood-

glucose levels between 7.0 and 11.0 mmol/L (figure 1). The infusion was continued for a 

maximum of 12 hours. All patients went to the catheterization laboratory where PCI was 

performed if the coronary anatomy was suitable. The research protocol was reviewed and 
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approved by the medical ethics committee, and patients were included after informed 

consent. 

 

Figure 1. Algorithm of insulin infusion rate in patients randomized to the GIK group. 

 

Scheme 1: Starting dose of insulin infusion rate 

Glucose (mmol/L) Additional action Infusion rate (IU/hour) 

>15 8 IU short-acting insulin i.v. 30 

11.0-15.0  30 

10.0-10.9  24 

9.0-9.9  18 

8.0-8.9  12 

7.0-7.9  6 

<7  3 

 

Scheme 2: Hourly adjustment of insulin infusion rate based on hourly measured glucose 

Glucose level (mmol/L) Additional action Infusion rate (IU/hour) 

>15 8 IU short-acting insulin i.v. Increase with 6 

11.0-15.0  Increase with 3 

7.0-10.9  Leave unchanged 

4.0-6.9  Decrease with 6 

<4 1. Stop infusion for 15 minutes 

2. Measure blood glucose level every 15 minutes until >6.9 

mmol/L 

3. Start infusion with infusion rate 6 mL/hour beneath rate 

before stop 

4. If symptoms of hypoglycemia are present than give 20 mL of 

glucose 30% i.v. 

 

 

Metabolic determinants 

In all patients frequent measurements of glucose and potassium (Modular System, 

Roche/Hitachi, Basel, Switzerland) were obtained. We defined hyperglycemia as a glucose 

level >11.0 mmol/L11, hypoglycemia as a glucose ≤3.0 mmol/L12, hyperkalemia as a 

potassium level of ≥5.5 mmol/L13, and hypokalemia as a potassium level ≤3.5 mmol/L14. 

We compared the incidence of glucose or potassium values in GIK and control group, and 

in addition determined the relation between these derangements and 1-year mortality. 
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Statistical analysis 

Data were expressed as means with standard deviation unless otherwise indicated. 

Differences between group means at baseline were assessed with the two-tailed Student’s 

t-test. Chi-square analysis was used to test differences between proportions. Survival was 

calculated by the Kaplan-Meier product-limit method. The Log-rank test was used to 

evaluate differences in survival curves between the two treatment groups. The Cox 

proportional-hazards regression model was used to calculate relative risks adjusted for 

differences in baseline characteristics. Differences were considered significant for a two-

tailed P-value <0.05. The Statistical Package for the Social Sciences (SPSS Inc., Chicago, 

IL, USA; version 11.0.1) was used for statistical analysis. 

 

Figure 2. Mean glucose level over 96 hours after admission 

0 10 20 30 40 50 60 70 80 90 100
0

5

10

15

20

25

GIK group

Control group

Time after admission (hours)

G
lu

co
se

 le
ve

l (
m

m
ol

/L
)

 

Mean±SD glucose level in patients in the GIK group (unbroken line) and control group (dashed line). 

 

Results 

 

A total of 6991 glucose values and 7198 potassium values were analyzed in 940 patients. 

Baseline characteristics of patients randomized to GIK (N=476) or no infusion (N=464) are 

represented in table 1. Mean glucose level was 9.3±4.5 mmol/L in the GIK group 

compared to 8.4±2.9 mmol/L in the control group (P<0.001), see table 2. The mean 

glucose values were significantly higher in the GIK patients between 2 and 6 hours after 

admission (figure 2). Hyperglycemia occurred in 337 GIK patients and in 157 control 
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patients (70.8% versus 33.8%, P<0.001). A total of only 10 patients developed 

hypoglycemia, 3 patients in the GIK group versus 7 patients in the control group (0.6% 

versus 1.5%, P=0.34). Mean potassium level was 4.2±0.5 mmol/L in the GIK group versus 

3.9±0.39 mmol/L in the control group (P<0.001), see table 2. The potassium levels were 

significantly higher in the GIK group between 2 and 48 hours (figure 3). A total of 26 

patients (5.5%) treated with GIK versus 15 patients (3.2%) who received no infusion had a 

potassium level of 5.5 mmol/L or higher (P=0.11). Hypokalemia was observed less often 

with 112 patients (23.5%) in the GIK group versus 191 patients (41.2%) in the control 

group (P<0.001).  

 

Figure 3. Mean potassium level over 96 hours after admission  
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Mortality at 1 year 

Thirty-one patients (6.5%) in the GIK group died compared to 38 patients (8.2%) in the 

control group (relative risk (RR) 0.79, 95% confidence interval 0.49–1.27, P=0.32). In the 

856 patients (91.1%) without signs of heart failure (Killip class 1) 11 patients (2.6%) died in 

the GIK group compared to 28 patients (6.5%) in the control group RR 0.38 (0.19–0.78, 

P<0.01), see figure 4. In the 84 patients (8.9%) with signs of heart failure (Killip class ≥2) 

20 patients (40%) in the GIK group versus 10 patients (29.4%) in the control group died RR 

1.46 (0.68–3.11, P=0.32). After adjustment for baseline variables independently associated 

with 1-year mortality in the overall population, the RR of mortality with GIK was 0.63 
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(0.39–1.04, P=0.07). In Killip class 1 patients the beneficial effect of GIK remained 

significant with an adjusted RR of 0.38 (0.19–0.78, P<0.01). In Killip class ≥2 patients an 

adjusted RR of 1.31 (0.55–3.14, P=0.54) was observed. 

 

Table 1. Baseline characteristics of the Glucose Insulin Potassium Study 

Characteristics GIK group Control group 

Age, years (mean±SD) 59.9±11.9 60.8±12.0 

Men 351 (73.7) 368 (79.3) 

Referred patients 201 (42.3) 180 (38.8) 

Body mass index (mean±SD) 26.7±3.8 27.0±4.0 

Previous MI 52 (10.9) 53 (11.4) 

Previous PCI 22 (4.7) 24 (5.2) 

Previous CABG 14 (2.9) 12 (2.6) 

History of stroke 17 (3.6) 15 (3.2) 

Diabetes mellitus 50 (10.5) 49 (10.6) 

Hypertension 134 (28.2) 130 (28.0) 

Dyslipidemia 94 (19.7) 95 (20.5) 

Currently smoker 225 (47.3) 237 (51.1) 

Positive family history 195 (41.0) 179 (38.6) 

Time to admission, min (IQR)* 150 (100-215) 150 (105-234) 

Door to balloon time, min (IQR) 45 (31-64) 48 (34-69) 

Killip class 1 426 (89.5) 430 (92.7) 

Killip class ≥2 50 (10.5) 34 (7.3) 

Anterior MI  250 (52.9) 224 (49.1) 

Multi-vessel disease 249 (52.3) 242 (52.2) 

PCI  436 (91.6) 424 (91.4) 

Stent ** 255 (58.5) 236 (55.7) 

GP IIb/IIIa receptor blocker ** 96 (22.1) 109 (25.7) 

In-hospital CABG 19 (4.0) 19 (4.1) 

TIMI 3 flow after PCI 459 (96.4) 435 (93.8) 

Successful reperfusion‡ 394 (82.8) 384 (82.8) 

Intra-aortic balloon pump 45 (9.5) 42 (9.1) 

Mechanical ventilation 12 (2.5) 4 (0.9) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. * Time 

to admission denotes time between onset of symptoms and until admission. † In-hospital CABG = 

CABG defined as patients treated initially conservative, followed by elective CABG within 7 days. ‡ 

Successful reperfusion denotes TIMI 3 flow and blush grade 2 or 3. ** Percentage defined as the 

percentage of the patients that underwent PCI. 
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Metabolic derangements and 1-year mortality 

In 494 patients with hyperglycemia during admission 48 patients (9.4%) died versus 21 

patients (4.7%) out of 446 patients without hyperglycemia RR 2.18 (1.28–3.70, P=0.004). 

The number of patients who died with hyperglycemia in the GIK group were 28 (8.3%) out 

of 337 patients compared to 20 patients (12.7%) out of 157 controls RR 0.62 (0.34–1.14, 

P=0.14). Only 10 patients had a glucose level equal to or below 3.0 mmol/L and 2 of these 

patients (20%) died. Both were randomized to infusion with GIK and both PCI procedures 

were not successful. One died on day 2 and the other on day 4 after admission. The 

lowest glucose value was 2.8 mmol/L and 3.0 mmol/L in these patients.  

A total of 41 patients had hyperkalemia and 18 patients (43.9%) did not survive after 1 

year. In the GIK group 26 patients had hyperkalemia and 9 patients (34.6%) died 

compared to 9 patients (60%) out of 15 patients in the control group RR 0.35 (0.10–1.31, 

P=0.19). Hypokalemia was present in 303 patients and 30 patients (9.9%) died. In the GIK 

group 10 patients (8.9%) out of 112 patients compared to 20 (10.5%) out of 191 control 

patients did not survive to 1 year, RR 0.84 (0.38–1.86, P=0.84). 

Table 2. Metabolic data of GIK group and control group patients 

 GIK group Control group P-value 

Glucose level (mean±SD) 9.3±4.5 8.4±2.9 <0.001 

Range 2.2–39.0 1.7–41.0  

5%-95% percentiles 5.3–18.9 5.6–13.9  

Hyperglycemia (%) 337 (70.8) 157 (33.8) <0.001 

Hypoglycemia (%) 3 (0.6) 7 (1.5) 0.34 

Potassium level (mean±SD) 4.2±0.5 3.9±0.4 <0.001 

Range 2.3–6.9 2.4–7.3  

5%-95% percentiles 3.5–4.9 3.4–4.6  

Hyperkalemia (%) 26 (5.5) 15 (3.2) 0.11 

Hypokalemia (%) 112 (23.5) 191 (41.2) <0.001 

 

Discussion 

 

In ST segment elevation MI patients treated with primary PCI infusion of high-dose GIK is 

related to significantly higher glucose levels during the first hours after admission. 

Hyperglycemia is observed in at least 7 out of 10 patients treated with GIK. This is more 

than double the rate of patients who received no infusion. The relation between GIK 

infusion and hyperglycemia was found by others. Prather and colleagues found that the 

mean glucose values were higher in 18 patients treated with GIK compared to 7 untreated 

controls during the infusion period of 48 hours.8 A relation that was also present in a study 
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by Sysoeva and colleagues comparing 56 patients treated with GIK with 48 controls.9 In 

the ECLA pilot trial including 407 patients no significant difference was observed in mean 

glucose values during the 24 hour infusion between GIK and control patients10. In the low-

dose Polish GIK (Pol-GIK) trial the mean glucose level in 494 GIK patients was even lower 

in 460 control patients after 24 hours (5.9 mmol/L versus 6.2 mmol/L). In this study the 

amount of insulin infusion was decreased because of a glucose level <3.4 mmol/L in 35 

(9.4%) out of 369 patients. In our study the amount of GIK infused however induced 

hyperglycemia and it has been suggested that hyperglycemia is related to impaired 

preconditioning, increased infarct size, and no-reflow phenomenon.15;16 Hyperglycemia is 

related to stress induced elevation of free fatty acids that may compromise myocardial 

function as they reduce contractility and increase ischemic and reperfusion injury. 

Possibly the potential beneficial effect of GIK could be diminished by the induction of 

hyperglycemia. Hypoglycemia was uncommon, and only 2 patients with hypoglycemia 

died, probably related to the sequel of unsuccessful reperfusion. In experimental studies 

hypoglycemia induced myocardial damage.17 In clinical studies it was found that 

hypoglycemia was related to increased in-hospital mortality.18 

 

The infusion of potassium as part of the GIK infusion in our study had an only minor effect 

on the mean potassium level of the GIK group. That the differences in potassium levels 

between both groups persisted for 48 hours can be understood from the fact that 

potassium needs to be cleared by the kidneys. In the Prather study the mean potassium 

level was approximately 1.5 mmol/L higher in GIK patients after 24 hours till 96 hours after 

admission.8 In the ECLA the potassium levels were also significantly higher (4.25 mmol/L 

versus 4.04 mmol/L at 24 hours (P=0.0001) and 4.24 mmol/L versus 4.08 mmol/L at 48 

hours (P=0.0027)). The number of GIK patients with hyperkalemia was somewhat higher 

and with hypokalemia a bit reduced. In the Pol-GIK trial 4 GIK patients (0.8%) had 

hyperkalemia and 3 patients (0.7%) had hypokalemia.13 The relation between 

hyperkalemia and 1-year mortality was especially present in the control group. Avoiding 

hypokalemia to be beneficial in several cardiovascular disease states including acute MI.19 

The relation between hypokalemia and arrhythmias is found in some but not all 

studies.14;20;21 Sodi-Pollares and colleagues were the first to suggest that GIK was 

beneficial in the treatment of ischemic myocardial arrhythmias.22 It was observed that GIK 

infusion limited changes on the electrocardiogram. 

 

In our study GIK had no significant effect on 1-year mortality in the overall population. In 

patients without heart failure at admission the beneficial effect that was found after 30-

days is still present.7 The ECLA pilot trial was the first to show a beneficial effect of GIK 

and reperfusion on in-hospital mortality.10 This effect was observed in the subgroup of 
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patients that also underwent thrombolysis, in-hospital mortality was 5.2% in 173 patients 

who received GIK versus 15.2% in 79 controls (P<0.01). 

 

Figure 4. Kaplan-Meier curve of Killip class 1 and Killip class ≥2 patients 

 

Kaplan-Meier curve showing cumulative survival of Killip 1 class and Killip class ≥2 patients 

randomized to GIK group or control group. Differences between the groups in Killip class 1 were 

significant (unadjusted P=0.01). Differences between the groups in Killip class ≥2 were non-

significant (unadjusted P=0.32). P-value was determined with the use of the Log-rank test. 

 

The main effect of the GIK infusion was considered to be the beneficial effect of 

administration of glucose to the ischemic myocardium. The infusion of insulin during 

myocardial ischemia was shown to have anti-inflammatory and anti-apoptotic effects.23-25 

It is suggested that infusion of insulin (and glucose) would increase contractile force.4 In 

contrast, others found that GIK made no difference in hemodynamic parameters in 110 

patients.5  The results of intensive insulin therapy in critically ill patients to maintain blood 

glucose below 6.1 mmol/l gives direction for metabolic interventions directed towards 

strict glucose control.26 Although this study focussed on the effects of strict glucose 

control as an important factor in explaining the positive results, the results may also be 

interpreted differently. In most GIK studies there was a trend towards significance despite 

the fact that normal glucose levels were not obtained.1;7;10 The beneficial effect of an 
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infusion of insulin during myocardial ischemia has been suggested by a small number of 

clinical studies, although they lacked a randomised design and were not conclusive.27;28 

The most favourable results of insulin treatment in acute MI were observed in the 

Diabetes Insulin-Glucose in Acute Myocardial Infarction (DIGAMI) study. The DIGAMI 

included 620 patients with diabetes mellitus or glucose at admission >11.0 mmol/L were 

included.29;30 The combination of insulin-glucose infusion followed by intensive insulin 

treatment resulted in both better glycemic control in the insulin-glucose group 24 hours 

after randomization, with a blood-glucose level of 9.6 versus 11.7 mmol/L in the control 

group (P<0.0001). The reduction of in hospital mortality from 11.1% in the control group 

compared to 9.1% in the insulin-glucose group was non-significant.29;30 Data on the effect 

in patients who received thrombolysis (50% of all patients) were not reported. At 1-year 

follow-up, mortality was lower in the insulin-glucose group, with 18.6% versus 26.1% in 

the control group (P=0.0273). In a retrospective study including 3554 diabetic patients 

treated with coronary artery bypass grafting (CABG) glucose levels were lower in patients 

regulated with continuous insulin infusion compared to subcutaneous insulin injections 

(9.8 mmol/L versus 11.8 mmol/L, P <0.0001).31 The observed mortality was 2.5% in 2612 

patients treated continuously versus 5.3% in 942 patients treated intermittent (P <0.0001). 

Likewise, a recent study of 141 diabetic CABG patients found that treatment with GIK 

resulted in lower glucose levels (7.7 mmol/L versus 14.4 mmol/L, P<0.0001) and after 2 

years a reduction of mortality (P=0.04).32  

 

Conclusion 

 

This study shows that in ST segment elevation MI patients treated with primary PCI 

infusion of high-dose GIK is related to both hyperglycemia and hyperkalemia, and 

prevention of hypokalemia. Possibly the beneficial effect of GIK on mortality was reduced 

by inducing these derangements. Substantial experimental evidence underscores the 

potential beneficial effects of metabolic treatment with glucose, insulin, and potassium for 

the heart exposed to the injuries of ischemia and reperfusion. Future trials have to 

determine whether or not to aim for strict glucose regulation during acute MI, and which 

algorithm allows a feasible and effective infusion of high-dose GIK without inducing 

metabolic disturbances. 
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Abstract 

 

Introduction 

A combined approach of mechanical reperfusion of the infarct-related coronary artery and 

cardiac protection with glucose-insulin-potassium (GIK) infusion has been proposed to 

protect the ischemic myocardium. 

  

Methods 

We investigated the long-term clinical outcome of GIK infusion in ST segment elevation 

myocardial infarction (MI) patients treated with primary percutaneous coronary 

intervention (PCI). We performed an open-label randomized controlled trial, conducted 

from April 1998 to September 2001 in a single center. Nine hundred and forty patients 

with ST segment elevation MI and eligible for primary PCI were enrolled and followed for 

3 years. Patients received either a continuous infusion of 80 mmol potassium chloride in 

500 mL 20% glucose with a rate of 3 mL/kg/hour with a continuous infusion of short-

acting insulin with the use of a pump for 8 to 12 hours or no infusion.  

 

Results 

All-cause mortality was 98 (10.4%) out of 940 patients after 3-year. Factors related to long-

term mortality were age, previous cardiovascular disease, anterior MI, Killip class ≥2, (all 

P< 0.001), multi-vessel disease (P=0.001), and female gender (P=0.032). In the GIK group 

46 (9.7%) out of 476 patients died compared to 52 (11.2%) out of 464 control patients 

(P=0.44). In patients with Killip class 1 (N=856) randomization to GIK resulted in a lower 3-

year mortality, adjusted relative risk 0.56 (0.34-0.94, P=0.028). Other factors related with 

long-term mortality in Killip class 1 patients were age (P<0.001), previous cardiovascular 

disease (P<0.001), anterior MI location (P=0.05), and multi-vessel disease (P=0.03). 

 

Conclusion 

Cardiac protection with GIK infusion and primary PCI in acute MI did not result in a 

significant mortality reduction in all patients. During the 3-years follow-up, the beneficial 

effect observed after 30-days in the predefined subgroup of Killip class 1 patients was 

sustained. 
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Introduction 

 

High risk patients with early and sustained reperfusion of the infarct-related artery in acute 

ST segment elevation myocardial infarction (MI) the mortality rate may still be up to 10 

percent.1-4 To further improve the outcome for ST segment elevation MI patients therapies 

directed toward cardiac protection have been suggested to be of additive value.5 One of 

these strategies is the infusion of glucose, insulin and potassium (GIK).6 The concept of 

metabolic protection of the ischemic myocardium hinges on the fact that glucose can be 

metabolized anaerobically and can thereby provide glycolytic adenosine triphosphate 

(ATP) in the cytosolic compartment.7 In both acute myocardial infarction and cardiac 

surgery the effect of GIK infusion has been investigated. An overview of trials in the era 

before reperfusion found that GIK resulted in improved short-term survival.8 New 

promising results were found in a pilot trial of GIK, in particular in patients treated with 

either thrombolysis or primary percutaneous coronary intervention (PCI).9 To investigate 

the potential role of the combination of GIK and early reperfusion, we conducted a 

randomized trial. We found no significant beneficial effect of GIK and primary PCI in the 

overall population.10 In a study of insulin infusion in diabetic patients with acute MI no 

effect was found on 30-day mortality.11 However, after 3.43 years follow-up the absolute 

mortality reduction was 11% (P=0.011).12 Long-term effects of GIK in MI patients have not 

been studied and described previously. We therefore investigated long-term clinical 

outcome in all patients enrolled in the Glucose-Insulin-Potassium Study (GIPS). 

 

 

Methods 

 

Patients 

The diagnosis acute MI included chest pain suggestive for myocardial ischemia for at least 

30 minutes, a time from onset of symptoms less than 12 hours before hospital admission, 

and an ECG recording with ST T segment elevation of more than 1 mV in two or more 

contiguous leads or new onset left bundle-branch block on the electrocardiogram.13;14 

Patients had to be eligible for acute angiography with a view to perform primary PCI. 

Patients presenting at our center and patients referred for treatment of high-risk MI, from 

nine referring hospitals without angioplasty facilities, were included. Patients were 

excluded when pre-treated with thrombolysis or when an illness associated with a marked 

restricted life expectancy was present. Before randomization baseline characteristics were 

recorded. The research protocol was reviewed and approved by the medical ethics 

committee of our hospital, and patients were included after informed consent.  
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Study Protocol 

After admission patients were randomly assigned, with the use of a computerized 

randomization program, to either GIK infusion or no infusion. In the GIK group, a 

continuous infusion of 80 mmol potassium chloride in 500 mL 20% glucose with a rate of 

3 mL/kg/hour in a peripheral venous line was given over a period up to 12 hours. The 

infusion was started as soon as possible. A continuous infusion of short-acting insulin (50 

units Actrapid HM [Novo Nordisk, Copenhagen, Denmark] in 50 mL 0.9% sodium chloride 

was started with the use of a pump (Perfusor-FM, B. Braun, Melsungen, Germany). 

Baseline insulin-infusion dose and hourly adjustments of the insulin dose were based on a 

modified algorithm, to obtain blood-glucose levels between 7.0 and 11.0 mmol/L, based 

on measurements of whole-blood glucose (Modular System, Roche/Hitachi, Basel, 

Switzerland).  

After the infusion was started, all patients went to the catheterization laboratory where 

both coronary arteries were visualized. PCI was performed with standard techniques if the 

coronary anatomy was suitable for PCI. Additional standard treatment consisted of 

heparin, nitroglycerin intravenously, and aspirin 500 mg intravenously or 300 mg orally. 

Low molecular weight heparin was given after sheath removal. 

Standard therapies after PCI included aspirin 80 mg, clopidogrel 75 mg, beta-blockers, 

lipid lowering agents and angiotensin converting enzyme inhibitors or angiotensin II 

receptor blockers and were used according to the guidelines of the European Society of 

Cardiology/American College of Cardiology at that time.13;15 All patients were seen 

approximately 6 weeks after discharge at the outpatient clinic. The additional treatment 

was evaluated and changed if indicated, i.e. start or increase in dosing of anti-

hypertensive medication if blood pressure was above the goal or of statins if lipid profile 

did not meet guideline criteria. 

