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Abstract 

Despite the studies verified by the World Health Organization on regulating the blood level in 

patients with acute sedentary insufficiency with type 2 diabetes mellitus, the optimal method for 

regulating the blood level in these patients has not been worked out. The state of research and 

optimization of elevated blood sugar levels in diabetic patients with acute heart failure and 

adequate results. 
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Introduction 

The risk of cardiovascular diseases (CVD) and mortality from them in diabetes is 2-5 times higher 

than in the population [2,15,16,57]. Among patients with acute myocardial infarction complicated 

by heart failure (AHF), the proportion of patients with type 2 diabetes, according to the most 

conservative estimates, is 20-25% [40], and the number of patients with unimpaired carbohydrate 

metabolism is less than half [40]. These data from the European Heart Survey were fully confirmed 

by a similar study conducted in China, which found only 35.8% of patients with normal glucose 

metabolism [1]. Hyperglycemia is the most characteristic manifestation of diabetes, the 

importance of which as a risk factor for CVD has been shown in many studies [3,13,64,60]. The 

role of this potentially controllable factor in the acute period of myocardial infarction complicated 

by AHF naturally attracts the closest attention. 

Bolk et al. [4,7], based on 336 patients, established a relationship between blood glucose levels on 

admission and mortality from AHF, regardless of the presence of previously diagnosed diabetes. 

Patients were divided into 4 groups according to blood glucose levels I: <5.6 mmol/l, I: 5;6 - 8.3 

mmol/l, III: 8.4 - 11.0 mmol/l, IV: 11 .1 mmol/l. The average age of patients was 68±11 years, 

34% of patients were diagnosed with anterior AMI. The follow-up period was 14.2 months. The 

1-year mortality rate was 19.3% for patients with blood glucose levels less than 5.6 mmol/L and 

44% for patients with blood glucose levels >11 mmol/L. Thus, mortality within a year was higher 

in patients with higher glycemic levels (p < 0.05). 

In 2000, Capes et al. [25] showed the relationship between blood glucose levels on admission, 

mortality and the development of AHF in patients with MI, both with and without diabetes. The 

average age of patients included in the study was 50 - 68 years. Researchers have proven a positive 

correlation between hyperglycemia in the acute period of myocardial infarction complicated by 
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AHF and mortality as a result of AHF. In patients without concomitant type 2 diabetes with a 

glucose level > 6.1 mmol/l, the relative risk of mortality was significantly increased (relative risk 

3.9; 2.9-5.4) than in patients without diabetes and hyperglycemia. In patients with proven diabetes 

and glucose levels >10 mmol/l, the risk of death was higher (1.7; 1.2-2.4) c. compared with patients 

with diabetes but without hyperglycemia on admission. Patients with type 2 diabetes had an 

increased risk of developing heart failure and cardiogenic shock. 

The REGICOR cohort study conducted in Spain [5,23] examined 28-day mortality in 662 

consecutive patients with AHF admitted to the Gerona Hospital. Of these, 195 (29.7%) had 

previously established diabetes, but hyperglycemia above 6.67 mmol/l upon admission was noted 

only in 69% of patients. This level of glycemia was associated with an increased risk of 28-day 

mortality after a complicated MI, which was statistically significant for individuals with newly 

diagnosed diabetes. At the same time, previously diagnosed diabetes was an independent risk 

factor for 28-day mortality. 

A prospective study of  2127 patients with acute coronary syndrome [6,39] also showed that the 

risk of early development of left ventricular failure and death from cardiovascular causes during 

hospitalization depended on blood glucose levels on admission. Thus, in patients with a glycemic 

level of less than 5.8 mmol/l, the risk of left ventricular failure is 6.4%, for patients with a blood 

sugar level > 10 mmol/l - 25.2%; the risk of death from cardiovascular causes is 0.7 and 6.1%, 

respectively, with a high degree of statistical significance in both cases. 

In Wahab NN., et al. [8,46] analyzed the medical records of 1664 consecutively hospitalized 

patients from the MI registry. Patients were stratified by history of diabetes (yes, no) and 

hyperglycemia >11 mmol/L (yes, no). According to the results of the study, it was established that 

earlier development of AHF was significantly more often observed with hyperglycemia of 11 

mmol/l, both among patients with a history of diabetes and without it. A significant increase in 

mortality was found at higher glycemic levels, however, only among patients who did not have a 

history of diabetes. The fact that for patients with previously unknown diabetes, hyperglycemia is 

a more significant predictor of poor short-term prognosis than for patients with previously known 

diabetes was confirmed in a more recent study [9,38]. 

