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Diabetes is a serious, frequent, and insidious morbidity and mortality risk factor in patients with coronary artery
disease. It has been shown that carbohydrate metabolism disorders are common in acute coronary syndromes (ACSs):
30–40% of patients have diabetes, 25–36% have an intolerance to carbohydrates, and only 30–40% have a normal
carbohydrate profile. Hyperglycemia occurring either in diabetic or nondiabetic patients is strongly associated with a
poor prognosis. It increases the extent of myocardial necrosis, and the risk of recurrence acute coronary syndrome and
hemodynamic complications, particularly heart failure and cardiogenic shock, reflecting the importance of optimal
management of glucose metabolism abnormalities. The objective of this article is to suggest a screening and
management guide for carbohydrate metabolism disorders during and in the immediate follow-up of ACS in diabetic
and nondiabetic patients. Screening must be systematic in any patient admitted for ACS, and based on hemoglobin A1c
and oral glucose tolerance testing. Treatment of hyperglycemia in the cardiology intensive care unit is recommended in
any patient admitted with hyperglycemia >1.80 g/L or postfeeding blood glucose level >1.40 g/L, and should be based
on intravenous insulin with concomitant infusion of glucose solution under strict monitoring. Once the patient is no
longer in intensive care, intravenous insulin therapy is no longer recommended, and the passage to a fixed insulin
therapy regimen or to oral antidiabetics should be considered in consultation with diabetologists. During the
rehabilitation phase, good glycemic control improves both prognosis and survival.
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1. Introduction

Diabetes mellitus is a metabolic disorder char-

acterized by chronic hyperglycemia result-
ing from a defect of secretion or action of
insulin, or a combination of both. We distinguish
two types. Type 2 is the most common (95%),
and is seen especially in individuals aged
>40 years; it is characterized by resistance to insu-
lin and/or insulin deficiency. Type 1 is less com-
mon, occurs at a young age and is characterized
by absolute insulin deficiency [1].
However, hyperglycemia during stress situa-

tions, especially during acute coronary syndrome
(ACS), may also be seen in nondiabetic patients.
Regardless of whether the patient has diabetes,
hyperglycemia is a predictive factor of survival
and occurrence of complications. Karetnikova
et al. [2] have demonstrated that there is a direct
linear relationship between hyperglycemia levels
and in-hospital mortality in patients admitted for
myocardial infarction (MI), and that hyper-
glycemia affects the short and long-term progno-
sis in patients with or without diabetes mellitus
[2]. Thus, good glycemic control may improve
prognosis, but so far, recommendations for the
management of glycemic disorders in the setting
of ACS are limited.
In this article, based on data from the literature,

we aim to clarify how to manage hyperglycemia
during and in the immediate follow-up of ACS.
2. Methodology

This review article is based on a literature search
over a period of 3 months, using Google Scholar,
PubMed, ScienceDirect, and Springer Link as
search engines. We combined the terms diabetes,
hyperglycemia, oral antidiabetics, and insulin
therapy to the terms acute coronary syndrome,
intensive care unit, and myocardial infarction as
either keywords or MeSH terms. The search was
limited to English and French articles. The
retrieved articles were reviewed for potentially
relevant studies and reviews.
3. Pathophysiology

The stress state caused by myocardial ischemia
leads to massive secretion of catecholamines, via
the sympathetic system and adrenal glands, which
increases blood glucose levels by stimulating hep-
atic glycogenolysis and gluconeogenesis, decreas-
ing peripheral glucose use and insulin sensitivity.
In addition, cytokines also play a major role in the
response to stress. Tumor necrosis factor,
interleukin-1 and interleukin-6 stimulate the
hypothalamus–pituitary axis to produce corti-
cotropin releasing hormone and adrenocorti-



Figure 1. Screening algorithm for carbohydrate metabolism disorders in patients with ACS. ACS = acute coronary syndrome; HbA1c = glycated
hemoglobin A1c; OGTT = oral glucose tolerance test.
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cotropic hormone that act directly on the adrenal
cortex to increase glucocorticoid synthesis, which
also increases blood glucose level [3].
Under normal conditions, the coronary flow

ensures a good supply of substrates and oxygen
to the myocardium that preferentially metabolizes
free fatty acids (70%) with a high energy yield
(each molecule of fatty acid produces 130 mole-
cules of adenosine triphosphate; ATP). In an
ischemic state, myocardial metabolism shifts
towards preferential anaerobic carbohydrate
usage. However, the energy yield of this pathway
is low since a molecule of glucose only produces
two molecules of ATP against 38 in the presence
of oxygen. To oppose this metabolic shift, the
myocardium develops resistance to insulin, which
may be another explanation for the hyperglycemia
observed in ACS [4].
In cases of myocardial ischemia, the elevated

plasma concentration of free fatty acids, particu-
larly nonesterified fatty acids, due to
catecholamine-induced lipolysis is deleterious.
They increase the risk of cardiac arrhythmia,
high blood pressure, and endothelial dysfunc-
tion [5]. Also, hyperglycemia increases the size
of the infarct by causing myocardial cell death
through apoptosis, and reducing collateral blood
flow [6,7].
4. Screening for glucose metabolism
abnormalities on admission for ACS