 

Statistical analysis 

The primary endpoint of this analysis was 3-year (long-term) mortality. The incidence of 

death was evaluated in predefined subgroups including age <60 year versus ≥60 year, 

men versus women, anterior MI versus non-anterior MI, diabetics versus non-diabetics, 

and Killip class 1 versus Killip class ≥2, successful reperfusion versus no successful 

reperfusion. Successful reperfusion was defined by TIMI blood flow grade 3 in 

combination with myocardial blush grades 2 and 3.16;17 Analyses were performed 

according to the intention-to-treat principle. Relative risks (RR) were calculated by dividing  
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Table 1.  Baseline clinical and demographic characteristics and initial therapies 

Characteristic GIK Control 

Number of patients 476 464 

Age, years (mean±SD) 59.9±11.9 60.8±12.0 

Men 351 (73.7) 368 (79.3) 

Referred patients 201 (42.3) 180 (38.8) 

Body mass index 26.7±3.8 27.0±4.0 

Previous MI 52 (10.9) 53 (11.4) 

Previous PCI 22 (4.7) 24 (5.2) 

Previous CABG 14 (2.9) 12 (2.6) 

History of stroke 17 (3.6) 15 (3.2) 

Diabetes mellitus 50 (10.5) 49 (10.6) 

Hypertension 134 (28.2) 130 (28.0) 

Dyslipidemie 94 (19.7) 95 (20.5) 

Currently smoker 225 (47.3) 237 (51.1) 

Positive family history 195 (41.0) 179 (38.6) 

Time to admission, min (IQR)* 150 (100-215) 150 (105-234) 

Door to balloon time, min (IQR) 45 (31-64) 48 (34-69) 

Killip class 1 426 (89.5) 430 (92.7) 

Killip class 2 24 (5.0) 14 (3.0) 

Killip class 3 14 (2.9) 14 (3.0) 

Killip class 4 12 (2.5) 6 (1.3) 

Anterior MI  250 (52.9) 224 (49.1) 

Multi-vessel disease 249 (52.3) 242 (52.2) 

PCI  436 (91.6) 424 (91.4) 

Stent ** 255 (58.5) 236 (55.7) 

GP IIb/IIIa receptor blocker ** 96 (22.1) 109 (25.7) 

In-hospital CABG 19 (4.0) 19 (4.1) 

TIMI 3 flow after PCI 459 (96.4) 435 (93.8) 

Data are number (%) unless otherwise indicated. MI = myocardial infarction. IQR = interquartile 

range. PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. * Time 

to admission denotes time between onset of symptoms and until admission. † In-hospital CABG = 

CABG defined as patients treated initially conservative, followed by elective CABG within 7 days. ** 

Percentage defined as the percentage of the patients that underwent PCI. 

 

the cumulative incidence rate in the GIK group by the cumulative incidence rate in the 

control group. The relative risks for 3-year mortality were also determined for clinical and 

demographic characteristics and randomization group. Differences between group means 
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at baseline were assessed with the two-tailed Student’s t-test. Chi-square analysis or 

Fisher’s exact test was used to test differences between proportions. Mortality was 

calculated by the Kaplan-Meier product-limit method. The Log-rank test was used to 

evaluate differences in survival curves between the two treatment groups. The Cox 

proportional-hazards regression model was used to calculate relative risks adjusted for 

differences in baseline characteristics. Statistical significance was considered a two-tailed 

P-value <0.05. The Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, 

USA) version 11.5 was used for all statistical analysis. Sample size calculation and other 

details of the statistical methods have been published.10 

Table 2. Additional treatment at hospital discharge according to treatment group 

Medication GIK group Control group 

Aspirin 421 (88.4) 398 (85.8) 

Clopidogrel 194 (40.8) 192 (41.4) 

Coumarins 36 (7.6) 45 (9.7) 

Beta-blockers 392 (82.3) 381 (82.1) 

ACE-inhibitors 245 (51.5) 244 (52.6) 

AII receptor antagonists 7 (1.5) 3 (0.6) 

Calcium channel blockers 15 (3.2) 19 (4.1) 

Diuretics 46 (9.7) 67 (14.4) 

Nitrates 70 (14.7) 67 (14.4) 

Statins 285 (51.3) 271 (48.7) 

Data are number (%). ACE = angiotensin-converting enzyme. AII = angiotensin II. 

 

Results 

 

The baseline clinical and demographic characteristics of the 476 patients in the GIK group 

and 464 patients in the control group are represented in table 1. GIK infusion was started 

15 to 20 minutes after admission. Average door to balloon time was 45 minutes in the GIK 

group and 48 minutes in the control group. After coronary angiography, 860 patients 

(90.5%) underwent primary PCI, 38 patients (4.0%) were referred for CABG within 7 days 

after initial stabilization, and 42 patients (4.5%) were treated conservatively. There were 

no differences in additional medication after hospital discharge between the GIK and 

control group (table 2). 

 

After 3 years 98 patients (10.4%) had died. A total of 50 patients (5.3%) died within 30 

days and 69 patients (7.3%) died within 1-year. Baseline characteristics that were related 
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to 3-year mortality were age (P<0.001), female gender (P=0.03), previous cardiovascular 

disease (P<0.001), anterior MI (P<0.001), Killip class ≥2 (P<0.001), and multi-vessel 

disease (P=0.001) (table 3). The relative risk (RR) per year was 1.04, female gender had a 

RR of 1.62, patients with a history of cardiovascular disease had a RR of 2.27, patients with 

an anterior MI had a RR of 2.56, patients with Killip class 2 a RR of 4.20, patients with Killip 

class 3 a RR of 12.52, and patients with Killip class 4 a RR of 26.23 compared to patients 

with Killip class 1. 

 

Table 3. Adjusted relative risks for 3-year mortality of baseline demographic and clinical 

characteristics in the overall population and Killip class 1 patients 

Characteristics Overall population Killip class 1 

 RR 3-year mortality P-value RR 3-year mortality P-value 

Randomization 0.75 (0.50-1.12) 0.17 0.81 (0.54-1.22) 0.27 

Age per year older 1.04 (1.02-1.06) <0.001 1.05 (1.03-1.07) <0.001 

Female gender 1.62 (1.04-2.50) 0.032 1.49 (0.96-2.33) 0.07 

Previous CVD* 2.73 (1.76-4.24) <0.001 2.66 (1.72-4.12) <0.001 

Killip class ≥2† 6.64 (4.32-10.2) <0.001   

Anterior MI 2.31 (1.51-3.52) <0.001 1.95 (1.27-2.97) <0.001 

Multi-vessel disease 2.32 (1.43-3.78) 0.001 2.18 (1.34-3.55) 0.002 

Relative risk for 3-year mortality of baseline demographic and clinical characteristics. RR = relative 

risk. MI = myocardial infarction. CVD = cardiovascular disease. * Previous cardiovascular disease is 

a combination of previous myocardial infarction, previous percutaneous coronary intervention, 

previous coronary artery bypass grafting, or previous cerebrovascular accident. † P-value of risk 

compared to patients with Killip class 1. 

 

3-year mortality was 46 of 476 patients (9.7%) randomized to GIK compared to 52 of 464 

patients (11.2%) in the control group (P=0.44, using the Log-rank test) (figure 1). After 

adjustment for characteristics related with 3-year mortality the RR was 0.75 (95% 

confidence interval 0.50-1.12, P=0.17). In 856 patients (91.1%) without signs of heart 

failure at admission (Killip class 1), 3-year mortality was 23 of 426 patients (5.4%) in the 

GIK group versus 41 of 430 patients (9.5%) in the control group, (P=0.019 using the Log-

rank test) (figure 2). In Cox proportional-hazards regression model the RR was 0.56 (0.33-

0.93, P=0.025). In patients without signs of heart failure at admission age (P<0.001), 

previous cardiovascular disease (P<0.001), anterior MI (P=0.05), Killip class ≥2 (P<0.001), 

and multi-vessel disease (P=0.03) were related to 3-year mortality (table 3). In 84 patients 

(8.9%) with signs of heart failure (Killip class ≥2), 3-year mortality was 23 of 50 patients 

(46%) in the GIK group and 11 of 34 patients (32%) in the control group (P=0.23, using 

the Log-rank test). As in our previous analysis of 30-day outcome, we did additional 
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analysis of predefined subgroups. Age, gender, ischemic time, infarct location, multi-

vessel versus single vessel disease, and TIMI flow had no impact on the difference on 

outcome between the GIK group and the control group. 

 

Figure 1. Kaplan-Meier of the overall population 

 

P-value is 0.44 using the Log-rank test. 

 

Discussion 

 

In line with our 30-day mortality results we did not find a significant benefit on survival, 3-

year after GIK infusion in ST segment elevation MI patients treated with primary PCI, in the 

overall population. The favourable effect in patients without signs of heart-failure at 

admission was sustained. The absolute reduction in mortality in these patients was 

approximately 3% during the entire follow-up period (Kaplan-Meier curve in Killip class 1 

patients, figure 2). 

 

Reasons for the absence of a survival benefit in all GIPS patients despite apparent 

improvements in myocardial function and mortality in earlier trials remain unclear. In the 

low-dose Polish-Glucose-Insulin-Potassium (Pol-GIK) trial with 954 patients 30-day 

mortality in the GIK group was significantly higher than in the control group (8.9% versus 
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4.8%, P=0.01).18 It is possible that the mortality reduction observed in the Estudios 

Cardiologicos Latinoamerica (ECLA) pilot trial was related to the mortality rate in the 

control group (15.1% in the ECLA pilot versus 5.8% in the GIPS).9 In the Reevaluation of 

Intensified Venous Metabolic Support for Acute Infarct Size Limitation (REVIVAL) trial with 

312 MI patients treated with primary PCI, GIK did not result in a significant difference in 

mortality after 6 months (5.8% in the GIK group versus 6.4% in the control group, 

P=0.85).19  

 

Figure 2. Kaplan-Meier in patients with Killip class 1 and Killip class ≥2 

 

P-value in Killip class 1 patients is 0.019, using the Log-rank test. P-value in Killip class ≥2 

patients is 0.23, using the Log-rank test. 

 

With the low mortality rate in the control group of GIPS, as in the REVIVAL, the study may 

have been underpowered to find an improvement in the mortality in the overall 

population. Another explanation of our findings could be the high number of patients with 

signs of heart failure in the GIK group. In these patients the volume load may be 

detrimental.9 A high number of patients died during the first days after admission (figure 

2). The number of patients with heart failure that died after 3 years was equal to the 

number of patients in other trials, such as the SHould we emergently revascularize 
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Occluded Coronaries for cardiogenic shocK (SHOCK) study.20 In the Diabetes Insulin-

Glucose in Acute Myocardial Infarction (DIGAMI) study with 620 patients with an acute MI 

and diabetes mellitus or glucose at admission >11.0 mmol/L, at 1-year follow-up, absolute 

mortality reduction was 7.5% (18.6% versus 26.1%, P=0.03).11 This increased to 11% 

(33% versus 44%, P=0.011) after a mean follow-up of 3.4 years.12 We did not see a similar 

pattern in our study population in mortality reduction. Possibly the post-discharge 

treatment with insulin in the DIGAMI study for at least 3 months caused this effect. The 

DIGAMI 2 will clarify this since diabetic MI patients have been randomized to acute insulin-

glucose infusion followed by multi-dose subcutaneous insulin, acute insulin-glucose 

infusion followed by conventional hypoglycemic therapy, or conventional hypoglycemic 

treatment. In 1548 patients admitted to a thoraco-surgical intensive care unit and 

randomized to either strict glucose regulation or conventional glucose-metabolic 

treatment short-term mortality decreased significantly (4.6% versus 8%, P<0.04).21 In two 

studies including diabetic patients treated with coronary artery bypass grafting strict 

glucose regulation with either insulin alone or GIK was related to a significant mortality 

reduction.22;23 

 

It has been postulated that through reduction in the extent of ischemic myocardial 

damage and suppression of free fatty acid levels, GIK therapy prevents reperfusion injury 

that may occur after successful revascularization.24 Protection of the cell membrane of 

ischemic cardiac cells may also improve reflow after reperfusion and protect against no-

reflow phenomenon by reducing cell swelling and microvascular compression. It has been 

estimated that GIK therapy has the potential to protect ischemic myocardium before 

reperfusion for 10 hours or even longer.25 Our study offered the opportunity to analyse the 

effect of GIK in patients with different ischemic times, i.e. time from symptom-onset to 

admission and door to balloon time. We could not find a relation between time delays and 

the effect of GIK on long-term outcome. 

 

Should this therapy have any role in the contemporary management of acute MI? In MI 

patients treated with primary PCI in the absence of signs of heart failure the absolute 

mortality reduction of approximately 3% would imply that a number of 34 patients are 

needed to treat to save one. Since this study had no exclusion criteria for elderly patients, 

women, etcetera, the results can easily be translated into daily practice. In patients with 

signs of heart failure infusion further research is needed on the infusion rate and quantity 

before the effect on survival can be reinvestigated. Large trials are currently undertaken 

such as the ECLA GIK 2/CREATE trial, Organization to Assess Strategies for Ischemic 

Syndromes (OASIS)-6 trial, and the GIPS 2 to resolve various issues related to metabolic 

interventions in acute MI. 
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Conclusion 

 

In patients with ST segment elevation MI treated with primary PCI, infusion of GIK has no 

significant long-term beneficial effect. In the large subgroup of patients without signs of 

heart failure at admission GIK reduced short-term and long-term mortality. 
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Abstract 

 

Background 

In ST segment elevation myocardial infarction (MI) there is conflicting evidence that 

mortality, morbidity and infarct size is reduced by therapies influencing myocardial 

metabolism, such as infusion of glucose-insulin-potassium (GIK). Several clinical trials 

with GIK have already provided insight in the magnitude of this effect. Our aim was to 

investigate current evidence on the potential beneficial effect of GIK infusion in ST 

segment elevation MI. 

 

Methods 

Randomized trials comparing GIK with placebo or untreated controls in patients with ST 

segment elevation MI were identified by electronic and manual searches. A systematic 

analysis of all data was performed, with regard to inclusion criteria, dose of GIK and 

additional use of reperfusion therapy. 

  

Results 

Thirteen trials, involving 5009 patients, were included. Overall, hospital mortality was 

10.7% after GIK compared to 12.8% in controls (P=0.02). GIK infusions were in particular 

effective when a high-dose was used and if given as adjunctive to reperfusion therapy. 

Low-dose GIK was less beneficial, and may even increase hospital mortality. Also in 

patients with heart failure on admission, GIK may have worse effects. In all analyzed trials, 

GIK infusion caused only mild adverse effects, although fluid overload may be a problem 

in certain patients.  

 

Conclusion 

GIK may reduce mortality in patients with STEMI, particularly if a high dose is used and 

when GIK is administered as an adjunct to reperfusion therapy. However, all studies had a 

relative small sample size and additional large randomized trials are certainly needed 

before a definite conclusion can be made. The limited evidence currently available does 

not warrant GIK therapy to be applied in patients at the present time. 
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Introduction 

 

Glucose-insulin-potassium (GIK) infusion in the treatment of ST segment elevation 

myocardial infarction (MI) has been a field of interest for many decades.1;2  However, the 

results of early studies investigating the effect of GIK on clinical outcome after myocardial 

infarction were inconclusive and attention focussed on reperfusion therapies. 

Furthermore, lack of financial interest of the pharmaceutical industry made it difficult to 

perform a large clinical trial. Although early and sustained reperfusion is indeed the most 

important initial treatment of ST segment elevation MI, agents that influence energy 

substrate metabolism in the reperfused myocardium may have additional beneficial 

effects. In a meta-analysis of earlier randomised trials of GIK in ST segment elevation MI, it 

was shown that GIK has potential beneficial effects, but studies in the reperfusion era 

were lacking.3 Furthermore, the meta-analysis suggested that beneficial effects of GIK are 

particularly seen if high-dose GIK infusion was used.3;4 This potential dose dependent 

effect of GIK was also observed before. After the meta-analysis was published, several 

randomised trials have been reported, also with GIK as adjunctive therapy to reperfusion 

therapies.5-7 However, most trials had a relative small sample size. A meta-analysis or 

review of all relevant trials can provide sufficient power to demonstrate differences in 

outcome. This article will review the currently available data concerning the clinical 

benefits and potential mechanism of action of GIK. We also performed a stratified analysis 

of the effects of high and low dose GIK infusion, including all recently published trials.  

 

 

Methods 

 

We attempted to obtain results from all completed, published, randomised trials of GIK in 

acute MI. The literature was scanned by formal searches of electronic databases 

(MEDLINE) and informal searches for studies concerning the potential mechanism of 

action of GIK. Since experimental and clinical studies have suggested a dose-response 

curve of GIK, we performed stratified analyses of the effects of low and high dose of GIK. 

A high dose GIK was defined as an intravenous infusion of GIK in a dose equal to or 

higher than used by Rackley et al, 30% glucose (300 mg/L), 50 IU/L regular insulin and 80 

mmol/L potassium chloride at 1.5 mL/kg per hour infusion rate.4 Our primary efficacy 

outcome of interest was hospital mortality. We calculated the relative risk (RR) for hospital 

death of patients treated with GIK as compared to those treated with placebo or no 

infusion. The RR and its 95% confidence interval (CI) were calculated for each trial and the 

grand totals. 
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Results 

 

Our search yielded 13 studies, involving 5009 patients. The meta-analysis of Fath-

Ordoubadi and Beatt including 9 studies did not include three recently published trials.3 

They also excluded the Diabetes Mellitus, Insulin Glucose Infusion in Acute Myocardial 

Infarction (DIGAMI) in which GIK (insulin-glucose) was studied in patients with diabetes 

mellitus or a glucose at admission of >11.0 mmol/L.3;8 Baseline characteristics of all 

randomised trials are summarised in table 1. The studies used GIK in different doses, and 

the time from onset of symptoms of myocardial infarction to treatment varied, with a large 

proportion of patients being treated after more than 6 hours from onset of symptoms. It is 

shown that in patients with ST segment elevation MI treated by primary coronary 

intervention, symptom-onset-to-balloon time is related to mortality.9 This study found that 

a symptom-onset-to-balloon time >4 hour was identified as independent predictor of one-

year mortality. The studies included in the meta-analysis of Fath-Ordoubadi and Beatt had 

several other limitations.3 Firstly, randomization was not always optimal, resulting in 

significant differences in baseline clinical characteristics between the two treatment 

groups.1;10  Secondly, mortality rates were generally very high in both the treatment and in 

placebo groups, with hospital mortality up to 28%.11 Furthermore, only the study by Satler 

and colleagues including only 17 patients also received reperfusion therapy.12 The first 

randomised prospective trial in the era of reperfusion, the DIGAMI study including only 

patients with diabetes mellitus, found that the combination of insulin-glucose infusion with 

an intensive insulin treatment for at least three months after discharge resulted in a 

reduction in hospital mortality of 58% in patients without prior insulin use and a low 

cardiovascular risk profile.8 Potassium was added to the infusion when necessary. The 

Estudios Cardiologicos Latinoamerica (ECLA) pilot trial, was published in 1998 and also 

showed a beneficial effect of GIK.6 This effect was in particular observed in patients who 

also underwent reperfusion therapy. Hospital-mortality was 5.1% in patients treated with 

GIK versus 15.1% in controls (P<0.01). Most patients were treated with thrombolysis as 

reperfusion therapy, whereas only 3% were treated with primary angioplasty. In 1999, the 

Polish-Glucose-Insulin-Potassium (Pol-GIK) trial was published, including 954 patients.5 

This trial demonstrated no differences in cardiac mortality or the occurrence of cardiac 

events at 35 days between GIK (6.5%) and control patients (4.6%). Total mortality at 35 

days was even higher in the GIK group (8.9%) than in controls (4.8%, P<0.01). However, 

in this trial low-dose GIK was used. The most recent study, the Glucose Insulin Potassium 

Study (GIPS), included 940 ST segment elevation MI patients all treated with primary 

angioplasty as reperfusion therapy.7 High-dose GIK resulted in a non-significant reduction 

of mortality in GIK treated patients in the total patient group (4.8% versus 5.8%, P=0.50). 
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However, a significant mortality reduction was found in patients without signs of heart 

failure (1.2% versus 4.2%, P=0.01).  

With regard to the presumed protective effect of GIK infusion on the myocardium, several 

studies were performed investigating the benefit of GIK infusion during cardiac surgery. 

Comparison of results is difficult because the studies differed in initiation of GIK (pre, 

during or post cardiac surgery), duration and dosing of GIK13-15 and end points (including 

enzymatic myocardial damage, need for inotropic support and mortality). Lazar et al. 

found a benefit of GIK in two small sized studies.16;17 However, many other trials, including 

a well sized randomised trial (N=1127), failed to show a clear benefit of GIK infusions in 

cardiac surgery.18;19  So, no definite conclusions about the use of GIK infusions in cardiac 

surgery can be drawn. 

 

Table 2.  30-day mortality in patients treated with high-dose GIK and low-dose GIK versus 

control patients of published trials 

 Included patient 30-day mortality 

Trial (ref) GIK patients Control patients GIK patients Control patients 

 N N N (%) N (%) 

Heng38 12 15 1 (8.3) 0 (-) 

Stanley39 55 55 4 (7.3) 4 (7.3) 

Rogers10 61 73 4 (6.5) 9 (12.3) 

Satler12 10 7 0 (-) 0 (-) 

ECLA6* 135 139 10 (7.4) 16 (11.5)* 

GIPS7 476 464 23 (4.8) 27 (5.8) 

DIGAMI8 306 314 28 (9.2) 35 (11.1) 

Total (high-dose) 1065 1074 70 (6.6) 96 (8.9) 

Mittra11 85 85 10 (11.8) 24 (23.5) 

Pilcher40 49 53 6 (6.7) 12 (22.7) 

Pentecost2 100 100 15 (15.0) 16 (16.0) 

MRC1 480 488 103 (21.5) 115 (23.6) 

Hjermann 21 104 100 11 (9.6) 20 (20) 

ECLA6* 133 139 10 (7.5) 16 (11.5)* 

Pol-GIK5 494 460 44 (8.9) 22 (4.8) 

Total (low-dose) 1445 1425 199 (13.8) 225 (15.8) 

Total (all) 2510 2499 269 (10.7) 321 (12.8) 

Data are number or number (%). Ref denotes reference. N denotes number of patients. ECLA = 

Estudios Cardiologicos Latinoamerica. GIPS = Glucose-Insulin-Potassium Study. DIGAMI = 

Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarction. MRC = Medical Research 

Council. Pol-GIK = Polish Glucose Insulin Potassium. *In both comparisons the same control group 

is used; in the total of all patients this groups is accounted for once. 
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Time to treatment 

Time between admission and initiation of GIK varied among the studies. Mittra mentioned 

10 hours, whereas in the MRC study 70% of patients were treated within 30 minutes after 

inclusion.1;11  In the ECLA pilot trial, time from onset of symptoms till the initiation of GIK 

treatment was 10 to 11 hours.6 Whether the clinical effects of GIK on outcome are 

influenced by the time of initiation of treatment is not yet known. However, reperfusion 

may be obligatory as prolonged severe ischemia is followed by necrosis, even in the 

presence of GIK. Furthermore, GIK might not reach adequate concentrations in non-

perfused myocardium. It would be logical to assume that GIK infusion would be most 

effective when initiated before reperfusion therapy has started, when glucose can 

temporarily salvage the severely ischemic myocardium and offer protection to possible 

reperfusion injury still to come.20  

 

Figure 1. Odds ratios and confidence intervals of high-dose and low-dose GIK trials 

0.0 0.5 1.0 1.5 2.0 2.5
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GIPS = Glucose-Insulin-Potassium Study. ECLA = Estudios Cardiologicos Latinoamerica. DIGAMI = 

Diabetes Insulin-Glucose in Acute Myocardial Infarction study MRC = Medical Research Council. 