Naturally, the data obtained cannot be interpreted in such a way that patients with diabetes with a 

long course have a better prognosis. A special study showed that the survival rate of patients with 

long-term diabetes and various forms of coronary artery disease is lower than that of patients; in 

whom hyperglycemia was first detected during the acute period of myocardial infarction [10,53]. 

The worse prognosis for patients with MI in combination with both newly diagnosed and 

previously diagnosed diabetes was confirmed in the large VALIANT study [48]. Thus, the point 

is that hyperglycemia itself is a predictor of poor prognosis in patients in the acute period of 

myocardial infarction, which is especially obvious with a short duration of diabetes, when other 

cardiac risk factors (nephropathy, etc.) have not yet formed. 

In 2003, the PAMI (Primary Angioplasty in Myocardial Infarction) study was conducted, which 

involved 3362 patients. Patients with MI underwent primary angioplasty. Factors influencing the 

results of the procedure were assessed. It turned out that hyperglycemia on admission was the most 

influential risk factor in deteriorating blood flow and delaying the recovery of left ventricular 

myocardial contractility, even despite successful angioplasty [11,31]. 

In a study from Japan, Kosuge et al demonstrated the effect of different glucose levels on left 

ventricular function in patients with anterior myocardial infarction and thrombolysis. The study 
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included 210 patients. 142 patients had blood glucose levels greater than 8.9 mmol/L on admission, 

of which 49% of patients still had high blood glucose levels above 8.9 mmol/L at 48 hours. A 

multivariate analysis showed that it is precisely in patients with long-term hyperglycemia that 

more pronounced disturbances in the functioning of the LV myocardium develop, which is 

expressed by a lower ejection fraction before discharge, p = 0.001 [13]. 

In a study from the Netherlands, patients undergoing acute MI underwent percutaneous balloon 

coronary angioplasty. The effect of hyperglycemia on the occurrence of study endpoints, which 

were considered death, recurrent myocardial infarction, and AHF with LV ejection fraction less 

than 30%, was studied. A similar outcome occurred in 89 (21%) of 417 patients, and death 

occurred in 4% of patients. It turned out that the occurrence of study end points was observed 

significantly more often in patients with an average glucose level on admission of 10.1 ± 3.7 

mmol/l than in patients with a glycemic level of 9.1 ± 2.7 (p < 0.0001) . It has been proven that 

with a mean 48-hour glycemia level of 9 ± 2.8 mmol/L, study endpoints occur more often than 

with glycemia of 8.1 ± 2 mmol/L (p < 0.001), [12,14]. 

The pathogenetic role of acute hyperglycemia is explained in many clinical and experimental 

studies. The negative impact of acute hyperglycemia on the cardiovascular system is manifested 

in a violation of ischemic preconditioning, which is a protective mechanism during ischemic 

damage. In the case of myocardial infarction, this leads to an increase in its size [36]. In severe 

hyperglycemia, a reduction in collateral coronary blood flow has been demonstrated [17,41]. 

Acute hyperglycemia can cause the induction of cardiomyocyte apoptosis [26,37], or the death of 

cardiomyocytes as a result of excessive damage caused by ischemia and reperfusion [28,59]. 

The effects of acute hyperglycemia may include changes in blood pressure, increased 

catecholamine levels, coagulation disorders, and electrophysiological changes. Thus, in a study 

conducted in Italy, Marfella et al. [32,55] revealed the hemodynamic effects of acute 

hyperglycemia in patients with type 2 diabetes. The study included 20 patients with newly 

diagnosed type 2 diabetes, without complications. It was proven that acute hyperglycemia, 

maintained for 2 hours at a level of 18 mmol/l, caused a significant increase in systolic blood 

pressure in patients from 115.5 ± 9.1 to 120.3 ± 8.2 mmHg, ( p < 0.01) and diastolic blood pressure 

from 70.3 ± 7.8 to 79.7 ± 5.3 mmHg, (p < 0.01), an increase in heart rate from 75.2 ± 7.8 to 80.8 

± 5.4 beats/min, (p < 0.01) and an increase in plasma catecholamine levels (p < 0.05). 