Stress hyperglycemia on admission after ACS is
common and is a powerful predictive factor in sur-
vival and occurrence of complications, which justi-
fies systematic blood glucose measuring at
admission. However, this glucose level is not con-
sidered a diagnostic tool for diabetes or intermedi-
ate hyperglycemia in nondiabetic patients, but
does lead to initiation of early treatment with
continuous infusion of insulin if blood glucose is
>180 mg/L [8,9].
According to the World Health Organization,

screening for glucose metabolism profile should
be based on the oral glucose tolerance test (OGTT)
and fasting plasma glucose (FPG) [10]. Glycated
hemoglobin A1c (HbA1c) allows us to assess gly-
cemic profile. Diagnosis of diabetes is suggested
if HbA1c is �6.5%, yet HbA1c <6.5% does not
exclude the diagnosis and should prompt an
OGTT in patients at high risk of carbohydrate
metabolism disorders [1].
During stress, especially during the early phase

of ACS, FPG has no place in the screening and
classification of glucose tolerance [11], while
OGTT is recommended for screening, provided
it is done after patient stabilization (between
7 days and 28 days after ACS) [8,11]. This is
because an OGTT carried out early during the
acute phase of MI does not reliably reflect long-
term metabolic profile [12]. Theoretically, HbA1c
is interesting because it provides information
about the carbohydrate metabolism profile in the
last 2–3 months, therefore, the results are not
influenced by stress. After ACS, HbA1c �6.5%
has a positive predictive value of 100% for predict-
ing an OGTT >2 g/L [13]. Thus, HbA1c can be
used instead of OGTT for diagnosis of diabetes
after ACS.
All patients admitted for ACS who are not

known to have diabetes should undergo system-
atic screening for diabetes [9]. This screening can
be done on admission by measuring HbA1c. If
HbA1c is �6.5%, the patient may be considered
to have diabetes, but HbA1c <6.5% does not
exclude diagnosis of diabetes mellitus, and an
OGTT should be performed after stabilization
for complete evaluation of glucose metabolism
(Fig. 1).



Table 1. Summary of selected randomized trials evaluating insulin infusion effect on major cardiovascular events in patients
admitted for acute coronary syndrome.

Study DIGAMI [16] ECLA [46] GIPS [47] POL-GIK [17] HI-5 [48]

No. of patients 620 407 940 954 240
Dose (U/h) 5 1.4/5.2 5 1.3? 0.8 2
Insulin perfusion duration (h) 24–72 24 24 24 24
Glucose level target (g/dL) 1.26–1.80 1.26–1.98 1.26–1.98 <3 0.72–1.80
Results ;Mortality ;Mortality ;Mortality "Mortality "Mortality

Table 3. Insulin dose according to monitored blood glucose level
during hospitalization in intensive care unit.

Blood glucose level Insulin dose

<0.8 g/L (4.4 mmol/L) Stop insulin
0.80–1.40 g/L (4.4–7.8 mmol/L) Lowered by 0.5 U/h
1.40–1.80 g/L (7.8–10 mmol/L) Unchanged
1.80–3.0 g/L (10.0–16.6 mmol/L) Elevated by 1 U/h
>3 g/L (16.6 mmol/L) Elevated by 1.5 U/h
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Table 4. Particularity of patients older than 75 years.

Blood glucose level Insulin dose

<0.8 g/L (4.4 mmol/L) Stop insulin
0.80–1.40 g/L (4.4–7.8 mmol/L) Stop insulin
1.40–1.80 g/L (7.8–10.0 mmol/L) Unchanged
1.80–3.0 g/L (10.0–16.6 mmol/L) Elevated by 0.5 U/h
>3 g/L (16.6 mmol/L) Elevated by 1 U/h
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5. Management of hyperglycemia/
hypoglycemia in cardiac intensive care units

Several studies have determined target blood
glucose levels. A randomized controlled trial per-
formed in intensive care units (ICUs) of Leuven
University Hospital, demonstrated that intensive
insulin therapy (glycemia level 0.8–0.11 g/L in
adults) reduced morbidity and mortality com-
pared to conventional therapy (insulin adminis-
tered when the blood glucose level exceeded
2,15 g/L, with the infusion tapered when the level
fell below 1,80 g/L). [14]. However, The Normo-
glycemia in Intensive Care Evaluation-Survival
Using Glucose Algorithm Regulation (NICE-
SUGAR) study [15], one of the largest interna-
tional randomized trials, found that intensive
glucose control increased mortality among adults
in the ICU. A blood glucose target of 1.40–1.80 g/L
resulted in lower mortality versus a target of
0.81–1.08 g/L (the mortality of the group with
blood glucose target of 1.40–1.80 g/L 751/3012 vs.
the mortalitry of the group with intensive glucose
control 829/3010, p = 0.02) [15]. The above studies
included patients in the ICU (with or without
ACS). Other studies have addressed the question
only in ACS patients (Table 1). They have shown
that, regardless of the insulin therapy protocol
used, control of blood sugar level to between
1.26 g/L and 1.80 g/L was associated with a signif-
icant reduction in mortality in the acute phase,
and at 3 months, 1 year, and even at 3 years after
ACS [16]. Stricter control for lower glycemic levels
(<1.40 g/L) was associated with increased mortal-
ity and risk of hypoglycemia, which exposed the
patients to seizures, brain damage, depression,
and arrhythmias. If strict control is dangerous,
hyperglycemia >2 g/L is also associated with a sig-
nificant increase in mortality [17]. Based on the
Table 2. Initial dose of insulin therapy in intensive care unit
according to glycemia at admission.