Pol-GIK = Polish Glucose Insulin Potassium. In both comparisons of the ECLA the same control 

group is used; in the total of all patients this groups is accounted for once. 



Metabolic interventions in acute myocardial infarction 

 120 

Dose 

The above-mentioned meta-analysis showed that use of high-dose GIK is most effective.3 

This was also demonstrated in dose-response studies, showing that increasing doses 

were associated with more suppressed arterial FFA levels as well as increased myocardial 

glucose uptake. Also the ECLA pilot-trial confirmed that high-dose GIK was superior to 

low-dose.6 In the Pol-GIK trial, using a very low dose of GIK, no effect of GIK was 

observed.5 Moreover, using this low dose regimen resulted in an increase in total 

mortality rate. We performed a stratified analysis according to GIK-dose, including all 

randomized trials investigating the influence of GIK on in-hospital mortality (table 2). 

Administration of high dose GIK resulted in a reduction of hospital mortality (6.6% versus 

8.9%, RR 0.7; 95%CI: 0.5–1.0, P=0.04). Administration of low dose GIK versus placebo 

did not result in a significant difference of in-hospital mortality (13.8% versus 15.8%, RR 

0.9; 95%CI: 0.7–1.1, P=0.13). Overall, GIK reduced statistically significant hospital 

mortality from 13% versus 11% (RR 0.8; 95%CI: 0.7-1.0, P=0.02) (figure 1).   

 

Adverse effects 

The reported adverse effects of GIK treatment were in general mild. Withdrawal because 

of side-effects was rare. As GIK was infused via peripheral intravenous catheters, phlebitis 

was relative common with percentages up to 15%2, but severe phlebitis however was 

rare.11 Infusion of large amounts of fluid in a short period may cause fluid overload. This 

potential adverse reaction was however, not reported in the meta-analysis. Possibly, 

because of inclusion of only few patients with Killip class >1 in earlier trials. Other studies 

demonstrated a small increase of signs of congestive heart failure after GIK.21 In the GIPS 

trial, there was a trend towards a higher mortality in GIK treated patients with Killip class 

>1 (36% versus 27%), possibly due to volume overload.7 A potential side-effect of GIK 

infusion is the induction of hypoglycemia.22 In the DIGAMI study, 15% of the patients who 

received intensified therapy had a hypoglycemic event (glucose <3.0 mmol/L), compared 

to none in the control group.8;23 In the Pol-GIK trial hypoglycemia occurred in 8% of the 

patients, where after the insulin dose was decreased.5 They also found hyperglycemia in 

less than 1% in 585 patients with no differences between GIK and control group. In the 

GIPS hyperglycemia occurred also in the GIK group although the period was short-lived. 

With a blood glucose level >16.8 mmol/L as criteria for interruption in the Pol-GIK; only 

1% was interrupted. This is not surprising since a low dose GIK infusion was used. 

Hjermann and colleagues used a reduced dose of insulin, which prevented the occurrence 

of hypoglycemia.21 
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Mode of action 

There are several potential mechanisms by which GIK therapy might improve outcome 

after acute myocardial infarction. Although the primary energy substrate for the non-

ischemic myocardium is free fatty acids (FFA), the myocardium uses various forms of 

energy substrates, including glucose.24 During an acute myocardial infarction, circulating 

FFA levels are elevated and insulin sensitivity is reduced, limiting cellular uptake of 

glucose and promoting the use of FFA.25 These FFA are thought to have a detrimental 

effect on ischemic myocardium through varying pathways. They are an energy supply 

which is associated with relatively high oxygen consumption in comparison to the 

utilisation of glucose.26 Moreover, in contrast with glucose, FFA can not be metabolised 

without insulin. Indeed, experimental evidence suggests a negative influence of FFA on 

myocardial mechanical performance in the setting of hypoxia.27  Furthermore, excess FFA 

metabolism increases susceptibility to ventricular arrhythmia’s and reperfusion injury due 

to disturbances in calcium homeostasis and accumulation of free radicals.28;29 

Administration of GIK lowers the circulating levels of FFA through the inhibitory effect of 

insulin on lipolyses.30 This decrease in FFA levels, in combination with an increase in 

glucose and insulin availability, promotes the myocardial use of glucose over FFA.28 

Glucose is less oxygen consuming and has beneficial effect on preservation of mechanical 

function and membrane stability.31-33  Moreover, GIK therapy might also reduce 

arrhythmias after successful reperfusion.34 As insulin itself induces coronary vasodilation, 

myocardial metabolism could further be improved through enhanced myocardial 

perfusion.35-37 SPECT analysis showed that GIK infusion improved regional myocardial 

perfusion and function in segments adjacent to recently infarcted areas using in human 

subjects.36 Recent evidence suggests that insulin might also inhibit reperfusion injury by 

inhibiting apoptosis via activation of innate cell-survival pathways in the heart.20  

 

Conclusion 

 

Of 13 published randomized trials, 12 studies reported mortality reduction after GIK. 

Despite the possibility of existence of a publication bias, i.e. small negative trials that not 

have been published, this seems promising. Most effects were observed when GIK was 

given in a high dose and when it was given as an adjunctive to reperfusion therapy. 

Adverse effects were rare, fluid overload may be a problem in certain patients, such as 

patients with signs of heart failure at admission. To achieve definite conclusions about the 

place of GIK in acute myocardial infarction, more randomized trials in which GIK is 

combined with optimal reperfusion therapy are needed. Currently large trials in different 

populations are undertaken and within a few years more evidence will be available. 

Possibly these data will change daily practice. 
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Abstract 

 

Introduction 

Patients with acute myocardial infarction (MI) who have diabetes have an increased risk of 

mortality. In non-diabetic patients, admission glucose levels may also be a predictor of 

survival. However, data regarding admission glucose and long-term outcome in non-

diabetic patients treated with reperfusion therapy for acute MI are limited.  

 

Methods 

We investigated long-term clinical outcome in 356 consecutive non-diabetic patients with 

ST segment elevation MI, treated with primary percutaneous coronary intervention (PCI) 

or thrombolysis as reperfusion therapy. Mean follow up was 8±2 years. The patients were 

divided based on admission glucose level; group I: <7.8 mmol/L, group II: 7.8−11.0 

mmol/L and group III: ≥11.1 mmol/L.   

 

Results 

Mortality in group I (N=163) was 19.0%, in group II (N=151) 26.5% and in group III (N=42) 

35.7% (P<0.05). Higher glucose levels were associated with larger enzymatic infarct sizes 

(P<0.01) and more reduced residual left ventricular function (P<0.05). Multivariate 

analysis showed that Killip class >1 at admission,  odds ration (OR) 2.9 (95% confidence 

interval 1.7–5.0, P<0.001), age ≥60 years, OR 2.4 (1.5–4.0, P=0.001), thrombolysis as 

compared to PCI, OR 1.7 (1.1–2.7, P=0.02), admission glucose category, OR 1.4 (1.0–1.9, 

P=0.04) and anterior location, OR 1.6 (1.0–2.6, 0.03) were independent predictors of long-

term clinical outcome. 

 

Conclusion 

Elevated admission glucose levels in non-diabetic patients treated with reperfusion 

therapy for ST segment elevation MI are independently associated with larger infarct size 

and higher long-term mortality.      
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Introduction 

 

Prognosis after ST segment elevation myocardial infarction (MI) has improved markedly, 

in particular due to reperfusion therapy by either thrombolytic therapy or primary 

percutaneous coronary intervention (PCI).1-3 Despite these advantages in treatment 

regimen, patients with diabetes mellitus (DM) still have a poor prognosis after ST segment 

elevation MI.4;5 Interestingly, this increased risk is not confined to DM patients only, but 

non DM patients with impaired glucose tolerance (IGT) may also have an increased 

incidence of cardiovascular complications.6 Moreover, increased admission glucose levels 

may be related to a higher mortality in patients with acute myocardial infarction (MI), 

regardless of diabetic status.7;8 These elevated glucose levels are thought to reflect pre 

existent IGT or increased physical stress. However, data regarding admission glucose and 

long-term clinical outcome in non-diabetic patients after ST segment elevation MI are 

limited and mainly based on patient groups in which only part of the patients received 

reperfusion therapy.9;10 Therefore, we investigated the influence of admission glucose 

levels on long-term clinical outcome in non-diabetic patients, all treated with reperfusion 

therapy, either with thrombolysis or primary PCI, for acute ST segment elevation MI.  

 

Methods 

 

It concerns a sub-analysis of the so-called ‘Zwolle trial’, a randomized study comparing 

primary PCI with thrombolysis, as described before.3 Baseline characteristics, clinical data, 

angiographic data and outcomes were recorded prospectively in a dedicated database. 

Patients were enrolled if they had no contraindications for thrombolytic therapy; had 

symptoms of acute myocardial infarction lasting longer than 30 minutes, accompanied by 

an electrocardiogram with ST segment elevation of more than 1 mm (0.1 mV) in two or 

more contiguous leads; and presented within 6 hours, or between 6 to 24 hours if there 

was evidence for continuing ischemia. After informed consent had been obtained, 

patients were randomly assigned to undergo PCI or to receive streptokinase (SK) as 

thrombolytic agent. All patients received heparin and aspirin. Additional revascularisation 

procedures were performed if indicated for symptoms or signs of myocardial ischemia, 

medication was according to the guidelines.11 Global left ventricular ejection fraction was 

measured by equilibrium radionuclide ventriculography between days 4 and 10 after 

treatment.12 Enzymatic infarct size was estimated by measurement of serial lactate 

dehydrogenase (LDH) activity. Cumulative enzyme release from 5 to 7 serial 

measurements up to 72 hours after symptom onset (LDH Q72) was calculated, without 

knowledge of the randomization outcome or clinical data. Previous cardiovasculair 

disease (CVD) was defined as a history of acute MI, coronary artery bypass grafting or PCI. 
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Nonfatal recurrent myocardial infarction was defined as the combination of chest pain, 

changes in the ST T segment, and a second increase in the serum creatine kinase level to 

more than two times the upper limit of normal. If the creatine kinase level had not 

decreased to normal levels, a second increase of more than 200 IU per liter over the 

previous value was regarded as indicating a recurrent infarction.12 Patients with DM were 

defined as patients with documented DM using either oral hypoglycemic agents or insulin 

treatment at admission.  

For the purpose of this sub-analysis, patients with DM were excluded. The remaining 

patients were divided into 3 groups regarding to admission glucose levels. Group I 

consisted of patients with no evidence of impaired glucose metabolism (glucose <7.8 

mmol/L), group II consisted of patients with possible impaired glucose metabolism 

(glucose 7.8–11.0 mmol/L) and group III consisted of patients with profound impaired 

glucose metabolism (glucose ≥11.1 mmol/L). These cut-off values are based on diagnostic 

criteria for IGT and DM advised by the American Diabetes Association.13 Follow-up 

information was obtained in September 2000.14 All outpatients' reports were reviewed, 

and general practitioners were contacted by phone. For patients who had clinical events 

during follow-up, hospital records were reviewed. All subsequent hospital admissions (for 

angina, recurrent infarction, additional intervention or heart failure) and medication used 

during follow-up were recorded. 

 

Statistical analysis  

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS 

Inc., Chicago, IL, USA) version 10.0. Differences between group means were tested by 

two-tailed Student's t-test. A chi-square statistic was calculated to test differences 

between proportions, with calculation of odds ratios (OR) and exact 95% confidence 

intervals. The Fisher exact test was used when the expected value of cells was smaller 

than 5. Statistical significance was defined as a P-value <0.05. Cumulative survival curves 

were constructed according to the Kaplan–Meier method and differences between the 

curves were tested for significance by the Log-rank statistic. Cox proportional-hazards 

regression model was used to estimate the independent association between glucose 

levels and long-term mortality. Correlations between numeric variables were calculated 

using the bivariate Pearson correlation coefficient.  

 

Results 

 

Baseline characteristics 

The Zwolle trial patient cohort consisted of 395 patients. Of these patients, 32 (8%) had 

known DM and from 7 patients no laboratory data were available. Therefore, the present 
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sub-analysis included 356 patients. Of the 356 patients, the mean age was 59 ±10 year and 

there were 293 male patients (82%). Residual ejection fraction of the left ventricle (LVEF) 

was measured in 337 patients (95%) and enzymatic infarct size in 333 patients (94%). 

During the total follow up period 86 patients died (24%).  

 

Table 1. Baseline clinical and demographic characteristics of three patient groups 

 

Glucose level 

Group I 

(<7.8 mmol/L) 

Group II 

(7.8−11.0 mmol/L) 

Group III 

(≥11.1 mmol/L) 

Number of patients 163 (46) 151 (42) 42 (12) 

Age, years (mean±SD) 58±11 60±10∗ 64±9∗ 

Men  139 (85) 122 (81) 32 (76) 

Anterior MI  57 (35) 58 (38) 16 (41) 

Previous CVD 38 (23) 27 (18) 8 (19) 

Multi-vessel disease 92 (58) 74 (49) 26 (62) 

Primary PCI 84 (52) 66 (44) 24 (57) 

Killip class >1 15 (9) 19 (13) 7 (17) 

Time to admission, min (mean±SD) 190±205 171±175 229±239 

Outcome    

Death 31 (19) 40 (27) 15 (36)∗ 

MACE 53 (33 ) 58 (38) 17 (41) 

Data are number (%) unless otherwise indicated. ∗ Denotes statistical difference (P<0.05) compared 

to group I. MI = myocardial infarction. CVD = cardiovascular disease. MACE = major adverse 

cardiac event. PCI = percutaneous coronary intervention. 

 

Admission glucose levels 

The mean admission glucose level was 8.6±3.1 mmol/L (range 5.1 to 34.1 mmol/L). Mean 

glucose levels were higher in females compared to males (9.3±4.1 versus 8.4±2.9 mmol/L, 

P=0.048), in patients with age ≥60 year (9.0±3.5 versus 8.2±2.6 mmol/L, P=0.016) and in 

those who had Killip class >1 at presentation (9.7±4.8 mmol/L versus 8.5±2.8 mmol/L, 

P=0.019). There was no association between infarct location, reperfusion strategy, 

previous CVD, multi-vessel disease and glucose levels. In table 1, the baseline 

characteristics of patients in the 3 glucose categories are compared. Again, elevated 

glucose was more often observed in females, in patients with a higher age and in those 

with Killip class >1 at presentation. There were no significant differences with regard to 

discharge medication between the three glucose categories  
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Glucose and infarct size 

There was a clear association between glucose levels, enzymatic infarct size and LVEF. 

Higher admission glucose was strongly correlated with larger enzymatic infarct size (R = 

0.2, P<0.01) and lower LVEF (R = 0.1, P<0.05). Subsequently, mean enzymatic infarct size 

was highest in the patient group with the highest admission glucose (figure 1) and the 

mean residual LVEF was lowest in this patient group (figure 2). 

 

Table 2. Predictors of Long-term Mortality, multivariate analysis 

 OR 95% confidence interval P-value 

Killip class >1  2.9 1.7–5.0 <0.001 

Age ≥60 year 2.4 1.5–4.0 0.001 

Thrombolysis∗ 1.7 1.1–2.7 0.02 

Glucose category† 1.4 1.0–1.9 0.04 

Anterior MI 1.6 1.0–2.6 0.03 

Previous CVD 1.3 0.8–2.2 0.29 

Multi-vessel disease 1.3 0.8–2.1 0.27 

Female gender 1.2 0.7–2.1 0.53 

∗ As compared to primary percutaneous coronary intervention. † Glucose < 7.8 mmol/L, 7.8 – 11.0 

mmol/L and glucose ≥11.1 mmol/L; glucose <7.8 mmol/L was the reference group. MI = myocardial 

infarction. CVD = cardiovascular disease. 

Long-term mortality 

Mean glucose level in patients who died during follow-up was 9.5±4.6 mmol/L compared 

with 8.3±2.5 mmol/L in survivors (P=0.003). There was a gradual increase in mortality 

between the three glucose categories. Thirty-one patients died in group I (19.0%), 40 

patients in group II (26.5%) and 15 patients in group III (35.7%). Mortality was significantly 

higher in the patient group with highest glucose compared to the group with normal 

glucose levels (P<0.05). MACE endpoints were reached in 53 patients (32.5%) in group I, 

in 58 patients (38.4%) in group II and in 17 (40.5%) patients in group III (table 1). Kaplan-

Meier curves for cumulative mortality of patients in the 3 categories are shown in figure 3. 

Log-rank statistics showed significant differences in overall mortality between the patient 

groups (Log-rank 7.1; P= 0.029). 

 

Reperfusion strategy 

In order to investigate whether reperfusion strategy influences the association of 

admission glucose with long-term outcome, we stratified patients according to their 

randomization (primary PCI or thrombolysis). Regardless of reperfusion strategy, higher 

glucose levels were associated with more reduced LVEF and higher mortality. In all three 
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patient groups treatment with PCI resulted in better preservation of LVEF, a smaller 

enzymatic infarct size and lower mortality compared to treatment with thrombolysis. In 

patients treated with primary PCI, no significant difference with regard to TIMI flow 

(Thrombolyis In Myocardial Infarction) prior and post intervention was present between 

the glucose categories. 

 

Figure 1.  Mean enzymatic infarct size (LDH Q72) in the three patient groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multivariate analyses 

To study the independent predictive value of admission glucose on long-term survival, 

multivariate regression analysis was performed including age, reperfusion strategy, 

gender and all variables that were significant predictors in univariate analysis. Unadjusted 

predictors of long-term mortality were Killip class >1, increased age, anterior MI, previous 

CVD and multi-vessel disease. After multivariate analysis, the presence of Killip class >1 

at admission odds ratio (OR) 2.9 (95% confidence interval 1.7–5.0, P<0.001), age ≥60 

years, OR 2.4 (1.5–4.0, P=0.001), thrombolysis as reperfusion strategy, OR 1.7 (1.1–2.7, 
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P=0.02), admission glucose category, OR 1.4 (1.0–1.9, P=0.04) and anterior location, OR 

1.6 (1.0–2.6, P=0.03) were independent predictors of long-term mortality (table 2). 

 

Figure 2. Mean residual left ventricular ejection fraction (LVEF) in the three patient groups 

 

Discussion 

 

Our study demonstrates that in non DM patients with ST segment elevation MI, elevated 

glucose levels on admission are associated with larger infarct sizes and increased long-

term mortality compared to normal glucose levels on admission. Although the 

pathophysiological mechanism is unknown, this adverse relation of elevated glucose 

levels on admission with increased mortality is evident, despite the use or method of 

reperfusion therapy, and adjusting for other predictors of long-term mortality.  

 

Impaired glucose tolerance 

Patients with elevated glucose levels on admission may represent individuals who do not 

meet the diagnostic criteria of DM but have a mild form of dysglycemia. This impairment 
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MI. This sub or pre diabetic state, also known as impaired glucose tolerance (IGT), is 

associated with a higher incidence of cardiovascular events.15;16 As these patients also 

appear to have an increased mortality after acute MI, specific risk reducing interventions 

should be considered. Exercise training, dietary modifications and medical intervention 

reduce the risk of subsequent DM in these patients and may be of value.17;18  

 

Figure 3. Kaplan-Meier curve showing overall mortality of the three patient groups. Log-

rank P=0.029 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

However, intervention during hospitalization may also be of benefit. Interestingly, a 

stringent insulin regimen in DM patients with acute MI abolished the increase in mortality 

associated with elevated admission glucose levels. Whether insulin therapy or 

intervention through other hypoglycemic agents is also beneficial for IGT patients with 

acute MI is unknown. 

 

Stress related hyperglycemia and GIK 
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sensitivity resulting in elevated glucose levels.19 Therefore, patients with elevated glucose 

levels could represent patients with an increased response to stress, for example due to 

more severe hemodynamic compromise or more extensive myocardial damage. Indeed, 

in our study, patients with elevated glucose levels did more often have Killip class >1 at 

admission, had larger enzymatic infarct size and more reduced LVEF. All these variables 

are known to be predictors of long-term mortality.20-22 However, in our sub-analysis, after 

adjusting for confounding variables (including Killip class), there was still an association 

between admission glucose and long-term mortality. Furthermore, other evidence also 

suggests that dysglycemia during acute MI is more than only an epiphenomenon. Stress 

induced elevation of free fatty acids (FFA) may also compromise myocardial function as 

they reduce contractility and increase ischemic and reperfusion injury.23 Moreover, the 

adverse relation between admission glucose and clinical outcome is also present in 

patients suffering from acute coronary events without myocardial damage.24 There is 

some evidence that improvement of metabolic control through infusion of fluids 

containing glucose, insulin and potassium (GIK) may reduce mortality in acute MI.25-27 The 

beneficial effect of GIK is thought to result from a shift in primary energy substrate from 

FFA to glucose during ischemia. Our study confirms the importance of dysglycemia 

during acute MI, but further investigations regarding glycometabolic control should be 

initiated and awaited for.     

 

Reperfusion strategy 

Patients treated with PCI had better survival and less reduced LVEF than patients treated 

with thrombolysis, these results are in line with other studies.28;29 The impact of glucose 

levels on outcome however, was independent of reperfusion strategy. Patients with 

higher glucose levels had higher mortality, larger enzymatic infarct sizes and more 

reduced LVEF whether treated with PCI or with thrombolysis. So, apart from primary PCI, 

additional treatment of patients with elevated glucose is needed. 

 

Study limitations 

Our study included only a limited number of patients from a single center. We have no 

data on glycolysated hemoglobin (HbA1C) in our patients, which could have given more 

insight in the prevalence of IGT in our population. No routine tests were performed to 

detect undiagnosed DM after admission. However, a significant interaction of diabetic 

status with the association of hyperglycemia with adverse outcome is unlikely.24 Although 

non-fasting admission glucose levels may be influenced by prior meals or diurnal 

variations, the impact of a concomitant acute MI on glucose levels is probably much more 

substantial. Furthermore, as admission glucose is readily available, it has the advantage 

that immediate intervention can be instituted. Metabolic control through GIK infusions as 
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adjunctive treatment was not used in our patients and, especially in patients with more 

severe glycometabolic derangement, this may have had influence on outcome.30 During 

the study period, intracoronary stenting and treatment with glycoprotein IIb/IIIa receptor 

blockers or clopidogrel were not available.  