The same researchers proved that acute hyperglycemia causes QT segment prolongation, which in 

turn increases the risk of coronary heart disease and sudden death. They induced acute 

hyperglycemia - 15 mmol/l and maintained it for 2 hours in 20 healthy men (10 people) and women 

(10 people), which caused a significant increase in systolic and diastolic blood pressure, an 

increase in heart rate, prolongation of the QT segment, prolongation of the PR interval and increase 

in catecholamine levels (p<0.05) [27,34]. Other studies have shown a relationship between acute 

hyperglycemia and increased blood viscosity, increased blood pressure [47,50] and increased 

levels of atrial natriuretic peptide [11,52]. 

 

Glycemic control in the acute period of myocardial infarction 

Accumulated data from epidemiological, experimental and clinical studies have clearly shown the 

association of high hyperglycemia on admission and an unfavorable prognosis for myocardial 

infarction, and have put the problem of glycemic control in the acute period of this disease on the 

agenda. The birth of a metabolic approach to the treatment of IHD is traditionally associated with 
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a glucose-insulin-potassium mixture (GIC). Sodi-Pallares, in 1962, for the first time, in a small 

non-randomized study, showed that GIK has a positive effect on ECG dynamics in the acute period 

of myocardial infarction complicated by AHF, and improves early survival [24,58]. 

Subsequent studies have had conflicting results, many with poor designs. In particular, in a number 

of studies, GIK therapy began 48 hours after the onset of an anginal attack. [49,54]. 

However, Rackley et al. showed in a randomized trial that administration of GIK within an average 

of 2.5 days after the onset of MI resulted in a reduction in mortality [51]. A 30% glucose solution 

containing 50 units of insulin and 80 Meq of potassium chloride per liter was used. According to 

a meta-analysis of 9 studies (n=1932), in which GIK was used in the first 48 hours after the onset 

of AHF, in-hospital mortality was reduced by 28% (p=0.004%) [38,56]. 

Of interest are the data from a small study conducted exclusively using continuous insulin infusion, 

with the exception of glucose infusions. Patients (33 people) with acute MI and type 2 diabetes 

were divided into two groups: in one, patients received only tablets, in the other, a continuous 

infusion of insulin to maintain the target level of 4-7 mmol/l. researchers proved a reduction in 

mortality in the intensive care group in the first year by 42%, in the second - by 17%, p < 0.05 

[60]. 

Currently, studies are of interest where GIK was used against the background of thrombolytic 

therapy (TLT) or primary balloon angioplasty [40,56]. Convincing evidence of the positive effect 

of GIK during reperfusion therapy was obtained based on the results of a large prospective 

randomized trial, ECLA (Estudios Cardiologicos Latinoamerica) [13]. The reduction in hospital 

mortality in the group receiving GIK was 66% (p=0.008). 

It is noteworthy that in patients who did not receive reperfusion therapy, the therapy did not affect 

the mortality rate. 

One of the most famous studies using intensive glycemic control using insulin in patients with 

AHF was Diabetes Insulin-Glucose in Acute Myocardial Infarction - DIGAMI [18]. It was carried 

out by the cardiology departments of nineteen hospitals in Sweden from 1990 to 1995. The study 

included 620 patients with MI that developed in the previous 24 hours and with a blood glucose 

level >11 mmol/l. Patients were randomized into two groups. In the first, patients (n=306) received 

intravenous infusions of insulin and 5% glucose for at least 24 hours, followed by subcutaneous 

insulin injections 4 times a day for 3 months. In the second, control (n=314), patients received 

traditional treatment accepted in this hospital. In addition to glucose-lowering therapy, both groups 

received the same treatment for MI in accordance with accepted standards. Basal blood glucose 

levels in both groups did not differ and were 15.4±4.1 mmol/l in the intensive insulin therapy 

group, and 15.7±4.2 mmol/l in the comparison group. Blood glucose levels decreased in the first 

24 hours in the intensive insulin therapy group to 9.6 ± 3.3 mmol/l in the traditional therapy group 

11.7 ± 4.1 mmol/l (p <0.001). 

The results of DIGAMI were impressive: the proportion of deaths by the end of the 1st year after 

MI in the group of patients receiving insulin infusion was 18.6%, and in the control group - 26.1%, 

thus a 29% reduction in mortality was recorded in group of intensive insulin therapy (p = 0.027). 

A particularly significant reduction in patient mortality was found in the group of low-risk patients 

who did not receive insulin before the onset of MI. In these patients, hospital mortality rates 

decreased by 58% (p<0.05), and the number of deaths during the year decreased by 52% (p<0.02) 

compared with the control group, which included similar patients [45] . 
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Further follow-up (average 3.4 years) showed that these differences persisted [29]. When 

interpreting these promising results, it was unclear which component of insulin therapy provided 

them: insulin infusion in the acute period of MI or insulin therapy subsequently, after discharge 

from the hospital. 

These issues were addressed in the even larger and international study DIGAMI 2 [35]. It was 

conducted in 44 centers in the Scandinavian countries and the UK and included 1253 patients with 

type 2 diabetes and glucose levels >11.0 mmol/l hospitalized for MI. Three strategies were 

compared in the treatment of patients suffering from type 2 diabetes in the acute period of 

myocardial infarction. The first group (n=474) received infusions of insulin and glucose and, over 

the next 3 months, subcutaneous injections of insulin. The second group (n = 473) also received a 

24-hour continuous infusion of a glucose-insulin mixture; further control tactics were determined 

by the attending physician. The third group (n = 306) received traditional treatment accepted in 

this institution. The average follow-up time for patients was 2.1 years (1.03-3.00). 

The results of DIGAMI 2 did not confirm the data obtained in the first DIGAMI: hospital mortality 

and survival within a year after MI did not differ in all three groups of patients. Mortality in the 

first and second groups was 23.4% versus 22.6% (p = 0.8), there were no differences in deaths 

between the second and third groups - 22.6% versus 19.3 (p = 0. 2), there were no differences in 

the occurrence of recurrent MI and strokes. 

The results of DIGAMI 2 destroyed certain ideas about the effectiveness of insulin itself and the 

glucose-insulin mixture in improving the prognosis after MI in patients with diabetes. In many 

ways, these hopes were associated with the renaissance of the glucose-insulin-potassium mixture 

(GIK) in the treatment of MI and reperfusion syndrome [22,30]. GIK is attributed to the role of a 

metabolic protector of cardiomyocytes, primarily by suppressing the increased concentration of 

free fatty acids caused by hypercatecholaminemia and increased myocardial oxygen demand. 

Clinical studies on the use of GIK in patients with myocardial infarction, including patients with 

type 2 diabetes, have given ambiguous results [44], which is also observed for DIGAMI 1 and 

DIGAMI 2. However, the understanding that a glucose-insulin mixture or GIK is not a panacea, 

gives no reason to doubt the epidemiological data on the connection between glucose levels and 

the prognosis of patients with AMI and diabetes, transferring the question to the plane of how to 

achieve such control [46]. 

These findings were confirmed in the Australian study - The Hyperglycemia: Intensive Insulin 

Infusion In Infarction - HI-5 study [29]. It started in 2001 and ended 3.5 years later. The study 

involved 240 patients, 116 patients suffered from type 2 diabetes. The purpose of this study was 

to examine the effect of improved glycemic control achieved by varying insulin infusion rates on 

survival in patients with hyperglycemia during the acute phase of myocardial infarction. Patients 

in the acute period of myocardial infarction were divided into 2 groups: receiving insulin for at 

least 24 hours until glucose levels reached <10 mmol/l or conventional therapy. It was found that 

insulin infusion did not affect mortality (4.8 and 3.5%, p = 0.75), as well as mortality after three 

(7.1 and 4.4%, p = 0.42) and six months (7.9 vs 6.1%, p = 0.62) However, in the intensive insulin 

therapy group there was a lower incidence of AHF (12.7 vs 22.8%, p = 0.04) and cases of recurrent 

AMI over the next 3 months (2.4 and 6.1%, p = 0.05). When analyzing glucose levels achieved 

within 24 hours, it was found that mortality in patients with glucose levels < 8 mmol/L compared 

with the group > 8 mmol/L (2 vs 11% after 6 months, p = 0.02) was smaller. 
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In summary, three large studies aimed at strict glycemic control in patients with diabetes in the 

initial period of AMI, and using infusions of an insulin-glucose mixture, gave conflicting results 

regarding the reduction in the proportion of deaths during the first year of follow-up. Naturally, 

these results caused a lively discussion. First of all, attention is drawn to the differences in study 

design [31,44,53]. In particular, DIGAMI 2 did not include patients with type 1 diabetes and, 

unlike the first DIGAMI, there was no restriction on the level of glycemia on admission > 11 

mmol/l, which is why the initial glucose levels in patients included in the studies differed -15.5 ± 

4.5 mmol/l in DIGAMI 1 and 12.8 ± 4.5 mmol/l in DIGAMI 2 [55]. In the HI-5 study, insulin 

infusion was started later than in DIGAMI, after other therapeutic measures had been completed. 