 

Conclusion 

 

Elevated admission glucose levels in non-diabetic patients with admission MI are 

independently associated with larger infarct sizes and a higher long-term mortality when 

compared to patients with normal glucose levels. These findings warrant further 

investigation regarding glycometabolic control during acute MI and secondary prevention 

programs in patients with high admission glucose.  
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Abstract 

 

Background 

Patients with hyperglycemia on admission have an adverse prognosis after ST segment 

elevation myocardial infarction (MI). However, the causal link between disturbances in 

glucose metabolism and outcome is unclear. We sought to investigate whether 

hyperglycemia is related to impaired myocardial perfusion in ST segment elevation MI 

patients. 

 

Methods 

A total of 464 patients with ST segment elevation MI treated with primary percutaneous 

coronary intervention (PCI) were included. To determine myocardial reperfusion we 

determined ST segment elevation resolution on the electrocardiogram and myocardial 

blush grade during PCI. 

  

Results 

A total of 93 patients (20%) had hyperglycemia (glucose ≥11.0 mmol/L). They had more 

often a reduced myocardial blush grade (26% versus 15%, P=0.02) and incomplete ST 

segment elevation resolution (59% versus 39%, P=0.01) compared to patients without 

hyperglycemia on admission. Patients with hyperglycemia also had more reduced left 

ventricular function and higher mortality. These observations were demonstrated in 

patients with and without diabetes mellitus. Multivariate analyses did not change these 

findings. 

 

Conclusion 

Hyperglycemia on admission is associated with reduced myocardial reperfusion after 

primary PCI. This is associated with an adverse clinical outcome. 
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Introduction 

 

It has been demonstrated that hyperglycemia on admission is associated with an adverse 

prognosis after acute myocardial infarction (MI), both in patients with and without 

diabetes mellitus.1;2 However, the causal link between disturbances in glucose metabolism 

and outcome is not yet clear. Evidence suggests that hyperglycemia could be associated 

with impaired microvascular myocardial reperfusion.3;4 We studied the association 

between hyperglycemia and myocardial reperfusion in patients treated with primary 

percutaneous coronary intervention (PCI) for acute ST segment elevation MI (MI). Both 

electrocardiographic (ST segment elevation resolution) and angiographic (myocardial 

blush grade) parameters of myocardial reperfusion were used. We also investigated the 

impact of reduced myocardial reperfusion on clinical outcome.  

 

Methods 

 

Study population 

All consecutive patients with symptoms consistent with acute MI of >30 min duration, 

presenting within 24 hours after the onset of symptoms and with ST segment elevation of 

more than 1 mm (0.1 mV) in two or more contiguous leads on the electrocardiogram were 

evaluated for inclusion in this study. Patients were excluded when pre-treated with 

thrombolysis or when an illness associated with a marked restricted life expectancy was 

present. All patients went to the catheterization laboratory as soon as possible, where 

both coronary arteries were visualized. PCI was performed with standard techniques if the 

coronary anatomy was suitable for angioplasty. Additional treatment consisted of 

intravenous heparin, nitroglycerin and aspirin. After sheath removal, low-molecular-

weight heparin was given for 1 to 3 days. Baseline characteristics, clinical data, 

angiographic data and outcomes were recorded prospectively in a dedicated database. 

 

Measurements and definitions 

Core laboratory annalists (Diagram BV, Zwolle, The Netherlands) who were unaware of 

the clinical history and outcome of the patients assessed ST segment elevation resolution, 

TIMI (thrombolysis in myocardial infarction) flow and myocardial blush grade. TIMI flow 

and myocardial blush grade were visually assessed on the angiogram. Myocardial blush 

grade has been defined previously5: 0, no myocardial blush; 1, minimal myocardial blush 

or contrast density; 2, moderate myocardial blush or contrast density but less than that 

obtained during angiography of a contra or ipsilateral non-infarct related coronary artery; 

and 3, normal myocardial blush or contrast density, comparable with that obtained during 
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angiography of a contralateral or ipsilateral non-infarct-related coronary artery. When 

myocardial blush persisted (“staining”), this phenomenon suggested leakage of contrast 

medium into the extravascular space and was graded 0. ST segment elevation resolution 

was analyzed as previously described in detail.6 In short, ST segment elevation resolution 

was defined as complete when there was ≥70% ST segment elevation resolution, partial 

when there was 30-70% resolution and absent if resolution was less than 30% as 

measured 180 minutes after primary PCI compared to ST elevation on admission. Left 

ventricular ejection fraction (LVEF) was measured before discharge by radionuclide 

ventriculography or by echocardiography. Radionuclide ventriculography was performed 

by using the multiple gated equilibrium method following the labeling of red blood cells of 

the patient with technetium-99m-pertechnate. A General Electric 300 gamma camera with 

a low-energy all-purpose parallel-hole collimator was used. Global ejection fraction was 

calculated by a General Electric Star View computer using the fully automatic PAGE 

program. Hyperglycemia was defined as whole blood glucose levels (Modular system – 

Roche/Hitachi, Basel, Switserland) on admission of ≥11.1 mmol/L (≥200 mg/dL), as stated 

by the American Diabetes Association.7  

 

Statistical analysis 

Differences between group means at baseline were assessed with the two-tailed Student’s 

t-test. Chi-square analysis or Fisher’s exact test was used to test differences between 

proportions. To study independent predictors of reduced myocardial reperfusion, 

multivariate logistic regression analysis was performed. Statistical significance was 

considered a two-tailed P-value <0.05. The Statistical Package for the Social Sciences 

(SPSS Inc., Chicago, IL, USA) version 10.1 was used for all statistical analysis. 

 

Results 

 

Study population 

A total of 464 patients were included in this analysis. Myocardial blush grade was 

available in 401 patients (86%) and ST segment elevation resolution data were available in 

302 patients (65%). Ejection fraction was measured in 404 patients (87%). Mean age was 

61±12 years, 368 patients (79%) were men. At the end of the follow up period (mean 

1.6±1.1 years) 38 patients (8%) had died. Baseline characteristics of the patient groups 

according to the absence or presence of hyperglycemia are shown in table 1.  
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Table 1. Baseline characteristics of the patient groups according to admission glucose 

 Glucose <11.1mmol/L Glucose ≥11.1mmol/L P-value 

Number of patients 371 93  

Age, years (mean±SD) 60.3±12.0 62.8±11.7 0.07 

Men 307 (83) 61 (66) 0.001 

Previous MI 39 (11) 14 (15) 0.22 

Previous PCI 20 (5) 4 (4) 0.67 

Previous CABG 8 (2) 4 (4) 0.24 

Diabetes mellitus 11 (3) 38 (41) <0.001 

Hypertension 99 (27) 31 (33) 0.20 

Currently smoking 195 (53) 42 (45) 0.20 

Positive family history 145 (39) 34 (37) 0.66 

Ischemic time ≤3 hour  198 (60) 52 (61) 0.94 

Heart rate (beats /minute) 73 ± 18 81 ± 26 0.01 

Systolic BP ≤100 mmHg 37 (10) 14 (15) 0.16 

Diastolic BP ≤60 mmHg   71 (19) 23 (25) 0.23 

Killip class ≥2 20 (5) 14 (15) 0.001 

Anterior infarction 176 (47) 48 (52) 0.47 

Ischemic time ≤3 hour  198 (60) 52 (61) 0.94 

Heart rate (beats /minute) 73±18 81±26 0.01 

Admission glucose (mmol/L)* 8.1±1.4 14.4±3.9 <0.001 

Glucose at 16 hours (mmol/L)* 7.9±1.9 12.0±3.7 <0.001 

Cumulative ST elevation (mm) 9.4±8.7 9.0±6.9 0.77 

IABP  30 (8) 12 (13) 0.15 

Data are number (%) unless otherwise indicated. * Data are mean ± SD. MI = myocardial infarction. 

PCI = percutaneous coronary intervention. CABG = coronary artery bypass grafting. BP = blood 

pressure. IABP= intra aortic balloon pumping. 

 

Hyperglycemia and myocardial reperfusion  

Both complete ST segment elevation resolution (61% versus 42%, P=0.009) and optimal 

myocardial blush (85% versus 74%, P=0.02) were higher in patients with normal glucose 

levels compared to those with hyperglycemia. Patients with hyperglycemia had more 

often a reduced LVEF (LVEF ≤30%) (28% versus 16%, P=0.01) and a higher mortality 

compared to patients without hyperglycemia (14% versus 7%, P=0.02), table 2.  

 

Diabetes mellitus and myocardial perfusion 

In diabetic patients, the absence of hyperglycemia was associated with a higher presence 

of complete ST segment elevation resolution (56% versus 41%, P=0.46) and optimal 
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myocardial blush grade (91% versus. 74%, P=0.23). Also in non-diabetic patients with 

normal glucose levels, both complete ST segment elevation resolution (61% versus 42%, 

P=0.04) and optimal myocardial blush grade (85% versus 74%, P=0.07) were higher 

compared to those without hyperglycemia.  

 

Table 2. Myocardial reperfusion and outcome of the patient groups according to 

admission glucose 

 Glucose <11.1mmol/L Glucose ≥11.1 mmol/L P-value 

Myocardial reperfusion    

Myocardial blush grade (2-3) 272 (85) 59 (74) 0.02 

Complete resolution 152 (61) 22 (42) 0.009 

Myocardial infarct size    

LVEF ≤30% 51 (16) 23 (28) 0.01 

Mortality 25 (7) 13 (14) 0.023 

Data are number (%). LVEF = left ventricular ejection fraction. 

 

Multivariate analyses - ST segment elevation resolution 

To identify whether hyperglycemia was independently associated with ST segment 

elevation resolution we performed multivariate analyses and included age and gender and 

all clinical variables significantly different between patients with and without ST segment 

elevation resolution (anterior MI P=0.04, hyperglycemia P=0.009 and cumulative ST 

elevation  P=0.002). After multivariate analyses, the variables that were independently 

associated with incomplete ST segment elevation resolution were the presence of 

admission hyperglycemia , relative risk (RR) 2.1 (95% confidence interval 1.1–4.0, P=0.02), 

anterior MI, RR 2.4 (1.4–4.0, P=0.001) and a cumulative ST elevation on admission RR 1.1 

per mm elevation (1.0–1.1, P=0.001). Gender (P=0.54) and age (P=0.94) were not 

significantly associated with ST segment elevation resolution after multivariate analysis. 

The addition of time to treatment to our analysis did not change these findings.  

 

Multivariate analyses - myocardial blush grade  

Univariate angiographic characteristics of patients with and without hyperglycemia are 

shown in table 3. The only variable that was associated with hyperglycemia was a 

myocardial blush grade 0-1. After multivariate analysis including all angiographic variables 

(MVD, collaterals, infarct related vessel, TIMI flow and myocardial blush grade) 

hyperglycemia at admission remained associated with an impaired blush grade of 0-1, RR 

2.2 (1.2–4.2, P=0.02). A stratified analysis including only patients with TIMI 3 flow after PCI 

also showed more often a reduced myocardial blush grade in patients with hyperglycemia 
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(20% versus 9%, P=0.01). Furthermore, there was a gradual increase (7%, 9%, 10%, 12% 

and 19%) in reduced myocardial blush grade with increasing glucose levels (quintiles) in 

these patients (figure 1).  

 

Figure 1. Association between glucose at admission and myocardial blush grade 
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Myocardial reperfusion and outcome 

Reduced LVEF was more often present in patients with incomplete ST segment elevation 

resolution (25% versus 12%, P=0.01) and in those with reduced myocardial blush (33% 

versus 14%, P<0.001). Mortality was also higher in patients with incomplete ST segment 

elevation resolution (6% versus 3%, P=0.15) and in those with reduced myocardial blush 

(16% versus 4%, P<0.001). These associations between reduced myocardial reperfusion 

and worse outcome were observed in patients with and without hyperglycemia.  

 

Discussion 

 

This is the first study to report on the influence of hyperglycemia on myocardial 

reperfusion as assessed by myocardial blush grade and ST segment elevation resolution. 

Elevated glucose levels on admission were independently associated with both 

incomplete ST segment elevation resolution and reduced myocardial blush. These 

findings suggest microvascular dysfunction in hyperglycemic patients with ST segment 

elevation MI and might explain their adverse prognosis. Whether meticulous regulation of 
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glucose levels, prior or following restoration of epicardial flow, improves myocardial 

reperfusion is unclear. 

 

Table 3. Angiographic variables of the patient groups with regard to admission glucose 

 Glucose <11.1 mmol/L Glucose  ≥11.1 mmol/L P-value 

Multi-vessel disease 188 (51) 54 (58) 0.20 

Collaterals 39 (12) 7 (8) 0.36 

IRV (LAD) 164 (46) 42 (46) 0.91 

TIMI 0 flow before PCI 222 (63) 58 (64) 0.86 

TIMI 2-3 flow after PCI 232 (96) 82 (94) 0.44 

Myocardial blush grade 0-1 49 (15) 21 (26) 0.02 

Data are number (%). IRV = infarct related vessel. LAD = left descending artery. TIMI = 

thrombolysis in myocardial infarction. 

 

Increased age and diabetes were both more prevalent in hyperglycemic patients and their 

presence has been associated with reduced myocardial flow after restoration of epicardial 

flow.4;8 However, in our analysis, age was not associated with impaired ST segment 

elevation resolution and also non-diabetic patients with hyperglycemia appeared to have 

reduced myocardial reperfusion. There are several mechanisms that could clarify these 

findings. Hyperglycemia is associated with both plugging of leukocytes in the 

microvasculature of the myocardium and with increased procoaguable properties of 

platelets.9-11 Furthermore, the ability of platelets to induce vasodilatation is reduced by 

high levels of glucose.12 However, there may also be a link between stress, hyperglycemia 

and reduced myocardial reperfusion. Killip class ≥2 was significantly higher in patients 

with hyperglycemia (5% versus 15%, P=0.001). Stress, induced by hemodynamic 

instability, increases both levels of free fatty acids and glucose.13 These free fatty acids 

reduce endothelium derived vasodilatation and inhibit the myocardial use of glucose.14;15 

Furthermore, improvement of myocardial flow by insulin is diminished, as it is dependent 

on the concomitant use of glucose. Administration of solutions containing glucose – 

insulin and potassium (GIK) may decrease the level of free fatty acids and promote the use 

of glucose as myocardial energy substrate. There is some evidence that improvement of 

metabolic control through infusion of fluids containing GIK may reduce mortality in acute 

MI.16-18 Whether this improved prognosis results from improved myocardial reperfusion is 

unclear. However, evidence suggests GIK infusion improves myocardial perfusion in 

segments adjacent to the recently infarcted area.19 Besides GIK infusion, other specific 

interventions, such as the use of glycoprotein IIb/IIIa receptor blockers, might be 

beneficial. Also in our study, patients with incomplete ST segment elevation resolution 

and reduced myocardial blush grade had significantly more reduced LVEF and higher 
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mortality. Therefore, the search for improvement of myocardial flow is pivotal and further 

investigations are warranted.   

 

Study limitations 

As glycolysated hemoglobin levels, reflecting long-term glucose metabolism, were not 

available, it remains unclear whether isolated acute hyperglycemia or more long-standing 

disturbed glucose metabolism was associated with reduced myocardial reperfusion. No 

routine tests were performed to diagnose previously unrecognized diabetes in all patients, 

so some hyperglycemic patients may have had undiagnosed diabetes at discharge.   

 

Conclusion 

 

Hyperglycemia on admission is independently associated with impaired myocardial 

reperfusion. Impaired reperfusion was associated reduced LVEF and a higher mortality. 

Further investigation with regard to improvement of myocardial reperfusion in 

hyperglycemia is warranted. 
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To the editor: 

Dr Iwakura and colleagues conclude that hyperglycemia might be associated with 

impaired microvascular function after acute myocardial infarction (MI), this conclusion 

was reached by a retrospective analysis of 146 patients.1 The authors were the first to find 

an independent relation between elevated blood glucose levels at admission and no 

reflow phenomenon. They also stated that this relation was independent of HbA1C level 

or diabetes mellitus (DM), since there were no difference in HbA1c level or the frequency 

of DM in the no reflow and reflow group. 

We have some considerations about these results. First, the authors defined 

hyperglycemia by the optimal cutoff to differentiate the patients showing no reflow with a 

receiver-operating characteristic curve analysis. By using this cutoff in the same cohort 

they found a relation between hyperglycemic patients and no reflow phenomenon. The 

authors have generated an interesting hypothesis and new studies have to proof the 

validity of the cutoff. Second, we are interested in more details on the methods used to 

determine blood glucose and HbA1c levels. Information was lacking is the blood glucose 

level was measured either with point of care or whole blood glucose measurement and if 

the method is validated in critically ill patients. Clinically relevant differences in blood 

glucose level have been observed with point of care and whole blood measurement in 

patients with shock2, acidosis3, medication4, and different values due to differences in 

hematocrit5. Finally, the absolute differences of 0.3% in HbA1c and 13% in frequency of 

DM were indeed not statistically significant related to no reflow. It is our suggestion that 

these clinically relevant differences were not significant due to the small number of 

patients. Moreover, the authors found that 45.3% of the patients with hyperglycemia were 

diabetic versus 9.9% in patients without hyperglycemia (P<0.0001).  

The hypothesis that acute hyperglycemia (i.e. hyperglycemia at admission) is associated 

with the no reflow phenomenon is intriguing. We however hypothesize that these relation 

is not independent of chronic hyperglycemia (i.e. elevated HbA1c and/or DM). Therefore 

new studies have to determine the effect of hyperglycemia on no reflow and preferentially 

the effect of metabolic regulation. 
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Abstract 

 

Background 

Elevated blood glucose values are a prognostic factor in myocardial infarction (MI) 

patients. The unfavorable relation between hyperglycemia and outcome is known for 

admission glucose and fasting glucose after admission. These predictors are single 

measurements and thus not indicative of overall hyperglycemia. Increased time-averaged 

glucose may better predict adverse events in MI patients. 

 

Methods 

In a prospective study of MI patients treated with primary percutaneous coronary 

intervention (PCI) frequent blood glucose measurements were obtained, to investigate the 

relation between glucose and the occurrence of major adverse cardiac events (MACE) at 

30 days follow-up. MACE was defined as death, recurrent infarction, repeat primary 

coronary intervention, and left ventricular ejection fraction ≤30%. 

 

Results 

MACE occurred in 89 (21.3%) out 417 patients. In 17 patients (4.1%) it was a fatal event 

and in 72 patients (17.3%) a non-fatal event. MACE occurred more often in patients who 

were older, had previous cardiovascular disease, anterior infarction location, and multi-

vessel disease. A mean of 7.4 glucose determinations were available per patient. Mean ± 

SD admission glucose was 10.1±3.7 mmol/L in patients with a MACE versus 9.1±2.7 

mmol/L in event free patients (P=0.005). Mean time-averaged glucose was 9.0±2.8 

mmol/L in patients with MACE compared to 8.0±2.0 mmol/L in event free patients 

(P<0.001). The area under the receiver operator characteristic curve was 0.64 for time-

averaged glucose and 0.59 for admission glucose. With Cox regression analysis including 

factors related with MACE in univariate analysis time-averaged glucose emerged as a 

significant independent predictor (P<0.001). 

 

Conclusion 

Elevated time-averaged glucose in MI has a stronger relation with 30-day MACE than 

elevated glucose at admission. 
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Introduction 

 

Acute myocardial infarction (MI) patients with hyperglycemia at admission have a worse 

prognosis.1;2 This relation is found in both patients with diabetes mellitus (DM) and in 

patients without DM.3-6 It has been argued that in patients without DM hyperglycemia may 

be caused by undetected diabetes.7-9 Some patients who present with hyperglycemia are 

indeed diabetic but many patients with an admission glucose above 11.0 mmol/L are not 

diabetic.10 The early measurement of glycosylated hemoglobin (HbA1c) has been useful to 

find unknown diabetics among MI patients.7;11-13 HbA1c reflects the level of glucose 

regulation of the previous weeks. In diabetics it serves as a measure of glucose regulation 

and is a strong predictor of the risk for coronary heart disease.14 In MI patients HbA1c also 

showed a relation with worse outcome.5 In MI patients HbA1c and hyperglycemia at 

admission independently predicted short term mortality.11 Elevated fasting glucose after 

admission for MI also predicts unfavorable outcome.15;16 Admission glucose and fasting 

glucose as predictors of outcome have the drawback that they are based on a single 

measurement and thus are not indicative of persistent hyperglycemia.1-6;15-17 A first step to 

define persistent hyperglycemia is to compute the mean of all glucose values, a simple  

mean glucose ignores the unequal time distribution between measurements.17 The 

calculation of the time-averaged glucose addresses this problem. In this post-hoc analysis 

of data collected in a prospective study of MI patients we thought to investigate whether 

elevated time-averaged glucose is a better predictor of major adverse cardiac events than 

elevated glucose at admission. 

 

Methods 

 

Patients  

Patients with symptoms consistent with acute MI of >30 min duration, presenting within 

24 hour after the onset of symptoms and with ST segment elevation of more than 1 mm 

(0.1 mV) in two or more contiguous leads on the electrocardiogram and treated with 

primary percutaneous coronary intervention (PCI) were included in this study. At baseline 

age, gender, previous cardiovascular disease defined as a history of coronary artery 

bypass grafting (CABG), previous PCI, stroke and MI, existence of diabetes mellitus (DM), 

smoking status, Killip class, electrocardiographic site of infarction, time of onset of 

symptoms, and time of hospital admission were recorded. Patients were defined as 

diabetic when treated with a diet, oral hypoglycemic drugs and/or insulin. The research 

protocol was reviewed and approved by the medical ethics committee, and patients were 

included after informed consent. 
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Glucose measures 

In all patients glucose levels were determined based on measurements of whole-blood 

glucose (Modular System, Roche/Hitachi, Basel, Switzerland). The first glucose after 

admission was defined as admission glucose. To determine the time-averaged glucose 

level for an individual patient, all glucose measurements performed during admission 

were analyzed with a dedicated computer algorithm. The first step was to interpolate all 

glucose values obtained during the first 48 hours after admission into a curve. Then the 

area under this glucose curve was calculated. This area under the curve was then divided 

by 48 hours. 

 

Enzymatic infarct size 

Enzymatic infarct size was estimated by serial measurements of creatine kinase (CK) 

fraction. CK was determined enzymatically on a Hitachi 717 automatic analyzer according 

to the International Federation of Clinical Chemistry (IFCC) recommendation at 30 degrees 

Celsius. Frequent CK determinations were performed according to a schedule that called 

for 4 to 8 measurements in the first 96 hours to calculate the area under the CK curves. 

 

Left ventricular function 

Left ventricular ejection fraction (LVEF) was measured before discharge by radionuclide 

ventriculography or by echocardiography. Radionuclide ventriculography was performed 

with the multiple gated equilibrium method following the labeling of red blood cells of the 

patient with technetium-99m-pertechnate. A General Electric 300 gamma camera with a 

low-energy all-purpose parallel-hole collimator was used. Global ejection fraction was 

calculated by a General Electric Star View computer using the fully automatic PAGE 

program. Two-dimensional echocardiography was performed by observers who were 

unaware of the clinical data. A LVEF ≤30% was defined as a poor left ventricular 

function.18 

 

Cardiac events 

In all patients data were obtained with regard to mortality, recurrent myocardial infarction 

or repeat PCI during the first 30 days after admission. The primary endpoint of the study 

was the presence of a Major Adverse Cardiac Event (MACE) during the first 30 days after 

admission for acute MI. MACE was defined as the composite incidence of death, recurrent 

infarction, repeat PCI or a LVEF ≤30%. The combination of death and non-fatal short-term 

events as recurrent infarction, repeat intervention, and heart failure has been shown to be 

a valid predictor of 1-year mortality.19;20 Recurrent myocardial infarction was defined as 

the occurrence of symptoms consistent with acute MI of >30 min duration, signs of 
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infarction on the electrocardiogram, and a second increase in the serum CK level to more 

than two times the upper limit of normal. If the CK level had not decreased to normal 

levels, a second increase of more than 200 IU per liter over the previous value was 

regarded as indicating a recurrent infarction.21 Repeat PCI was defined as angioplasty 

performed within 30 days due to repeat signs and symptoms of myocardial ischemia. 

 

Table 1. Baseline characteristics patients with a major adverse cardiac events (MACE) and 

without an adverse event within 30-days 

Characteristics MACE group Event free group 

Number of patients 89 338 

Age, years (mean±SD) 62.5±12.6 60.1±11.8 

Men 70 (78.7) 263 (80.2) 

Previous cardiovascular events 17 (19.1) 53 (15.7) 

Diabetes mellitus 11 (12.4) 33 (10.1) 

Type 2 diabetes mellitus† 11 (12.4) 28 (8.3) 

Tablets 6 (6.7) 17 (5.0) 

Insulin 2 (2.2) 13 (3.8) 

Hypertension 32 (36.0) 87 (26.5) 

Dyslipidemia 16 (18.0) 75 (22.9) 

Currently smoker 41 (46.1) 178 (54.3) 

Positive family history 27 (30.3) 133 (40.5) 

Data are numbers (%) unless otherwise indicated. 

 

Statistical analysis 

Differences between groups were assessed with the Student’s t-test or the Mann-Whitney 

U test. The Chi-square test and the Chi-square test for trend were used to test differences 

between proportions. Receiver operator characteristics (ROC) curves were computed to 

assess the ability of glucose-derived parameters to predict MACE or mortality. We also 

performed a Cox proportional-hazards regression model with factors at admission related 

to MACE at least with a level of significance of 0.2 or less. The Statistical Package for the 

Social Sciences (SPSS Inc., Chicago, IL, USA) version 11.5 was used for all statistical 

analysis.  

 

Results 

 
Between April 1th 1998 and October 1th 2001, 417 patients were included. After 30 days a 

MACE had occurred in 89 patients (21.3%), in 17 patients (4.1%) it was a fatal event and in 

72 patients (17.3%) a non-fatal event. A repeat PCI was performed in 20 patients (4.8%). 
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Left ventricular function data was available of 377 patients (90.4%). In 68 patients (18%) 

the LVEF was equal or smaller than 30%. Baseline characteristics of patients with a MACE 

and patients without an event are represented in table 1. Patients with a MACE were older, 

more often female, and more likely to have a history of cardiovascular disease. 

 

Figure 1. Association between admission glucose and time-averaged glucose and 30-day 

major adverse cardiac events 

 

Receiver operator characteristic curves that depict the ability of admission glucose (thin line) and 

time-averaged glucose (thick line) to predict the occurrence of a major adverse coronary event 

within 30 days after admission. 

 

A mean of 7.4 glucose determinations were available per patient. Mean ± SD admission 

glucose was 10.1±3.7 mmol/L in patients with a MACE versus 9.1±2.7 mmol/L in event 

free patients (P=0.005). Mean time-averaged glucose was 9.0±2.8 mmol/L in patients with 

MACE compared to 8.0 ± 2.0 mmol/L in event free patients (P<0.001). 44 patients had 

diabetes mellitus and 34 patients (77.3%) had a glucose level at admission and 38 patients 

(86.4%) had a time-averaged glucose in the highest quartile.  
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Table 2. Infarct characteristics, hemodynamic status and reperfusion treatment 

Characteristics MACE group Event free group 

Number of patients 89 338 

Anterior MI  69 (77.5) 131 (39.9)** 

Killip class 1 79 (88.8) 311 (92.0) 

Killip class ≥2 10 (11.2) 27 (8.0) 

Multi-vessel disease 58 (65.2) 156 (47.6)** 

TIMI grade 0 flow before PCI 60 (67.4) 212 (64.6) 

Stent  48 (53.9) 184 (56.1) 

GP IIb/IIIa receptor blocker  28 (26.2) 79 (24.1) 

TIMI grade 3 flow after PCI 75 (86.2) 305 (93.3) 

Data are number (%) unless otherwise indicated. * P-value ≤0.2. ** P-value <0.01. MI = myocardial 

infarction. IQR = interquartile range. †Time to admission denotes time between onset of symptoms 

and until admission. 

 

The ROC curves for admission glucose and glucose over the first 48 hours are shown in 

figure 1. The area under the curve for admission glucose was 0.59 (95% confidence 

interval 0.52-0.65) and for time-averaged glucose was 0.64 (0.57-0.70). After correction for 

factors related with MACE in univariate analysis (tables 1, 2 and 3) anterior site of 

infarction, Killip class ≥2 and time-averaged glucose were the only independent predictors 

of 30-day MACE. 

 

Table 3. Relation between glucose measures and major adverse cardiac events 

 MACE group Event free group P-value 

Number of patients 89 338  

Admission glucose 10.1±3.7 9.1±2.7 0.002 

Time-averaged glucose 9.0±2.8 8.0±2.0 <0.001 

Glucose data are mmol/L (mean ± SD). 

 

The positive relations between admission glucose and 30-day MACE is illustrated in figure 

2. MACE in the lowest quartile of glucose during admission was 11.5% compared to 

33.3% in the highest quartile (P for trend <0.05). The stronger positive relation between 

time-averaged glucose and 30-day MACE is also illustrated in figure 2. The stepwise 

increase is more pronounced with time-averaged glucose than with admission glucose. 

MACE in the lowest quartile of time-averaged glucose was 13.5% compared to 26.7% in 

the highest quartile (P for trend <0.001). 
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Figure 2. 30-day major cardiac adverse events (MACE) according to quartiles of 

admission glucose and time-averaged glucose in MI patients 
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P-value for trend in admission glucose is <0.05 and for time-averaged glucose is <0.001. 

 

Discussion 

 

In this study we observed that the time-averaged glucose in the first 48 hours after 

admission for acute MI has a stronger relation with unfavourable short-term outcome than 

glucose at admission. Previous studies primarily focused on the prognostic value of 

admission hyperglycemia in both patients with and without diabetes mellitus.1-6 It has 

been described that patients with diabetes mellitus have an impaired outcome after 

myocardial infarction. Potentially, patients with persistent hyperglycemia are more likely 

to have diabetes mellitus either known or unknown.9;10;16 In our study patients with 

diabetes mellitus indeed had an elevated glucose at admission and a elevated time-

averaged glucose. The number of patients without diabetes mellitus in the highest quartile 

of admission glucose and time-averaged glucose was approximately 2 out of 3 patients. 

Some studies showed that an elevated fasting glucose after admission also predicts 

unfavorable outcome.15;16 Only one study used a measure of persistent hyperglycemia in 

the analysis of the relation between deregulation of the glucose metabolism during MI.17 

In a study of 662 MI patients hyperglycemia was defined as a glucose level on admission 

or a four day mean blood glucose level higher than 6.67 mmol/L. 457 patients (69.0%) had 
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hyperglycemia and only 195 (29.7%) had previously known diabetes mellitus. These 

patients developed more complications, and had higher 28 day mortality.17 

 

Mechanism of action 

Several mechanisms can be postulated to explain the relation between acute and 

persistent hyperglycemia and unfavourable outcome after reperfusion therapy for MI. 

First, the relation between persistent hyperglycemia and outcome may be related to the 

presence of ongoing stress in more severely ill patients. During myocardial ischemia an 

increase in glucose levels is observed.22 It has been reported that glucose was related to 

adrenaline and cortisol in patients with ST segment elevation MI.23 In the current study, 

Killip class ≥2 on admission was more frequent and enzymatic infarct size was larger, 

suggesting that hyperglycemia reflects extensive myocardial damage. The second 

possible explanation is that patients with hyperglycemia are likely to have diabetes 

mellitus, even if it has not been diagnosed.7;7-13 Diabetes mellitus is associated with 

extensive coronary artery disease and adverse outcomes in MI patients. In the current 

study, elevated admission glucose and elevated time-averaged glucose were related to a 

higher prevalence of diabetes mellitus. Third, it is possible that hyperglycemia and 

concomitant metabolic abnormalities may exacerbate myocardial damage in MI. 

 

Table 4. Relation of quartiles of admission glucose and time-averaged glucose 

respectively with major adverse cardiac events and infarct size 

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value* 

Admission glucose      

MACE (%) 14 (13.5) 23 (22.1) 24 (23.1) 28 (26.7) P<0.05 

LVEF (% ± SEM) 44.6±1.1 41.9±1.2 41.8±1.2 40.7±1.2  

CK AUC (IU ± SEM) 919±69 1430±155 1560±136 1579±146  

Time-averaged glucose      

MACE (%) 12 (11.5) 17 (16.3) 25 (24.0) 35 (33.3) P<0.001 

LVEF (% ± SEM) 45.3±1.0 43.3±1.0 40.8±1.3 39.4±1.4  

CK AUC (IU ± SEM) 1001±80 1283±99 1505±143 1690±181  

MACE = major adverse cardiac events. LVEF = left ventricular ejection fraction. SEM = standard 

error of the mean. CK = creatine kinase. AUC = area under the curve. *P-value denotes P-value for 

trend. 

 

Persistent hyperglycemia may reflect insulin resistance. Insulin resistance is more often 

present in non-diabetic patients with an acute MI compared to matched controls.24 In 181 

patients admitted with acute MI and no history of diabetes mellitus compared to 180 

matched controls without previously known diabetes mellitus or cardiovascular disease 
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glucose, HbA1c, proinsulin, proinsulin/insulin ratio, triglycerides, insulin resistance and 

fibrinogen were all consistently higher in patients than controls (P<0.01). It has been 

postulated that insulin resistance, and thereby hyperglycemia, decreases the 

responsiveness of leukocytes by inflammatory mediators. The question remains as to 

whether this hyperglycemic state adds injury to the ischemic myocardium, or is merely a 

marker for more severe disease or underlying metabolic disorder. Animal studies have 

shown that hyperglycemia may impair cardiac contractile function, interfere with nitric 

oxide pathways and promote apoptosis in the myocardium.25;26 Relative insulin deficiency 

decreases glucose transporter translocation to the cell surface and increases free fatty 

acids through increased lipolysis in adipose tissue. In this situation, glucose utilization is 

reduced and free fatty acids are mainly used in myocardium. This results in increased 

oxygen demand and, in ischemic myocardium, accumulation of unoxidized products of 

free fatty acids. Free fatty acids inhibit glucose oxidation to a greater extent than glucose 

uptake. In the presence of hyperglycemia, glycolytic intermediates therefore accumulate 

in the myocyte. Furthermore, hyperglycemia can lead to activation of protein kinase C and 

modification of macromolecules by forming advanced glycation end products, which can 

augment the production of proinflammatory cytokines. Recently, in a retrospective study 

it was shown that non-diabetic patients with signs of insulin resistance had an impaired 

recovery of left ventricular function of coronary angioplasty compared to patients without 

insulin resistance.27 

 

Role for insulin (glucose-potassium) infusion 

In the clinical setting, the ultimate proof that the hyperglycemic state may have harmful 

effects on the ischemic myocardium is to demonstrate that cardiac outcomes can be 

improved by strict glucose regulation. Previous studies have investigated the benefits of 

insulin administration on outcomes after acute MI. The Diabetes and Insulin-Glucose 

Infusion in Acute Myocardial Infarction (DIGAMI) study was a randomized trial of insulin-

glucose infusion therapy in the reperfusion era and demonstrated that insulin-glucose 

therapy improved long-term survival after acute MI.28;29 In control patients, mortality was 

higher in patients with higher admission blood glucose. However, in patients with insulin-

glucose therapy, reduction of mortality was more obvious in patients with higher blood 

glucose and the relation between mortality and admission blood glucose disappeared. 

These findings suggest that relative insulin deficiency and hyperglycemia may be at least 

in part causally associated with increased mortality after acute MI. Evidence from animal 

studies suggested that insulin therapy may reduce reperfusion injury and enhance the 

cardioprotective effects of reperfusion therapy.30;31 On the other hand, hyperglycemia has 

been associated with the no reflow phenomenon following successful reperfusion after ST 

segment elevation MI.32 In the Estudio Cardiologicos Latinoamerica (ECLA) pilot trial, the 
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combination of reperfusion therapy and glucose–insulin–potassium infusion for 24 hours 

following ST segment elevation MI resulted in a lower in-hospital mortality rate than the 

group that received reperfusion therapy alone. In the DIGAMI study, a direct comparison 

of the effect of thrombolysis in the treatment and control groups was not described. GIK 

in reperfused patients seems promising, albeit that this observation comes from a sub-

group of a pilot trial in which the mortality rate in the control group was high. The GIPS 

and REVIVAL treated patients primarily with primary PCI.33;34 After 30-days the mortality 

rates in GIK and control patients were almost similar. New trials as the ECLA GIK 

2/CREATE trial, the Organization to Assess Strategies for Ischemic Syndromes (OASIS)-6 

trial and GIPS-2 currently randomize thousands of patients to GIK or no GIK in adjunction 

to either thrombolysis or primary PCI. These trials will determine the clinical benefit of GIK 

in combination with different reperfusion strategies. 

 

Conclusion 

 

In patients with acute MI treated with primary PCI hyperglycemia defined by the time-

averaged glucose during hospital admission predicts unfavorable short-term outcome 

better than admission hyperglycemia. 
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Abstract 

 

Background 

Critically ill patients may benefit from strict glucose regulation. An objective measure of 

hyperglycemia to assess glucose regulation in acutely ill patients should reflect the 

magnitude and duration of hyperglycemia, be independent of the number of 

measurements and not be falsely lowered by hypoglycemic values. The time-average of 

glucose values above the normal range meets these requirements. It was our aim to 

investigate whether the hypeglycemic index (HGI) is related to outcome 

 

Methods 

A retrospective, single center study was performed at a 12-bed surgical ICU. From 1990 

through 2001 all patients over 15 years, staying at least 4 days were included. Admission 

type, sex, age, APACHE-II and outcome were recorded. The HGI was defined as the area 

under the curve above the upper limit of normal (glucose level 6.0 mmol/L) divided by the 

total length of stay. HGI, admission glucose, mean morning glucose, mean glucose and 

maximal glucose were calculated for each patient. The relation of these measures with 30-

day mortality was determined.  

 

Results 

In 1779 patients with a median ICU-stay of 10 days the 30-day mortality was 17%. A total 

of 65 528 glucose values were analyzed. Median HGI was 0.9 (0.3-2.1) in survivors 

compared to 1.7 (0.7-3.3) mmol/L in non-survivors (p<0.001). Area under the receiver 

operator characteristic curve was 0.64 for HGI, compared with 0.61 and 0.62 for mean 

morning glucose and mean glucose. HGI was the only significant glucose measure in 

binary logistic regression. 

 

Conclusion 

HGI showed a better relation with outcome than other glucose indices. HGI is an useful 

measure of glucose regulation in critically ill patients. 
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Introduction 

 

Acute hyperglycemia is a prognostic factor for mortality in critically ill patients in the 

presence and in the absence of diabetes mellitus.1-3 The benefit of strict glucose regulation 

in the Intensive Care Unit (ICU) has been demonstrated by the Leuven study.4;5 A 

remarkable reduction in morbidity and mortality was achieved in patients who were 

treated according to a protocol that aimed for normoglycemia. Thus the logical aims of 

glucose regulation are to eliminate hyperglycemia as rapidly as possible and to maintain 

normoglycemia from then on, while avoiding hypoglycemia.6;7 Whereas this presents a 

clear goal for algorithms, there is no obvious way to assess the performance of different 

algorithms.8 

In ICU patients we do not possess a measure like glycosylated hemoglobin A1c (HbA1c) 

which has proven to be an important predictor of long-term complications and useful to 

evaluate the quality of glucose regulation.9-11 Therefore glucose itself must be measured to 

assess hyperglycemia during the stay at the ICU. In studies of acutely ill patients, regular 

indices of glucose regulation that have been used are admission glucose, maximum 

glucose, mean morning glucose and mean glucose.4;12-15 All these indices have specific 

drawbacks. Admission glucose, maximum glucose and mean morning glucose are all 

based on either a single measurement or a subset of measurements, and thus are not 

indicative of overall hyperglycemia. A single mean glucose that uses all measurements 

can be strongly biased by an unequal time distribution between measurements, as 

commonly occurs in practice.16-18 Calculating a time-averaged glucose compensates for an 

unequal time distribution of glucose measurements. However, hypoglycemic episodes 

may still lower such an index, thus falsely suggesting normoglycemia, when in reality 

hyperglycemia is present.  

We hypothesized that an index that takes into account the unequal time distribution of 

glucose sampling and that is not falsely lowered by low glucose values would be a better 

index of glucose regulation. We defined the hyperglycemic index (HGI; figure 1) as the 

area under the glucose curve above the normal range, divided by the length of stay. We 

evaluated the association of HGI and conventional glucose indices of regulation with 

mortality in a large group of ICU patients with a prolonged ICU stay. 

 

Methods 

 

Study population 

In a retrospective analysis we included all patients more than 15 years of age admitted to 

the surgical ICU of our tertiary teaching hospital from 1990 to the end of 2001. Since 

glucose regulation appears to be especially relevant in patients with a prolonged stay at 
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the ICU, we only studied patients who stayed four or more days at the ICU.4;5 Age, sex, 

admission type and the acute physiology and chronic health evaluation II score (APACHE-

II) were obtained from case-records and electronic databases of all admitted patients to 

our hospital. Blood glucoses values were obtained from the central laboratory database.  

 

Figure 1. Calculation of the hyperglycemic index (HGI). 

 
All measured glucose values (black dots) and their corresponding sampling times are taken into 

account. The time-average is calculated for the area (shaded) under the glucose curve for 

hyperglycemic values only. The normal glucose-range is indicated by the hatched area, with 6.0 

mmol/L (dotted line) as the cut-off. HGI is the shaded area divided by the total length of stay. In this 

case HGI is 0.73 mmol/L, as indicated by the dashed line. Note that normal or hypoglycemic 

measurements do not affect HGI, and thus do not falsely lower this index. 

 

Therapeutic protocol 

Patients were fed enterally as soon as possible. Total parenteral nutrition was only given 

when enteral nutrition failed. Concentrated glucose infusion was not routinely used. 

Insulin was only administrated to patients with diabetes mellitus or patients with glucose 

levels exceeding 10.0 mmol/L, and was never dosed above 10 IU/hour. Whole blood 

samples were taken from arterial or central lines and sent to the central laboratory for 

glucose measurement.  

 

Glucose indices 

Admission glucose was defined as the first measurement after ICU-admission. Morning 

glucose was calculated as the arithmetic mean of all measurements done between 6 and 8 
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AM.4;5 Mean glucose was calculated as the arithmetic mean of all measurements. 

Maximum glucose was the highest glucose determined for the entire ICU-stay.  

To determine the hyperglycemic index (HGI) of a patient, all glucose measurements 

performed during the ICU stay were analyzed. As indicated in figure 1, the first step was to 

interpolate all glucose values. Then the area between this glucose curve and the upper 

normal range was calculated. HGI was defined as this area under the curve divided by the 

total length of stay, thus making HGI independent of length of stay. 

As the Leuven proved improved outcome by lowering glucose levels under 6.0 mmol/L, 

we chose this value as our upper range of normal in all tests unless otherwise noted. 

Since the Leuven study others have hypothesized that 6.0 mmol/L might not be the best 

target to aim for.19 Therefore we also performed an analysis of the performance of HGI at 

other cut-off levels than 6.0. 

 

Table 1. Characteristics for surviving and non-surviving patients and results of univariate 

analysis of glucose indices 

 Survivors Non-survivors P-value 

Number of patients 1484 (83) 295 (17)  

Men 982 (66) 182 (61) 0.18 

Age, years (mean±SD) 53±19 63±16 <0.001 

Length of ICU stay, hour* 10 (6-20) 10 (6-17) 0.12 

Reason for ICU admission   <0.001 

Trauma 372 (25) 30 (10)  

Abdominal surgery 443 (30) 101 (34)  

Liver transplant 219 (15) 38 (13)  

Vascular surgery 164 (11) 51 (17)  

Miscellaneous 286 (19) 75 (25)  

APACHE-II score  18 (14-23) 25 (20-28) <0.001 

Number of glucose measurements* 20 (10.5-41) 27 (15-45) <0.001 

Mean glucose, mmol/L* 6.9 (6.0-8.4) 7.7 (6.4-9.5) <0.001 

Morning glucose, mmol/L* 6.6 (5.9-7.9) 7.5 (6.2-8.8) <0.001 

Admission glucose, mmol/L* 7.2 (5.8-9.5) 7.9 (6.0-10.9) 0.07 

Maximum glucose, mmol/L* 10.2 (8.0-14.2) 12.3 (9.5-16.4) <0.001 

HGI, mmol/L* 0.9 (0.3-2.1) 1.8 (0.7-3.4) <0.001 

Data are number (%) unless otherwise indicated. *Values are medians (interquartile range) unless 

otherwise noted. ICU denotes intensive care unit. HGI denotes hyperglycemic index. 

 

As the other measures of glucose regulation, HGI is expressed in mmol/L. Thus a patient 

in whom all glucose values happen to be 8.5 mmol/L will have an HGI of 2.5 mmol/L. A 

patient who is normoglycemic with all glucoses ≤6.0 mmol/L will have an HGI of 0.0 
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mmol/L. Even though this study's primary focus is hyperglycemia, hypoglycemia cannot 

be omitted. We determined the number of hypoglycemic episodes per patient as the 

number of intervals of 4 hours with at least one measurement <2.7 mmol/L.6;7 

 

Statistical analysis 

Data were expressed as medians and interquartile ranges (IQR) unless otherwise 

indicated. Differences between groups were assessed with the Mann-Whitney U test. Chi-

square analysis was used to test differences between proportions. The primary endpoint 

was 30-day mortality. In univariate analysis we assessed the performance of HGI and 

other glucose-derived measures in relation with 30-day mortality. Patients were divided in 

survivors (patients alive at 30 days) and non-survivors. Receiver operator characteristics 

(ROC) curves were computed. We performed a multivariate binary logistic regression 

analysis with age, sex, type of admission, APACHE-II and all glucose-derived measures as 

independent parameters and 30-day mortality as the dependent parameter. Differences 

were considered significant for a two-tailed P-value <0.05. The Statistical Package for the 

Social Sciences (SPSS Inc., Chicago, IL, USA; version 11.0.1) was used for statistical 

analysis. 