According to the CREATE-ECLA study [24], it is known that infusion of GIK before reperfusion 

has a significantly greater effect, since it reduces reperfusion damage [20]. Therefore, one of the 

ways to increase the effectiveness of metabolic therapy is to administer it as early as possible. 

Due to the success of DIGAMI, the protocol used in this study, as well as in the DIGAMI 2 study 

[19], intended for use by coronary intensive care nurses, has become widely known. The infusion 

protocol and protocol tracking scale are presented below. 

Protocol for infusion of insulin - glucose mixture for use by nurses in intensive care units for 

coronary patients: 

- 80 units of short-acting insulin dissolved in 500 ml - 5% glucose and (1 unit of insulin in 6 ml of 

solution) 

- Start infusion at a rate of 30 ml/hour. Check glucose levels after 1 hour. Set the infusion rate 

according to the tracking scale. The target glycemic level is 7-10 mmol/l. Determine blood glucose 

levels one hour after changing the infusion rate or after 2 hours if there is no change. If the initial 

decrease in blood glucose level exceeds 30%, the infusion rate does not change, provided that the 

glycemic level exceeds 11 mmol/L. Reduce rate to 6 ml/hour if glycemic levels are close to target 

levels 

-If glucose levels are stable and <10.9 mmol/L, after 22 hours, reduce the infusion rate by 50%. 

Infusion protocol tracking scale 

Table 1 

Level 

glycemia 

Algorithm of actions 

>15 mmol/l Administer 8 units of short-acting insulin intravenously and 

increase the insulin delivery rate by 6 ml/hour 

11-14,9 mmol/l Increase infusion rate by 3 ml/hour 

7-10,9 mmol/l Leave the infusion rate unchanged 

4-6,9 mmol/l Reduce the injection rate by 6 ml/h 

<4 mmol/l Stop the infusion for 15 minutes, if hypoglycemia is symptomatic, 

administer 20 ml -30% glucose, then restore the infusion at a rate 

reduced by 6 ml/h 

 

An important advantage of this protocol is the relatively small amount of fluid infused, since the 

dangers of using large amounts of glucose have already been noted in other studies using GIK 

[43]. 
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However, this algorithm is not ideal. First, the selected target blood glucose level is 7-10 mmol/L, 

higher than the target levels that follow from the epidemiological studies cited above. But even 

these glycemic levels were not achieved in all patients. In the DIGAMI study, the average blood 

glucose level was 9.6 mmol/l; in the DIGAMI 2 study it was lower and amounted to 9.1 mmol/l. 

Secondly, cases of hypoglycemia were noted in the studies. In the DIGAMI study, patients in the 

continuous insulin infusion group experienced hypoglycemic conditions in 15% of cases. In the 

DIGAMI 2 study, blood glucose levels less than 3 mmol/l, both with and without symptoms, were 

observed in the first group in 12.7% of cases, in the second group in 9.6% of patients, in the third 

group only in 1% patients experienced hypoglycemia. 

In this regard, this treatment protocol cannot be considered safe, this is confirmed by a study 

conducted in Sweden, which included patients with diabetes and AHF, and proved that 

hypoglycemia during hospitalization, as well as hyperglycemia upon admission, are an 

independent risk factor for mortality within 2 years [21]. 

Thus, this algorithm for the treatment of patients with type 2 diabetes in the acute period of MI 

complicated by AHF cannot be considered ideal. And although the protocol we reviewed is not 

the only one [33], there is no reason to believe that successful methods and protocols have been 

found for the treatment of patients with AHF suffering from type 2 diabetes. 

 

Summary 

Numerous epidemiological studies indicate the widespread prevalence of the combination of type 

2 diabetes and AHF. Uncontrolled hyperglycemia in the acute period of MI, even when detected 

for the first time, is a significant predictor of the development of AHF and death after AMI. 

Although recent advances in cardiology have significantly improved survival in patients with 

AHF, patients with diabetes remain at increased risk of mortality. In this regard, patients with type 

2 diabetes require more intensive therapy and metabolic control. 

Despite the studies conducted, optimal algorithms for metabolic therapy in patients with acute 

heart failure have not been found. The question remains about the possibility of insulin therapy to 

improve the prognosis in patients with AHF and diabetes. The effect of strict control of blood 

glucose levels on the contractility of the left ventricular myocardium has not been studied, which 

dictates the need for additional studies aimed at studying the effect of glycemic control on the 

course and prognosis of AHF and will help optimize the treatment of patients in this category. 
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