 

Results 

 

In the 12-year period 6 885 patients were admitted to the ICU. A total of 1 779 patients 

(26%) stayed for a period of at least four days and were included in the study. Mean age 

was 55 years (SD±19) and 65% were males. Table 1 lists the demographic data and 

glucose related measures for survivors and non-survivors. APACHE-II scores were 

available for the years 1992-1999, for all other parameters there were no missing data. 

Abdominal surgery and trauma were the most frequent reasons for ICU admission. A total 

of 65528 glucose measurements were performed in the 1 779 included patients, with a 

median number of glucose measurements of 21 (IQR 11-42). In less than 1% of the 

patients not a single glucose measurement was performed. The median mean glucose 

value of all patients was 7.0 (IQR 6.1-8.6), median morning glucose was 6.7 (IQR 5.9-8.1), 

median admission glucose was 7.3 (IQR 5.8-9.7), median maximum glucose was 8.7 (IQR 

6.9-11.6) and median HGI was 1.0 (IQR 0.4-2.4). Severe hypoglycemia (glucose <2.7 

mmol/L) occurred in 177 (6.6%) patients. The median duration of such hypoglycemic 

episodes was 1.5 (0.6-3.4) hours.  

Survivors and non-survivors both stayed at the ICU for a median of 10 days, IQR was 6 to 

20 days for survivors and 6 to 17 days for non-survivors. A total of 295 patients (17%) died 

within 30 days after ICU admission.  
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Figure 2. Receiver operator characteristic (ROC) curves for different glucose measures 

 

In the univariate analysis, median mean glucose level was 7.7 mmol/L in non-survivors 

compared to 6.8 mmol/L in survivors (P<0.001). Median HGI was 1.8 in non-survivors, 

twice as high as in survivors (P<0.001). The ROC curves for all glucose derived 

parameters are shown in figure 2. HGI had the highest area under the curve (0.64).  

 

Figure 3 depicts the relation of HGI-quartiles with mortality. Mortality in the lowest HGI-

quartile was 8.6% compared to 25.1% in the highest HGI-quartile (P<0.001). Figure 4 

shows the area under the ROC curve for HGI when cut-off values other than 6.0 mmol/L 

are used. In multivariate analysis with APACHE-II, sex and age, HGI remained as the only 

significant glucose index in the binary logistic model (P<0.001). P-values of mean 

glucose, morning glucose, admission glucose and maximum glucose were 0.08, 0.17, 

0.43 and 0.49, respectively. With regard to mortality the results of regression analysis did 

not differ between the cohort of patients whose APACHE-II scores were available and the 

cohort of which the APACHE-II scores were not available. 

 

Discussion 

 

Of all measures of hyperglycemia evaluated, HGI correlated best with 30-day mortality in 

this population of critically ill patients. This supports our hypothesis that HGI is a useful 
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index to quantify glucose regulation. Therefore, assuming that normoglycemia is the aim, 

the goal of a glucose-insulin algorithm is clear. The algorithm should obtain an HGI as 

close to zero as possible. Both in the univariate analysis and in the multivariate binary 

logistic regression analysis - where severity of illness, age and sex were included - HGI 

emerged as the best indicator of hyperglycemia. We assume this reflects the fact that HGI 

takes better account of the factor time, and avoids the phenomenon that alternating high 

and low values average out to a normal value. 

 

Figure 3. Relation between HGI - divided in quartiles - and mortality 
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In the highest quartile mortality is nearly three times higher than mortality in the lowest quartile 

(P<0.001). HGI denotes hyperglycemic index. 

 

The principle of calculating the area under the glucose curve is not new. Brown and 

Dodek  determined the area under the curve above a glucose threshold of 11.5 mmol/L.8 

The area under the curve was used to assess the speed of initial normalization of glucose 

with an insulin algorithm. Other recent studies have also used glucose thresholds above 

10.0 mmol/L to separate good control from poor control.20;21 However, such thresholds 

are now considered as high with regard to the Leuven study, since that study 

demonstrated  improved outcome if normoglycemia (4.4 to 6.1 mmol/L) was pursued.4;5 

Regarding the fact that the vast majority of glucoses in our patients were <10 mmol/L, 

crucial information would have been lost with a cut-off of 10.0 mmol/L as reflected by a 

decreased area under the ROC-curve at a cut-off value for HGI of 10.0 mmol/L (figure 4). 

The cut-off of 6.0 mmol/L was based on the upper limit of the group of patients with strict 
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regulation in the Leuven study. Recently Finney and colleagues found that glucose 

regulation below 8.3 mmol/L was not related to a better outcome.19 This agrees with our 

observations, as figure 4 shows that the optimal HGI-cut-off lies between 6.0 and 8.0 

mmol/L. 

 

Study limitations 

Some limitations of this study should be mentioned. Our study concerned a retrospective, 

single ICU study that covers a period when strict glucose regulation was not a major 

issue. Mortality at 30 days was used as an outcome measure to identify the best glucose 

index. HGI was the best measure of glucose regulation, but with a ROC-area of 0.64 HGI 

alone can not serve as a useful predictor of mortality. The relative contributions of 

endogenous glucose production, exogenous glucose supply and insulin to HGI and other 

some other measures could not be identified since our study did not include glucose 

infusion or (par)enteral feeding, nor did it include intensive treatment with insulin. 

 

Figure 4. HGI for various glucose cut-offs 
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The cut-off in all other analyses was chosen at 6 mmol/L as it was the upper limit of the intensive 

treatment group in the Leuven study. To see how the performance of HGI is at other cut-off values 

the area under the ROC curve was determined for HGI cut-offs from 4.0 to 15.0 mmol/L. In the 

patients studied, a cut-off between 6.0 and 8.0 mmol/L was associated with the highest area. 

 

It should be stressed that HGI was designed to quantify hyperglycemia, not hypoglycemia. 

Prevention of hypoglycemia is a critical requirement for any algorithm for glucose 

regulation.5-7 However, unlike hyperglycemia, hypoglycemia is a phenomenon that tends 

to be relatively short-lived as our results show, and might be quantified by more 
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straightforward measures, such as the lowest glucose. An elevated admission glucose 

level is associated with a worse outcome, as has been found by many investigators in 

various patient categories, as was also found in our study.1-3;12;13;22-30 In our study however 

the area under the ROC curves was smaller for all conventional measures of glucose 

regulation than it was for HGI.  

Like other indices of glucose regulation, HGI is related to outcome. However in contrast to 

admission glucose, HGI is also amenable to therapy. HGI involves additional computation 

(figure 1) compared with more straightforward indices, but HGI does not require more 

information. Calculating HGI should be feasible in ICU's that possess a patient database 

management system (PDMS) that can provide automated input for the HGI calculation. 

The fact that HGI expresses glucose regulation as a single value, has methodological 

advantages. The performance of glucose-insulin algorithms could be compared with HGI. 

Therefore it is important to regularly measure glucose. A major advantage of HGI is that 

periods of very frequent sampling (e.g. during hyperglycemia or hypoglycemia) are 

compensated for as HGI is based on a time average. HGI must be reassessed in the era of 

tighter glucose regulation. Moreover, the value of HGI needs confirmation in other ICUs. 

Since HGI has not been used by other investigators, it would be of interest how HGI 

compares with other glucose indices in observational or intervention studies. Existing 

glucose patient databases could be reanalyzed to determine HGI. The use of glucose 

measures to predict outcome independently of other parameters such as age and severity 

scores is interesting but lacks power as is proven by the area under the ROC. More in 

general HGI may be more useful to relate hyperglycemia with organ failure scores such as 

the Sequential Organ Failure Assessment (SOFA) score 31, or parameters of systemic 

inflammation. Continuous measurements of blood glucose will allow to calculate and 

compare HGI and the value of other glucose measures to a degree not possible with 

intermittent measurements.32-35 Currently available glucose sensors are promising but 

have not yet proven to be sufficiently reliable in critically ill patients and do not allow 

continuous measurements over prolonged periods.32-35  

 

Conclusion 

 
In conclusion, HGI quantifies the impact of hyperglycemia in critically ill patients better 

than other glucose indices. HGI may thus be a useful measure of glucose regulation.  
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To the editor: 

We read with interest the study by Cely and colleagues (September 2004) on the 

relationship of baseline glucose homeostasis to hyperglycemia in critically ill patients.1 

The authors show that hyperglycemia generally is present in critical illness and that 

patients with low ‘baseline’ HbA1c levels are less inclined to hyperglycemia than patients 

with higher HbA1c. Furthermore, they mention that ‘patients with normal and abnormal 

baseline glucose control had similar survival rates’. We don’t think that this statement has 

statistical validity, concerning the limited number of evaluated patients (75 patients; ICU 

mortality rate 29%). 

To determine the relation between blood glucose regulation and mortality, we conducted 

an analysis among all patients admitted to our medical ICU over a 2 years period. 1209 

consecutive patients were included. ICU mortality was 19.4%. Total number of glucose 

measurements was 10954. Mortality was significantly lower in the group with a mean 

glucose of 4.0-6.0 mmol/L versus the group with a mean glucose of 6.0-10.0 mmol/L: 12% 

versus 17.6%, P=0.03. Patients that died in the ICU (N= 235) also had significantly higher 

baseline glucose values than patients that left the ICU alive (N=974): 9.0±5.3 versus 

7.6±4.3 mmol/L. We also calculated mortality rate after dividing patients in groups, based 

on average glucose level during ICU admission. Mortality rate in the group with an 

average glucose of 4.4-6.1 mmol/L (N= 300) was 12%, whilst mortality with an average 

glucose of >11.1 mmol/L (N= 96) was 37.5%. Maximal glucose values during admission 

appeared to be lower in survivors than in non-survivors: 9.6±5.2 versus 11.7±6.0 mmol/L.  

Acute hyperglycemia is frequently found in stress situations.2-8 Since it is so common, it 

could be explained as a physiologic adaptation. On the other hand, hyperglycemia is 

associated with complications and there is increasing evidence that strict regulation of 

glucose could have beneficial effects on morbidity and even mortality.9-11 

Based on our own findings and those of others, we assume that hyperglycemia is 

correlated with mortality in critically ill patients. The next important step is to design and 

start up feasible glucose regulation protocols and study the effect of strict glucose 

regulation also in medical intensive care patients. 
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Abstract 

 

Background 

The combination of reperfusion therapy and high-dose glucose-insulin-potassium infusion 

(GIK) seems beneficial in acute myocardial infarction (MI). Current evidence however is 

not considered conclusive.  

 

Study design 

The Glucose-Insulin-Potassium Study-2 (GIPS-2) will investigate whether GIK, in 

adjunction to reperfusion therapy, is beneficial in MI patients without signs of heart failure 

at admission. A total of at least 1044 patients with an acute MI treated with either 

thrombolysis or primary percutaneous coronary intervention (PCI) will be randomized to 

an infusion of high-dose GIK or no infusion. The primary endpoint of the study is 30-day 

mortality. Secondary endpoints are mortality at 1-year, recurrence of MI, repeat 

intervention and infarct size.  

 

Implications 

If high-dose GIK significantly reduces mortality at 30-days in all patients, the adjunction of 

this treatment to reperfusion therapy may become part of standard regimen for patients 

with acute MI without heart failure. 
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Introduction 

 

Mortality, morbidity and infarct size following acute myocardial infarction (MI) are 

considerably reduced by reperfusion therapy, i.e. thrombolysis or primary percutaneous 

coronary intervention (PCI), and adequate medical treatment.1-3 Further reduction may be 

obtained by therapies influencing cardiac metabolism, such as the infusion of glucose-

insulin-potassium (GIK). 

 

Background 

GIK therapy may improve outcome after MI through several potential mechanisms.4 GIK 

reduces the amount of circulating free fatty acids (FFA) and promotes the use of glucose 

as primary myocardial energy substrate.5-8 Glucose is less oxygen consuming in 

comparison to free fatty acids (FFA) and has a beneficial effect on myocardial function and 

membrane stability.9;10 Furthermore, insulin improves myocardial perfusion and may 

reduce reperfusion injury.11 Insulin activates intracellular signaling pathways that promote 

cell survival and inhibit apoptosis related events. As apoptosis may play a significant role 

in reperfusion injury, GIK infusion may limit additional myocardial damage after adequate 

perfusion has been restored 11-13 

 

Previous studies 

Treatment with GIK was first mentioned in the early sixties by Sodi-Pollares.14 Thereafter, 

GIK infusion has been advocated in small trials as the therapy of choice in the early hours 

following acute myocardial infarction.15-21 An systematic overview involving nine of these 

early studies with 1932 patients concluded that GIK might play an important role in 

reducing in-hospital mortality after acute myocardial infarction.22 This benefit was 

particularly present in studies that used a high dose GIK scheme, with a reduction of in-

hospital mortality from 11.8% to 7.0% (p=0.05). This is in accordance with experimental 

studies showing that high-dose GIK (≥5 units insulin/hour) maximally suppresses 

circulating FFA levels and induces maximum myocardial glucose uptake.5 The first clinical 

study of GIK patients with MI in the era of reperfusion was the Diabetes Mellitus, Insulin 

Glucose Infusion in Acute Myocardial Infarction (DIGAMI) study.23 This study included 620 

patients with diabetes mellitus or hyperglycemia (glucose > 11.0 mmol/l) on admission 

and randomly assigned them to either conventional therapy or adjunctive therapy through 

a glucose-insulin infusion followed by a multidose insulin regimen for at least 3 months. 

Patients treated with GIK had a significantly lower 1-year mortality (18.6% versus 26.1%, 

p=0.03). A few years later the Estudios Cardiologicos Latinoamerica (ECLA) pilot trial, 

which included 407 patients was published.24 It showed that after 30 days mortality in the 

group of patients randomized to GIK (both high and low dose) was lower than in the 
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control group (6.7% versus 11.5%, NS). The effect was most pronounced in patients in 

which GIK had been combined with reperfusion treatment, mostly thrombolysis (5.1% 

versus 15.1%, P=0.01). Again, high dose GIK proofed to be most beneficial compared to 

low dose GIK. In the Polish-Glucose-Insulin-Potassium (Pol-GIK) trial with 954 patients, the 

mortality in patients treated with low dose GIK was higher than in the control group (8.9% 

versus 4.8%, P=0.01).25 Mortality due to a cardiovascular incident was not significantly 

different, and as such the cause of this difference remained unclear. In the Glucose-

Insulin-Potassium Study 1 (GIPS-1) 940 patients were randomized to high-dose GIK or no 

infusion in combination with primary PCI.26  

 

Figure 1. The odds ratio and confidence interval of all randomized trials with GIK stratified 

according to the use of high versus low dose GIK 
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Overall there is a significant benefit of GIK in comparison to the control group. High dose GIK seems 

more beneficial in comparison to low dose. HD denotes high-dose GIK. LD denotes low-dose GIK. 

GIPS = Glucose-Insulin-Potassium Study. ECLA = Estudios Cardiologicos Latinoamerica. DIGAMI = 

Diabetes Insulin-Glucose in Acute Myocardial Infarction study MRC = Medical Research Council. 

Pol-GIK = Polish Glucose Insulin Potassium. In both comparisons of the ECLA the same control 

group is used; in the total of all patients this groups is accounted for once. 



Rationale and design of GIPS-2 

 187 

In the overall population the beneficial effect of GIK did not reach significance (4.8% 

versus 5.8%, P=0.50). In 856 of the 940 patients (91.6%) admitted without signs of heart 

failure (Killip class 1) a significant difference was observed (1.2% versus 4.2%, P=0.01). 

Results of all randomized trials are summarized in figure 1.  

 

Figure 2. Trial design of GIPS-2 

 

 

Taken all these results together, a recent editorial concluded that current evidence for the 

use of GIK in acute MI is not conclusive and whether it is, is a crucial issue to resolve.27 

The multicenter GIPS-2 is designed to address this issue, i.e. whether the infusion of high-

dose GIK has a beneficial effect on 30-day and 1-year mortality and morbidity in patients 

eligible for reperfusion therapy, without signs of heart failure. 
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Methods 
 

Overview 

The planned inclusion calls for a total of at least 1044 patients with an acute MI treated 

with thrombolysis or primary PCI which will be randomly assigned to high-dose GIK 

infusion or no infusion (ratio 1:1). It is a multicenter trial performed in the Netherlands, 

with participation of hospitals of varying sizes, both with and without coronary 

intervention facilities. Randomization and GIK administration will take place in the hospital 

that will initiate the reperfusion therapy. A flow chart of the study design is shown in 

figure 2.    

 
Patients have to meet the stated inclusion criteria. Patients with signs of heart failure and 

reduced life expectancy due to other diseases will be excluded. Patients eligible for 

randomization will either receive conventional care with reperfusion with GIK or no 

infusion. Primary endpoint is 30-day mortality. Patients will at least be followed until 1-

year after randomization. MI denotes myocardial infarction. GIK denotes glucose-insulin-

potassium infusion. 

 

Endpoints 

The primary endpoint is 30-day mortality. Secondary endpoints are 1-year mortality, 

recurrent myocardial infarction and repeat intervention. Furthermore, left ventricular 

function, enzymatic infarct size and ST segment elevation resolution on the 

electrocardiogram will be measured. Systemic metabolism will be derived from specific 

laboratory measurements. At baseline kreatinin, K, glucose, HbA1c, and free fatty acids 

(FFA) will be determined. Glucose and FFA measurements will be repeated at 1-2 hour 

intervals in all patients during hours of infusion. In earlier studies administration of GIK 

lowered the circulating levels of FFA through the inhibitory effect of insulin on lipolyses.8 

This decrease in FFA levels, in combination with an increase in glucose and insulin 

availability, promotes the myocardial use of glucose over FFA.28 

 

To obtain insight in the effect of GIK infusion on left ventricular function, we will determine 

left ventricular ejection fraction (LVEF). LVEF will be measured before discharge by 

radionuclide ventriculography or by echocardiography. Radionuclide ventriculography will 

be performed by using the multiple gated equilibrium method following the labeling of 

red blood cells of the patient with 99mTc-pertechnate [General Electric 300 gamma 

camera with a low-energy all-purpose parallel-hole collimator]. Global ejection fraction will 

be calculated by a General Electric Star View computer using the fully automatic PAGE 

program. 
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Electrocardiography (ECG) will be performed at admission, and at 3 hours after PCI. All 

ECGs will be analyzed as pairs by an independent core laboratory (Diagram BV, Zwolle, 

The Netherlands) and graded for ST segment elevation resolution by 2 investigators who 

are unaware of the data and outcome. ST segment resolution will be defined as complete 

(>70% resolution), partial (30-70% resolution) or no resolution (<30% resolution).29 

 

Core laboratory annalists who are unaware of the clinical history and outcome of the 

patients will assess TIMI (Thrombolysis In Myocardial Infarction) flow and myocardial 

blush grade (MBG). TIMI flow and MBG will be visually assessed on the angiogram. MBG 

has been defined previously: 0, no myocardial blush; 1, minimal myocardial blush or 

contrast density; 2, moderate myocardial blush or contrast density but less than that 

obtained during angiography of a contra or ipsilateral non-infarct related coronary artery; 

and 3, normal myocardial blush or contrast density, comparable with that obtained during 

angiography of a contralateral or ipsilateral non-infarct-related coronary artery.30;31 When 

myocardial blush persists, this phenomenon suggests leakage of contrast medium into 

the extravascular space and is graded 0. With these measures more detailed information 

about the microcirculation will be available. We can determine whether GIK is beneficial in 

patients with disturbed or normal blush grade or in patients with TIMI 3 flow after primary 

PCI.  

 

Number of patients 

Based on the results of the GIPS-1 it can be anticipated that the primary endpoint in the 

two groups of randomization will be the following. A sample size of 1044 patients, with 

522 patients in each treatment group is planned. The number of patients included in this 

study is based on a power-analysis. A study of this size has a statistical power of 80% at 

an alpha level of 0.05 to show a mortality reduction as previously reported in patients 

without signs of heart failure on admission. These mortality rates were 1.2% in the GIK 

group and 4.2% in the control group.26 We did hypothesize that a risk reduction of 30% in 

patients with Killip class 1 would be more realistic.26 We therefore will perform an interim 

analysis using Snapinn’s method after approximately 731 patients.32 This method 

describes a conditional probability procedure which attempts to maintain the overall 

significance level by balancing the probabilities of false early rejection and false early 

acceptance. At the time of the interim analysis it will be considered to prolong the 

inclusion and thereby including the sufficient number of patients. 

 

Patient selection, patient consent and randomization 

All patients admitted to one of the participating hospitals with acute MI are considered for 

the study and prospectively evaluated. The purpose and details of the study are explained 
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to all patients and their consent will be obtained prior to participation in the study. Patients 

are enrolled in an emergency situation, and therefore consent is given verbally in the 

presence of an independent witness. Written informed consent has to be given by the 

patient as soon as the clinical situation of the patient allows it, i.e. after the patient has 

recovered from the acute phase of the MI. 

After verbal consent is obtained patients will be randomized by telephone using a 

computerized voice response system. Randomization will be performed by means of a 

computer program in blocks of 4-8 patients (randomly changing block size) to achieve a 

balanced allocation. All patients will receive a unique randomization number. 

 

Study population 

The diagnosis acute MI will include chest pain suggestive for myocardial ischemia for at 

least 30 minutes, the time from onset of this symptoms should be less than 6 hours before 

hospital admission, and an ECG recording with ST T segment elevation of more than 1 

mV in 2 or more leads. Patients have to be eligible for either thrombolysis or primary PCI. 

Patients with signs of heart failure at admission (Killip class ≥2) will be excluded. Heart 

failure at admission is defined as the existence of either one of the following symptoms, 

i.e. a heart rate over 90 beats/min, a systolic blood pressure beneath 100 mmHg with 

anterior myocardial infarction, a third heart sound, or rales more than one hand-wide. 

Further exclusion criteria are the unwillingness to participate and the existence of a life-

threatening disease with a life-expectancy of less than 6 months. There will be no upper 

age limit. 

 

Medication 

The mode of reperfusion therapy given is chosen by the individual cardiologist. If the 

cardiologist decides for thrombolysis, this may consist of any of the appropriate 

regimens, as stated in the recently updated guidelines of the European Society of 

Cardiology/American College of Cardiology.33;34 If the cardiologist decides for primary PCI 

the patient is transported to the catheterisation laboratory for emergency coronary 

angiography and if indicated primary angioplasty is performed. Additional standard 

treatment consist of 5000 IU heparin, nitroglycerin intravenously, and aspirin 500 mg 

intravenously or 300 mg orally. During angioplasty 10,000 IU heparin is administered as 

bolus. Low molecular weight heparin is given for 24 hours thereafter.  

Standard therapies including aspirin 80 mg, clopidogrel 75 mg, beta-blockers, lipid 

lowering agents and angiotensin converting enzyme inhibitors or angiotensin II receptor 

blockers are likely to be protective in most patients, and should be used according to the 

guidelines of the European Society of Cardiology/American College of Cardiology.33;34 



Rationale and design of GIPS-2 

 191 

 
Figure 3. Algorithm of GIK administration 
 

Scheme 1: Starting dose of insulin infusion rate 

Glucose (mmol/L) Additional action Infusion rate (IU/hour) 

> 15 6 IU short-acting insulin i.v. 23 

11.0-15.0  23 

10.0-10.9  18 

9.0-9.9  14 

8.0-8.9  9 

7.0-7.9  5 

<  7  3 

 

Scheme 2: Hourly adjustment of insulin infusion rate based on hourly measured glucose 

Glucose level (mmol/L) Additional action Infusion rate (IU/hour) 

> 15 6 IU short-acting insulin i.v. Increase with 5 

11.0-15.0  Increase with 3 

10.0-10.9  Increase with 2 

6.0-9.9  Leave unchanged 

4.0-5.9  Decrease with 8 

<4 1. Stop infusion for 15 minutes 
2. Measure blood glucose level every 15 minutes until 

>6,9 mmol/L 
3. Start infusion with infusion rate 7 ml/hour beneath rate 

before stop 
4. If symptoms of hypoglycemia are present than give 20 

ml of glucose 30% i.v. 

An infusion of 500 ml 20% glucose with 40 mmol potassium chloride is started with a fixed infusion 

rate of 2 ml/kg body weight/hour. In addition, a variable infusion of short acting insulin is started. 

Initial insulin dose is according to the admission glucose (Scheme 1). For example: a glucose level 

at admission of 9.5 mmol/L dictates an initial insulin dose of 14 units/hour. Based on subsequent 

hourly measured glucose levels the insulin infusion rate will be changed according to Scheme 2. As 

can be seen in scheme 2; insulin infusion is increased when glucose levels are ≥ 10 mmol/L and 

decreased when glucose levels are < 6.0 mmol/L. If blood glucose levels drop more than 30% and 

glucose is still > 11.0 mmol/L the rate should not be increased. If blood glucose levels drops more 

than 30% and the eventual glucose is between 6.0 and 11.0 mmol/L, than the rate should be 

decreased with 5 units. Infusion rate must not exceed 38 ml/hour. If the infusion rate should be 

increased above 38 ml/hour than add 6 IU of short-acting insulin. ∗ GIK denotes glucose-insulin-

potassium infusion. 
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Patients randomly assigned to the GIK group receive an infusion of 40 mmol potassium 

chloride in 500 ml 20% glucose, which is administered with a fixed rate of 2.0 ml/kilogram 

body weight/hour over a 12 hour period in a peripheral venous line. The infusion is started 

as soon as possible after admission at the hospital (i.e. after blood-glucose level is 

determined), preferably before reperfusion therapy is started. Thereby a continuous 

infusion of short-acting insulin (50 units Actrapid HM [Novo Nordisk, Copenhagen, 

Denmark]) in 49.5 ml of 0.9 percent sodium chloride with the use of a perfusor-pump will 

also be started. This insulin infusion rate is variable. The first measured glucose level, 

prior to the glucose-potassium infusion, determines the dosage at which the insulin pump 

is started (figure 3 – scheme 1). Hereafter, glucose levels will be measured every hour. 

Subsequent adjustment of the insulin dose will be based on these hourly measurements 

of glucose, aiming at blood-glucose levels of 6.0 to 10.0 mmol/l (figure 3 – scheme 2). 

After the glucose-potassium infusion is stopped insulin may be continued based on 

glucose measurements according to the conventional care. In the control group blood 

glucose regulation will be according to the conventional care. In general, the initial insulin 

infusion rate will be at least 5 units/hour, as most patients will have an admission glucose 

≥7.0 mmol/L. The insulin dose is comparable with the DIGAMI study (4.8 units/hour) and 

the high dose regimen of the ECLA trial (5.6 units/hour).35;36 Whereas it is higher than the 

low dose regimen of the ECLA (1.5 units/hour) or the Pol-GIK trial (1.3 units/hour).24;25 Most 

studies employed insulin as a fixed dose with glucose delivery titrated to maintain target 

glucose concentrations. In our studies we use a fixed glucose infusion combined with 

potassium chloride and titrate insulin to obtain strict control of blood-glucose levels. It is 

known that hyperglycemia is a prognostic factor in acute MI in both patients with and 

without diabetes mellitus.37;38 Treating MI patients with insulin in the DIGAMI has shown to 

have beneficial effects on both glucose control and survival.23 The reduction of mortality 

by intensive insulin therapy in critically ill patients to maintain blood glucose below 6.1 

mmol/l gives also direction for metabolic interventions, such as GIK infusion, that are 

directed towards prevention of hyperglycemia.39 In two studies including diabetic patients 

treated with coronary artery bypass grafting strict glucose control with either insulin alone 

or GIK was related to a significant mortality reduction.40;41 

 

Baseline demographic and clinical characteristics 

Baseline characteristics that will be collected include age, gender, time of symptom onset, 

time of admission, history of previous myocardial infarction, hypertension, diabetes 

mellitus (and type and medication, i.e. diet, tablets, insulin), positive family history for 

cardiovascular diseases. Physical diagnosis at admission includes heart rate, systolic and 

diastolic blood pressure, weight, length, heart sounds and lung sounds. 
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Inhospital and follow-up assessment 

All randomized patients should undergo trial follow-up at discharge, 30 days, and 1 year. 

Follow-up information will be obtained by a telephone interview with the patient. 

Additional information on events that occurred will be retrieved from hospital records. 

The hospital in which the patient initially was included and randomized is responsible for 

complementation of follow-up.   

 

Statistical analysis 

The primary endpoint of the study is 30-day mortality. Secondary endpoints are one-year 

mortality, recurrent infarction, repeat intervention and infarct size. The incidence of death 

will be evaluated in predefined subgroups with regard to age, gender, time to treatment, 

location of the infarction, diabetic status and glycometabolic state on admission. Analyses 

will be performed according to the intention-to-treat principle. Differences between group 

means will be assessed with the two-tailed Student’s t-test. Chi-square analysis or Fisher’s 

exact test was used to test differences between proportions. Survival will be calculated by 

the Kaplan-Meier product-limit method. The Mantel-Cox (or Log-rank) test will be used to 

evaluate differences in survival between the two treatment groups. The Cox proportional-

hazards regression model will be used to calculate relative risks and to adjust for 

differences in baseline characteristics. Statistical significance is considered as a two-tailed 

P-value <0.05. The Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, 

USA) version 11.0.1 will be used for all statistical analysis. 

 

Study organisation 

Data on mortality will be collected according to the Case Record Form (CRF). The 

participating centers will send copies of the CRF. All data will be recorded in a dedicated 

database at the data-management centre. For entering the data into the database a double 

data entry system will be used. Data will be checked through an error check program, 

queries generated out of that program will be solved by the research personnel of the 

participating centers. Monitors will periodically check a sample of the recorded patient 

data against source documents at the study site.  

 

Future GIK trials 

Other promising trials investigating GIK in acute MI are underway. The multinational 

DIGAMI–2 will provide data on potential effects of glycometabolic control in 

hyperglycemic patients. It was planned to randomize approximately 3000 patients with 

suspected MI to acute insulin-glucose infusion followed by multidose subcutaneous 

insulin, acute insulin-glucose infusion followed by conventional hypoglycemic therapy, or 

conventional hypoglycemic treatment. The main comparison will be the mortality rate 



Metabolic interventions in acute myocardial infarction 

 194 

between patients randomized to insulin-glucose infuson. The combined multinational 

ECLA GIK 2/CREATE trial, investigating high-dose GIK, has already included a tremendous 

number of patients (>27000) and therefore has optimal statistical power. Primary 

endpoint will be to compare 30-day mortality rate in acute MI patients presenting within 

12 hours from symptoms onset and eligible for any reperfusion strategy (thrombolysis or 

primary PCI) allocated to a high dose GIK infusion versus the control treatment. The 

multinational Organization to Assess Strategies for Ischemic Syndromes (OASIS)-6 trial 

will include at least 10000 patients presenting with an acute MI treated with a range of 

thrombolytic agents, primary PCI and those not eligible for reperfusion therapy (e.g. late 

presentation or contra-indication to reperfusion therapy). The study has a side arm to 

investigate the effect of GIK infusion on death and nonfatal cardiac arrest up to day 30. 

Although the GIPS-2 trial will only include a fraction of patients compared to the latter 

trials, extensive laboratory and angiographic data and measurement of residual left 

ventricular function will provide additional insight into the therapeutic mechanisms of GIK. 

The time between onset of symptoms and initiation of the GIK infusion will be short and 

secondary prevention will be initiated in all patients. Finally, the GIPS-2 will give the 

opportunity to complete follow-up over a long time. 

 

Current status 

Enrolment started at August 4th 2003.  

 

Conclusion 

 

GIPS-2 is a multicenter, randomized, controlled trial that will enroll patients during the 

acute phase of MI to determine whether GIK should be added to the standard regimen in 

patients without heart failure at admission. 
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This thesis primarily describes the results of high-dose glucose-insulin-potassium (GIK) 

infusion in ST segment elevation MI patients treated with primary percutaneous coronary 

intervention (PCI).1 In the introduction (Chapter 1) it has already been stated that the 

experimental and clinical evidence accumulated over the better part of a century 

underscores the importance of glucose metabolism during ischemia/reperfusion of the 

heart. In 1912, Goulston suggested that treatment with glucose could be beneficial in 

several categories of heart disease.2 Sodi-Pallares and colleagues were the first to report 

the use of GIK in patients with acute myocardial infarction and found that it limited 

electrocardiographic changes.3 After the promising results of nine early randomized trials 

with 1932 patients and publication of the first results in patients treated with both 

reperfusion therapy and GIK the Glucose-Insulin-Potassium Study (GIPS-1) was set up.4;5 

GIPS-1 included 940 patients randomized to primary PCI with or without GIK (glucose 20% 

with 80 mmol potassium in 500 ml sodiumchloride 0.9% at a rate of 3 ml/kg/ per hour and 

50 IU insulin in 50 ml water administered according to serum glucose concentrations). 

Baseline insulin-infusion dose and adjustments of the insulin dose, to obtain blood-

glucose levels between 7.0 and 11.0 mmol/L, were based on a modified algorithm. In 

Chapter 2.1 we describe the results of GIPS-1 on 30-day mortality and major adverse 

cardiac events (MACE).6 We observed that the mortality rate was lower in the GIK group 

(4.8%) compared to the control group (5.8%), albeit not statistically significant. After 

adjustment for differences at baseline, the relative risk of mortality with GIK became 0.61 

(0.34–1.10, P=0.09). In the large predefined subgroup of 856 patients without signs of 

heart failure (Killip class 1), a significant reduction of mortality was seen (1.2% in the GIK 

compared to 4.2% in the control group, P=0.01). In 84 patients (8.9%) with signs of heart 

failure (Killip class ≥2), the effect of GIK is uncertain since a (non-significant) higher 

mortality rate was observed.  

In Chapters 2.2 and 2.3, we analyzed the effects of GIK on myocardial function and 

determined enzymatic infarct size and left ventricular function. There was no difference in 

the time course or magnitude of creatine kinase MB (CK-MB) release between the two 

groups: peak CK-MB level was 249±228 IU/L in the GIK group versus 240±200 IU/L in the 

control group (NS). The mean left ventricular ejection fraction (LVEF) was higher in the 

GIK group (43.7±1.0% versus 42.4±11.7%, P=0.12). Poor left ventricular function (LVEF 

≤30%) was observed in 18% in the controls and in 12% in the GIK group (P=0.01). We 

observed a relation between enzyme release and left ventricular function; the mean peak 

CK-MB was 463±318 IU/L in patients with LVEF ≤30% versus 215±166 IU/L in patients with 

LVEF >30% (P<0.001). We therefore hypothesized that the effect of GIK on left ventricular 

function is mediated by factors unrelated to enzymatic infarct size. 

Chapter 2.4 describes the effect of GIK on the resolution of ST segment elevation. The 

electrocardiograms at admission and after 3 hours were analyzed in 612 patients. 
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Combined complete (>70%) and partial (30-70%) resolution was more commonly 

observed in the GIK group (87%) when compared to the control group (78%), relative risk 

1.72 (95% confidence interval 1.2-2.46, P<0.001). One-year mortality was lower in patients 

with combined complete and partial resolution compared to patients without resolution 

(3.8% versus 10.3%, P=0.011). ST segment elevation resolution after reperfusion therapy 

reflects myocardial flow rather than epicardial flow and predicts clinical outcome better 

than epicardial vessel patency alone in patients treated with reperfusion therapy7-9 One of 

the effects of GIK in reperfused MI patients may be the restoration/preservation of 

myocardial perfusion. 

The goal of the infusion of GIK during acute MI is to modulate the (myocardial) 

metabolism in such a manner that it is related to the preservation of myocardial function 

and a favorable clinical outcome. In Chapter 2.5, we describe the effect of GIK infusion on 

glucose and potassium levels. Mean serum glucose was 9.3±4.5 mmol/L in the GIK group 

compared to 8.4±2.9 mmol/L in the control group (P<0.001). Hyperglycemia (glucose 

>11.0 mmol/L) occurred in 337 patients (70.8%) treated with GIK and in 157 controls 

(33.8%) (P<0.001). A total of 48 hyperglycemic patients (9.4%) died versus 21 patients 

(4.7%) without hyperglycemia (P=0.004). In patients with hyperglycemia, 1-year mortality 

was 8.3% in the GIK group versus 12.7% in controls (P=0.14). Hypoglycemia (glucose 

≤3.0 mmol/L) occurred in 10 patients of whom 2 patients (20%) died, both treated with 

GIK. Hyperkalemia (potassium >5.5 mmol/L) was present in 26 GIK patients (5.5%) and in 

15 controls (3.2%) (P=0.11); of these patients 9 (34.6%) died in the GIK group and 9 (60%) 

in the control group (P=0.19). Hypokalemia (potassium ≤3.5 mmol/L) occurred in 112 

patients (23.5%) in the GIK group and in 191 patients in the control group (41.2%) 

(P<0.001). A total of 30 patients (9.9%) with hypokalemia died, 10 GIK patients (8.9%) and 

20 controls (10.5%) (P=0.84). The beneficial effect of GIK on mortality may be diminished 

by these derangements. 

The 3-year results are represented in Chapter 2.6. All-cause mortality occurred in 98 

(10.4%) out of 940 patients after 3 years. Factors related with long-term mortality were 

age, previous cardiovascular disease, anterior MI, Killip class ≥2, and multi-vessel disease 

(all P<0.001). In the GIK group, 46 (9.7%) out of 476 patients died compared to 52 (11.2%) 

out of 464 patients (P=0.44, using the Log-rank test). In patients with Killip class 1 (N=856) 

randomization to GIK had an independent relation with 3-year mortality, with an adjusted 

relative risk of 0.56 (0.34-0.94, P=0.028). Other factors related with long-term mortality in 

Killip class 1 patients were age (P<0.001), previous cardiovascular disease (P<0.001) and 

multi-vessel disease (P=0.046). Cardiac protection with GIK infusion and primary PCI in 

acute MI did not result in a significant reduction in mortality in all patients. During the 3-

year follow-up, the beneficial effect observed after 30-days in the predefined subgroup of 

Killip class 1 patients was sustained. 
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In Chapter 3 we describe the results of an overview off all studies on glucose-insulin-

potassium solution. Of 13 published randomized trials, 12 studies reported mortality 

reduction after GIK. Most promising effects were observed when GIK was given in a high 

dose and when it was given as an adjunctive to reperfusion therapy. 

 

In the second part of this thesis we describe our observational studies regarding the 

relation between hyperglycemia and outcome without controlled interventions on glucose 

metabolism. In Chapter 4.1, we determined whether admission glucose predicted long-

term outcome in MI patients without diabetes mellitus that were treated with 

streptokinase or primary PCI. We observed that elevated admission glucose levels in non-

diabetic patients treated with reperfusion therapy for ST segment elevation MI are 

independently associated with larger infarct size and higher long-term mortality. 

In Chapter 4.2, we describe the results of an analysis of the effect of admission 

hyperglycemia on myocardial perfusion in MI patients. A total of 93 patients (20%) out of 

464 patients had hyperglycemia (glucose ≥11.0 mmol/L). They had more often a reduced 

myocardial blush grade (26% versus 15%, P=0.02) and incomplete ST segment elevation 

resolution (59% versus 39%, P=0.01) compared to patients without hyperglycemia on 

admission. Also, in patients with hyperglycemia there was a greater reduction in left 

ventricular function and a higher mortality. This was observed in patients with and without 

diabetes mellitus. Hyperglycemia on admission is associated with reduced myocardial 

reperfusion after primary PCI, which was associated with adverse clinical outcome. 

In Chapter 4.3, we respond to a study that stated that hyperglycemia might be associated 

with impaired microvascular function after acute myocardial infarction (MI). The authors 

reached this conclusion by a retrospective analysis of 146 patients.10 The hypothesis that 

acute hyperglycemia (i.e., hyperglycemia at admission) is associated with the ‘no reflow’ 

phenomenon is intriguing. However, we hypothesize that ‘no reflow’ is related to acute 

hyperglycemia and chronic hyperglycemia (i.e., elevated HbA1c and/or DM). Therefore, 

new studies will have to determine the effect of hyperglycemia on ‘no reflow’ and 

preferentially on the effect of metabolic regulation. 

Although admission glucose is a predictor of unfavorable outcome in MI patients, the 

predictive value is not strong. We hypothesized that persistent hyperglycemia (an 

elevated time-averaged glucose during admission) in critically ill patients could be a better 

predictor. In Chapter 5.1, we describe the relation between an elevated glucose at 

admission and an elevated time-averaged glucose with short-term MACE in MI patients 

treated with primary PCI. We included 417 patients of which 89 patients (21.3%) had had 

at least one MACE. In 17 patients (4.1%) it had been a fatal event and in 72 patients 

(17.3%) a non-fatal event. MACE occurred more often in patients who were older, had 

previous cardiovascular disease, anterior infarction location, and multi-vessel disease. The 

area under the receiver operator characteristic curve was 0.64 for time-averaged glucose 
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and 0.59 for admission glucose. Time-averaged glucose emerged as a significant 

independent predictor after multivariate analysis (P<0.01). We concluded that elevated 

time-averaged glucose in MI has a stronger relation with short-term MACE than elevated 

admission glucose. 

In Chapter 5.2, the relation between hyperglycemia during admission and outcome was 

analyzed in a retrospective study of critically ill patients admitted to a surgical Intensive 

Care Unit. An objective measure of hyperglycemia to assess glucose regulation was 

defined. The so-called, hyperglycemic index (HGI) denotes the area under the curve as 

‘above the upper limit of normal’ (glucose level 6.0 mmol/L) divided by ‘the total length of 

stay’. In 1779 patients with a median ICU-stay of 10 days, 30-day mortality was 17%. 

Median HGI was 0.9 (0.3-2.1) in survivors compared to 1.7 (0.7-3.3) mmol/L in non-

survivors (p<0.001). Area under the receiver operator characteristic curve was 0.64 for 

HGI, compared with 0.61 and 0.62 for mean morning glucose and mean glucose. HGI was 

the only significant glucose measure in binary logistic regression. We concluded that HGI 

quantifies the impact of hyperglycemia in critically ill patients better than other glucose 

indices. HGI may thus be a useful measure of glucose regulation. We also determined 

whether the relation between HGI and outcome was present in patients admitted to a 

medical Intensive Care Unit (Chapter 5.3).  

Finally, in Chapter 6, we describe the protocol of the GIPS-2 study. This chapter is already 

the implementation of future perspectives based on the results described in this thesis. 

GIPS-2 is an ongoing multi-center trial on the effect of GIK infusion in ST segment 

elevation MI patients without signs of heart-failure and eligible for reperfusion therapy. 

 

Future perspectives 

 

The definite role for metabolic modulation of the ischemic myocardium with GIK infusion 

has to be determined yet. Studies with GIK in acute MI were primarily based on the 

premises that infusion of glucose is beneficial for the ischemic myocardium.11;12 Decades 

ago the glucose hypothesis was proposed: enhanced uptake and metabolism of glucose 

delays cellular damage.13;14 Glucose utilization during ischemia prevents the breakdown of 

glycogen stores and leads to increased net intramyocardial glycogen synthesis, thereby 

limiting enzymatic infarct size and contracture.15-17 Recently, Opie stated that new 

concepts (table 1) have updated and outdated this hypothesis although the balance of 

glucose versus fatty acid oxidation remains crucial in ischemia.18;19 

 

We agree, that the potential positive effects of insulin during stress situations are 

multifarious and open for investigation in different patient groups.37;38 Insulin is involved in 

the uptake of glucose by several tissues including the myocardium.39;40 It is also involved 
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in gene transcription, expression of various metabolic enzymes, and activation of various 

pathways with mitogenic activity.41 Insulin inhibits postischemic apoptosis, energetic 

failure and damage to cardiac tissue, possibly through reduced oxidative stress mediated 

by KATP channel activation.33;42-44 Insulin stimulates protein synthesis and inhibits 

intracellular protein breakdown in cardiac tissue.45-47 Insulin potentiates ischemic 

preconditioning.48;49 Insulin has an anti-inflammatory effect.50;51 Insulin improves the 

fibrinolytic profile during myocardial ischemia.51;52 Insulin/strict-glucose-control restores 

the abnormalities in the serum lipid profile.53;54 Finally, insulin has vasodilating capacities 

in the blood vessels of muscle tissue as well as in the myocardium.55;56  

 

Table 1. Key new concepts on the role of insulin and glucose in myocardial ischemia 

[partly adapted from Opie LH, Jonassen A, Yellon DM. Cardiovasc J S Afr 2004;15:S1]18 

• Reset of glycolysis-oxidation mismatch20 

• Fatty acid oxidation↓, glucose↑21 

• Low flow induces myocardial glucose uptake and is related to ATP↑22;23 

• Insulin is related to increased myocardial flow24 

• Insulin stimulates Akt/PKB25 

• Inhibition of malonyl CoA decarboxylase: fatty acid oxidation↓, glucose↑26 

• PPAR & nucleus↑27-29 

• Fatty acid-induced genes30 

• Prosurvival pathway stimulation31;32 

• Activation of KATP channel related to reduced oxidative stress33 

• Mitochondrial uncoupling proteins 2 and 3 regulatory role on myocardial 

metabolism34 

• AMP-activated protein kinase mediates ischemic glucose uptake35;36 

 

The results of a landmark study on intensive insulin therapy in critically ill patients in order 

to maintain blood glucose between 4.4 and 6.1 mmol/L and the results of the Diabetes 

Mellitus, Insulin Glucose Infusion in Acute Myocardial Infarction study emphasize the 

beneficial effect of insulin.57-60 Although, these studies focussed on the effects of more 

strict glucose regulation as an important factor in explaining the positive results, the 

results may also be interpreted in a different manner. In studies regarding acute MI there 

is a trend towards a significant beneficial effect of insulin or glucose-insulin-potassium 

infusion despite the fact that normoglycemia was not obtained.5;6;61 Therefore, insulin 

could be both a moderator for transmembrane glucose transport to obtain 

normoglycemia and a moderator of the effects that are mentioned above. It is to be 

expected that in future studies the role of insulin or GIK, with or without meticulous 

glucose regulation, will be established in the treatment of various conditions.37 The GIPS-2 
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is designed to investigate the effect of GIK infusion in ST segment elevation MI patients 

without signs of heart-failure and eligible for reperfusion therapy. For patients with signs 

of heart failure on admission, a more tailored approach seems warranted, such as the 

admission of glucose 30% or an infusion of no more than 500 ml, or a period of infusion 

of 12 to 24 hours.62 A first step is to investigate the effect of GIK infusion on the 

hemodynamics after admission with acute MI. Already we performed a pilot-study on this 

subject in approximately 90 MI patients. The results of this study will be used to 

determine a tailored approach.  

Only three small prospective studies, including 12 to 30 patients, have been published on 

the possible beneficial effect of GIK infusion in stable patients with ischemic cardiac 

dysfunction.63-65 We designed a prospective study to address whether high-dose low-

volume infusion of GIK administered through a central line will lead to improved 

myocardial function without causing hemodynamic disturbances in stable patients 

suffering from severe ischemic myocardial dysfunction. 

 

To investigate the potential benefit of strict glucose regulation by insulin in patients 

admitted to Intensive or Coronary Care Units, a feasible algorithm and reliable glucose 

monitor are mandatory.66 To obtain strict regulation in critically ill patients, it is necessary 

to measure glucose levels frequently and then change the rate of insulin infusion 

accordingly. These frequent measurements also protect against adverse hypoglycemic 

episodes.67 The infusion of either insulin alone or GIK can be adjusted according to an 

algorithm.68  

 

Table 2. Characteristics of algorithms with proved effective glucose regulation (the most 

effective form of administration is mentioned first) 

• Continuous versus intermittent infusion 

• Intravenous versus subcutaneous administration 

• Adjusting the rate of infusion to the last two blood-glucose values prevents 

hypoglycemic episodes and promotes stricter regulation 

• Starting with a bolus expedites reaching target values 

• Hourly adjustments lead to stricter regulation 

• Starting at lower values reduces the period of infusion 

• Combining insulin treatment with a supply of energy (i.e. parenteral or enteral feeding, 

glucose infusion) 

 

At the moment, an algorithm in which the infusion of insulin has been determined on the 

basis of the last two measured blood-glucose values seems to be the most effective to 

obtain strict glucose regulation. Other features of an algorithm which seem more 
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favorable are represented in table 2. After an algorithm is implemented, it has to be 

evaluated and adjusted until satisfying results are achieved. 

To prevent delay due to long turnaround times of glucose measurements at the 

laboratory, bedside glucometry, and an accepted method for estimating blood glucose 

concentrations among ambulatory and hospital ward patients would be useful. Because 

the accuracy of this system among the critically ill has not been properly evaluated, 

although it is used, we performed a prospective audit of bedside glucometry in our ICU 

setting.59;60 We installed point-of-care bloodgas/glucose analyzers – ABL 715 [Radiometer 

Medical, Copenhagen, Denmark] – in our Intensive and Coronary Care Units.59;60 In 27 

male and 19 female Medical Intensive Care Unit patients, aged 32 years to 88 years, we 

performed a prospective audit in which the reference laboratory instrument [YSI, Yellow 

Springs Instruments, Ohio, USA] were compared with the bloodgas analyzer. Pearson’s 

correlation coefficient was calculated, which was fairly good: 0.95. A tested handheld 

device [Precision PCx, Abbott Laboratories, Illinois, USA] proofed also to be good with 

100% of all paired measures within the set ranges. A continuous display of blood glucose 

levels in critically ill patients for optimal titration of insulin therapy could be a next step.69-72 

The performance of the Continuous Glucose Monitoring System [Medtronic MiniMed, 

Northridge, USA] was recently found to be clinically acceptable.73 In a pilot-study of 20 

patients, we also investigated the reliability and accuracy of the Continuous Glucose 

Monitoring System which was fairly good, with a Pearson’s correlation coefficient of 0.88. 

We found that glucometry with the bloodgas analyzer, and the continuous monitoring 

system provided a reasonable estimate of conventional (reference) laboratory glucose 

assessment. These systems could play an important role in future investigations in both 

the effect and potential beneficial mechanisms of metabolic modulation in critically ill 

patients. 

 

At the moment, clinical studies support the effectiveness of metabolic interventions in 

several groups of critically ill patients.5;6;57-61;74;75 We will have to wait for new clinical 

studies that will show that experimentally obtained results, such as the effect of insulin on 

immune function, inflammation, lipid profile, and apoptosis, can be effectively translated 

in every day practice. In conclusion to this thesis: substantial experimental evidence 

underscores the potential benefit of treatment with insulin, glucose and potassium for the 

heart exposed to ischemia and reperfusion. 
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Dit proefschrift beschrijft bovenal de resultaten van onderzoek naar de effecten van het 

glucose-insuline-kalium (GIK) infuus bij patiënten met een acuut myocardinfarct (MI) die 

behandeld zijn met een primaire percutane coronair interventie (PCI).1 In het tweede deel 

van dit proefschrift wordt nader ingegaan op het voorkomen van hyperglykemie en de 

morbiditeit en mortaliteit bij patiënten waarbij strikte glucose regulatie niet is nagestreefd.  

 

Reeds in 1912 suggereerde Goulston dat glucose gunstig kon zijn bij verschillende 

soorten hartziekten.2 Het beoogde effect van GIK infusie tijdens ischemie en reperfusie 

van het myocard is dat de opname en verbranding van glucose wordt bevorderd en de 

opname en verbranding van vrije vetzuren wordt beperkt (de glucose hypothese van 

Opie).3 Hierdoor zou het metabolisme zo te beïnvloeden zijn dat de functie van het 

myocard wordt behouden en ritmestoornissen worden voorkomen, hetgeen tot een 

betere prognose leidt. Bij verbranding van vrije vetzuren komen immers schadelijke 

produkten vrij en meer zuurstof is nodig om een zelfde hoeveelheid energie te verkrijgen 

dan bij de verbranding van glucose. 

Sodi-Pallares en zijn collega’s waren de eerste die rapporteerden over het gebruik van een 

GIK infuus bij patiënten met een MI. De auteurs concludeerden dat GIK ritme- en 

geleidingsstoornissen gedurende ischemie van het myocard beperkte.4 Na het verschijnen 

van een overzicht van 9 onderzoeken met 1932 MI patiënten naar het effect van GIK op 

overleving, werd in een begeleidend redactioneel schrijven geschreven dat de tijd 

gekomen was voor een grote studie.5  

Een eerste pilot-onderzoek (Estudios Cardiologicos Latinoamerica) met 407 patiënten dat 

daarop volgde, concludeerde dat met name patiënten, die behandeld werden met zowel 

een GIK infuus als thrombolyse, van het GIK infuus bleken te profiteren.6 Dit betrof echter 

een beperkt aantal patiënten en de sterfte in de groep patiënten die met thrombolyse en 

niet met GIK behandeld werden, was hoog (15.2%). Het vormde echter wel de basis voor 

het opzetten van de Glucose-Insulin-Potasssium Study (GIPS-1).7 

In de GIPS-1 zijn 940 patiënten met een acuut MI geïncludeerd en gerandomiseerd naar 

een behandeling van het afgesloten vat door middel van een primaire PCI met GIK 

(N=476) of zonder GIK (N=464). Het GIK infuus bestond uit glucose 20% met 80 mmol 

kalium in 500 ml natriumchloride 0.9% dat met een snelheid van 3 ml/kg/per uur werd 

toegediend. Daarnaast werd afhankelijk van de serum glucose concentratie insuline (50 IU 

insuline in 50 ml water) gegeven. Het doel van de infusie van insuline was om de serum 

glucose concentratie tussen de 7.0 mmol/L en de 11.0 mmol/L te krijgen en vervolgens te 

houden. In vergelijking met de reeds uitgevoerde studies werd in de GIPS-1 reperfusie 

nagestreefd middels PCI (en niet middels thrombolyse) en werd een hoge dosis GIK 

infuus gebruikt. Een hoge dosis GIK infuus is een dosis die qua samenstelling gelijk of 

hoger ligt met een dosis waarvan is aangetoond dat het de opname en verbranding van 

vrije vetzuren onderdrukt (glucose hypothese).8  
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In hoofdstuk 2.1 wordt het resultaat op de mortaliteit en cardiale complicaties na 30 dagen 

beschreven. De mortaliteit in de GIK groep was lager (4.8%) vergeleken met de controle 

groep (5.8%). Het relatieve risico op overlijden in de GIK groep was 0.61. Het gevonden 

verschil was echter niet statistisch significant. Analyse van vooraf vastgestelde 

subgroepen liet zien dat patiënten (N=856) zonder tekenen van hartfalen bij binnenkomst 

(Killip klasse 1), een statistisch significante reductie van de mortaliteit (1.2% in de GIK 

groep versus 4.2% in de controle groep, P=0.01) hadden. Bij patiënten die bij 

binnenkomst wel tekenen van hartfalen vertonen (Killip klasse  ≥2) (N=84), werd echter 

een hogere mortaliteit gezien. Deze laatste groep is echter te klein om duidelijke 

conclusies uit te trekken. Wel lijkt voor deze groep het in toekomstig onderzoek van 

belang de samenstelling van GIK aan te passen.  

In Hoofdstukken 2.2 en 2.3, wordt het effect van het GIK infuus op de functie van het 

myocard, de enzymatische infarctgrootte en de linker ventrikel functie, beschreven. Geen 

verschil werd gevonden in het beloop of de hoogte van het creatine kinase MB (CK-MB) 

(als maat voor enzymatische infarctgrootte) tussen beide groepen. Het behoud van de 

linker ventrikel ejectiefractie (LVEF) bleek wel beter te zijn in de GIK groep vergeleken met 

de controle groep. In de GIK groep had 12% van de patiënten een slechte LVEF (LVEF 

≤30%), in de controle groep had 18% een slechte LVEF (P=0.01). Aangezien er een 

verband is aangetoond tussen de hoogte van het CK-MB en de LVEF wordt gesuggereerd 

dat het effect van GIK mogelijk bewerkstelligd wordt door factoren die niet samenhangen 

met de enzymatische infarct grootte.  

Hoofdstuk 2.4 beschrijft het effect van het GIK infuus op de ST segment elevatie resolutie 

(afname). ST segment elevatie resolutie blijkt een goede weerspiegeling van de perfusie 

van het myocard te zijn en tevens een prognostische factor.9-11 Bij 612 patiënten 

opgenomen in GIPS-1 werd het ECG bij binnenkomst en het ECG 3 uur na binnenkomst 

geanalyseerd. Een complete (>70%) of partiële (30-70%) resolutie werd vaker bereikt in 

de GIK groep (87%) vergeleken met de controle groep (78%) (P<0.001). Omdat ST 

segment elevatie resolutie na reperfusie therapie een afspiegeling van bloeddoorstroming 

in het myocard is wordt gesuggereerd dat het effect van GIK mogelijk voor een deel kan 

samenhangen met een toename van de myocardiale perfusie. 

In Hoofdstuk 2.5, wordt het effect van het GIK infuus op de serum concentraties van 

glucose en kalium beschreven. De gemiddelde glucose waarde bij patiënten behandeld 

met GIK lag hoger (9.3 mmol/L) vergeleken met de controle groep (8.4 mmol/L) (P<0.001). 

Hyperglykemie gedefinieerd als een glucose waarde van >11.0 mmol/L werd bij 70.8% 

van de patiënten in de GIK groep geobserveerd vergeleken met 33.8% van de patiënten in 

de controle groep (P<0.001). De mortaliteit van de patiënten met een hyperglykemie lag 

hoger vergeleken met de patiënten zonder hyperglykemie, respectievelijk 9.4% en 4.7% 

(P=0.004). Hypoglykemie (glucose ≤3.0 mmol/L) werd 10 maal geobserveerd, 2 patiënten 

overleden, beiden werden behandeld met het GIK infuus. Hyperkaliëmie (kalium >5.5 
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mmol/L) kwam bij 5.5% van de GIK patiënten en 3.2% van de controle patiënten voor 

(p=0.11). Hypokaliëmie (kalium ≤3.5 mmol/L) werd vaker gevonden bij controle patiënten 

(23.5% versus 41.2%, P<0.001). Hyperglykemie blijkt iets vaker voor te komen bij 

patiënten die worden behandeld met het GIK infuus, hypokaliëmie minder vaak. Het is 

heel goed mogelijk dat de voordelige effecten van het GIK infuus, besproken in de eerdere 

hoofdstukken verminderd worden door het optreden van bovengenoemde metabole 

effecten. 

De 3-jaars resultaten van de GIPS-1 worden gerapporteerd in Hoofdstuk 2.6. De mortaliteit 

na 3 jaar in de totale groep bedroeg 10.4% (98 van de 940 patiënten). Factoren 

samenhangend met mortaliteit waren leeftijd, cardiovasculaire aandoeningen in de 

voorgeschiedenis, een voorwand MI, Killip klasse ≥2, en meervatslijden. Na 3 jaar waren 

in de GIK groep, 46 van de 476 patiënten (9.7%) overleden, vergeleken met 52 van de 464 

patiënten (11.2%) in de controle groep (NS). In de subgroep van patiënten die bij 

binnenkomst geen tekenen van hartfalen hadden (Killip klasse 1, N=856) bleek het GIK 

infuus een onafhankelijke voorspeller te zijn voor de 3-jaars overleving, met een relatief 

risico op overlijden van 0.56 (P=0.028). Het beschermende effect van het GIK infuus 

resulteerde niet in een significante reductie van mortaliteit na 3 jaar bij alle patiënten. 

Echter het positieve effect in de subgroep van patiënten met een Killip klasse 1 bleek ook 

na 3 jaar nog aanwezig te zijn. 

In Hoofdstuk 3 wordt een overzicht gegeven van alle studies naar het effect van glucose-

insuline(-kalium) infusie bij patiënten met een acuut MI. Van de 13 gepubliceerde 

onderzoeken laten 12 onderzoeken een gunstig effect zien op mortaliteit gedurende de 

eerste 30 dagen na opname. De meest gunstige resulaten zijn verkregen in onderzoeken 

waarin een hoge dosis GIK gebruikt werd en waarin GIK gecombineerd werd met een 

vorm van reperfusie. Omdat de onderzoeken verschillen in opzet is een definitieve 

conclusie omtrent het toevoegen van GIK aan de behandeling nog niet te trekken. 

 

In het tweede deel van dit proefschrift worden de resultaten van observationele studies 

beschreven, met betrekking op het vóórkomen van hyperglykemie en de morbiditeit en 

mortaliteit bij patiënten waarbij niet gestreeft is naar strikte glucose regulatie. 

Hoofdstuk 4.1, beschrijft de invloed van het glucose bij binnenkomst en de morbiditeit en 

mortaliteit bij patiënten met een MI die niet bekend met diabetes mellitus (DM). De 

onderzochte patiënten werden behandeld met streptokinase (thrombolyse) of primaire 

PCI. Een verhoogde glucose waarde bij binnenkomst blijkt onafhankelijk geassocieerd te 

zijn met een grotere infarctgrootte en een hogere mortaliteit. 

Hoofdstuk 4.2, beschrijft het effect van de glucose bij binnenkomst op de myocardiale 

perfusie bij patiënten met een MI behandeld met primaire PCI. Van 464 patiënten hadden 

93 patiënten (20%) hyperglykemie (glucose ≥11.0 mmol/L). Vergeleken met patiënten die 

geen hyperglykemie bij binnenkomst hadden, bleken zij vaker een verminderde 
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myocardiale blush (maat voor perfusie van het myocard) te hebben (26% versus 15%, 

P=0.02) en vaker een incomplete ST segment elevatie resolutie te hebben (59% versus 

39%, P=0.01). Bovendien was de mortaliteit in de groep van patiënten met een 

hyperglykemie bij binnenkomst hoger en was de reductie van de LVEF in deze groep 

groter. Dit effect werd zowel geobserveerd bij patiënten die wel en niet bekend met DM 

waren. Concluderend is hyperglykemie bij binnenkomst geassocieerd met een 

verminderde myocardiale reperfusie  en geassocieerd met een slechtere beloop. 

Hoofdstuk 4.3, is een reactie op een publicatie waarin geconcludeerd wordt dat 

hyperglykemie mogelijk samenhangt met een gestoorde microvasculaire functie na een 

acuut MI. De auteurs concludeerden dit naar aanleiding van een retrospectieve analyse bij 

146 patiënten.12 Hun hypothese dat acute hyperglykemie (hyperglykemie bij binnenkomst) 

geassocieerd is met het ‘no reflow’ fenomeen is intrigerend. Echter, het is heel goed 

mogelijk dat ‘no reflow’ niet alleen gerelateerd is aan acute hyperglykemie maar ook aan 

chronische hyperglykemie (een verhoogd HbA1c en/of DM). Nieuwe studies zullen het 

effect van hyperglykemie (acuut en chronisch) op het ‘no reflow’ fenomeen moeten 

vaststellen. 

Ondanks dat hyperglykemie bij binnenkomst een voorspeller is voor een minder gunstig 

beloop bij patiënten met een MI is de voorspellende waarde niet erg sterk. Persisterende 

hyperglykemie (een verhoogde glucose waarde gedurende de opname gedeeld door de 

factor tijd) is mogelijk een betere voorspeller. In Hoofdstuk 5.1, wordt de relatie 

beschreven tussen hyperglykemie bij binnenkomst, persisterende hyperglykemie en 

cardiale complicaties (fataal/niet fataal) op korte termijn bij patiënten met een MI 

behandeld met primaire PCI. Er werden 417 patiënten geïncludeerd, hiervan hadden 89 

patiënten (21.3%) een cardiale complicatie, waarvan 17 maal (4.1%) fataal. Voorspellers 

voor deze complicaties waren een oudere leeftijd, een cardiovasculaire aandoening in de 

voorgeschiedenis, een voorwandinfarct en meervatslijden. In een multivariate analyse is 

persisterende hyperglykemie maar niet hyperglykemie bij binnenkomst een onafhankelijke 

voorspeller voor deze complicaties. Persisterende hyperglykemie blijkt dus een betere 

voorspeller te zijn voor het optreden van cardiale complicatie vergeleken met 

hyperglykemie bij binnenkomst. 

In Hoofdstuk 5.2, wordt het begrip hyperglycemic index (HGI) geïntroduceerd. HGI is een 

objectieve maat voor persisterende hyperglykemie. Het beschrijft de area under the curve 

(AUC) boven een glucose van 6.0 mmol/L gedurende de gehele opname (mmol/L). In een 

retrospectieve studie op de chirurgisch Intensive Care  werd bij 1779 patiënten de HGI als 

glucoseparameter bepaald, met als uitkomstmaat mortaliteit na 30 dagen. Deze mortaliteit 

na 30 dagen was 17%. De mediane HGI was 0.9 mmol/L (0.3-2.1) bij patiënten die 

overleefden versus 1.7 (0.7-3.3) mmol/L bij patiënten die overleden (P<0.001). De area 

onder de receiver operator characteristic (ROC) curve was 0.64 voor HGI, vergeleken met 

0.61 and 0.62 voor andere glucoseparameters (gemiddelde ochtend glucose waarde en 
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de gemiddeld glucose tijdens de opname respectievelijk). HGI was de enige glucose 

parameter die een onafhankelijke voorspeller was voor de mortaliteit. Concluderend is 

HGI als maat voor persisterende hyperglykemie een betere voorspeller dan andere 

glucoseparameters. Naast de retrospectieve studie op de chirurgische Intensive Care, 

werd dit nogmaals bevestigd bij patiënten die werden opgenomen op de algemene 

Intensive Care (Hoofdstuk 5.3).  

Hoofdstuk 6 beschrijft het protocol van de GIPS-2. GIPS-2 is een multi-center onderzoek 

naar het effect van het GIK infuus bij ST segment elevatie MI patiënten, die in aanmerking 

komen voor reperfusie therapie echter zonder tekenen van hartfalen bij binnenkomst. In 

deze GIPS-2 zijn de resultaten en de bevindingen van dit proefschrift geïmplementeerd. 

Zo wordt gestreefd naar het voorkomen van hyperglykemie (streefwaarde serum glucose 

concentratie tussen de 6.0 mmol/L  en 10.0 mmol/L). 

 

In Hoofdstuk 7 wordt ten slotte beschreven dat toekomstig onderzoek de rol van 

scherpere glucoseregulatie tijdens myocardiale ischemie zou dienen uit te zoeken. Ten 

tijde van de GIPS-1 werd in een gerandomiseerd onderzoek op een chirurgische Intensive 

Care een (onverwacht) grote afname van complicaties en mortaliteit waargenomen door 

patiënten zeer scherp te reguleren.13 Het doel van de infusie van insuline was om de 

serum glucose concentratie tussen de 4.4 mmol/L en de 6.1 mmol/L te krijgen en 

vervolgens te houden. Na het verschijnen van deze resultaten zijn velen er toe overgegaan 

om bij ernstig zieke patiënten scherpere glucoseregulatie na te streven dan in de GIPS-1 

en 2. In de dagelijkse praktijk blijkt het niet eenvoudig om tot scherpere regulatie te 

komen. Bovendien zijn na het bovenbeschreven onderzoek meer resultaten beschikbaar 

gekomen waardoor het niet geheel duidelijk is welke mate van regulatie optimaal is. Van 

belang lijkt dat glucoseregulatie een vast onderdeel van de behandeling van ernstig zieke 

patiënten vormt. 

 

Met het beschikbare nieuwe bewijs uit zowel experimenteel en klinisch onderzoek lijkt niet 

het toedienen van glucose maar het toedienen van insuline met name van belang.14-18 

Recent schreef Opie dat de glucose hypothese misschien aangepast zou moeten worden 

in een insuline hypothese.19 Daar het toedienen van insuline het risico heeft van het 

optreden van een hypoglykemie en/of een hypokaliemie is het waarschijnlijk dat een 

combinatie van glucose, insuline en kalium gegeven zal moeten blijven worden. 

Onderzoeken zullen moeten aantonen of voor het beïnvloeden van het 

glucosemetabolisme tijdens myocardiale ischemie het noodzakelijk is om GIK toe te 

dienen in een tot nu toe gebruikelijke samenstelling. Op basis van de huidige resultaten 

zoals beschreven in dit proefschrift lijkt een rol voor GIK in de behandeling van patiënten 

met een acuut MI van belang. 
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