Admission blood glucose level Insulin dose

1.80–3.0 g/L (10–16.6 mmol/L) 2 U/h
3.0–4.0 g/L (16.6–22.2 mmol/L) 3 U/h
>4 g/L (22.2 mmol/L) 4 U/h
results of randomized studies, it seems reasonable
to aim for glycemic levels between 1.40 g/L and
1.80 g/L. This agrees with the recommendations
of the European Society of Cardiology that state
that the treatment of hyperglycemia should avoid
both excessive hyperglycemia (>1.80–2.0 g/L) and
hypoglycemia (<0.90 g/L) during the acute phase
of ACS [18].
Regarding the treatment protocol that could

optimize blood glucose control, one study has
compared 12 different insulin infusion protocols
used in medical and surgical ICUs, but the results
have not established the superiority of any of the
protocols [19]. This explains the lack of consensus
in this regard, but most scientific societies agree
about the need for intravenous insulin therapy
with concomitant infusion of glucose solution to
target a blood glucose level of 1.40–1.80 g/L
[8,18]. Glucose–insulin–potassium infusions were
found to be of no value and potentially harmful
in a combined analysis of two large randomized
trials [18,20].
The lack of consensus has led the Diabetes and

Cardiovascular Disease Study Group of the Fran-
cophone Diabetes Society, in cooperation with the
French Society of Cardiology to propose a protocol
of intravenous insulin therapy within the ICU.



Figure 2. Management algorithm for hyperglycemia in cardiology intensive care units.
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The protocol uses insulin analogs (50 U diluted in
50 mL 5% glucose solution) with concomitant infu-
sion of 5% glucose solution so that the patient
receives a total of 150 g/day carbohydrate. The ini-
tial dose of insulin therapy depends on blood glu-
cose level at admission (Table 2). This dose is
adjusted to the level of blood glucose monitored
1 hour after initiation, then every 2 hours (Table 3).
In patients older than 75 years, the insulin dose
can be adapted to blood glucose level as follows
(due to the risk of hypoglycemia) (Table 4).
If the patient eats, a preprandial rapid insulin

bolus of 4 U is administered subcutaneously.
Thereafter, the dose of this bolus is adapted
according to the postprandial glucose level. In
cases of mild hypoglycemia (blood glucose
<0.80 g/L), insulin infusion is stopped, followed
by oral administration of 15 g sugar with glucose
monitoring every 30 minutes. Insulin infusion is
restarted when blood glucose is >1.40 g/L, at half
the previous infusion rate. In cases of severe
hypoglycemia (blood glucose <0.40 g/L), insulin
infusion is stopped immediately, followed by
intravenous administration of 30% glucose solu-
tion. In the following special case, if a known dia-
betic patient is treated with insulin and has an
admission blood glucose <1.80 g/L and/or
preprandial blood glucose <1.40 g/L during hospi-
talization in the ICU, the insulin regimen used
before hospitalization can be continued. In these
patients, blood glucose should be monitored
before and 2 hours after each meal, and at bed-
time (Fig. 2). All other antidiabetic treatment
should be interrupted during hospitalization in
the ICU. Whether the patient has diabetes or
not, glucose level �1.80 g/dL should lead to intra-
venous insulin therapy as soon as the patient is
admitted to the ICU (Fig. 2).
Management of hyperglycemia during
hospitalization in the cardiology inpatient
unit

After hospitalization in the ICU, insulin therapy
is no longer recommended in all patients, and
other therapeutic measures should be considered.
It is recommended, depending on the metabolic
profile and glycemic control of the patient, to switch
to a fixed insulin regimen or an oral antidiabetic.

5.1. Oral antidiabetics

5.1.1. Metformin
Metformin is an insulin-sensitizing drug,

belonging to the biguanide family, which reduces
the level of glucose in the blood primarily by
decreasing hepatic glucose production by inhibiting
gluconeogenesis and hepatic glycogenolysis [21].



R
EV

IEW
 A

RTIC
LE

118 EL OUAZZANI ET AL
MANAGEMENT OF HYPERGLYCEMIA

J Saudi Heart Assoc
2018;30:113–121
In ACS, scientific societies agree that metformin
is not contraindicated during hospitalization in a
post-ICU [8]. Regarding the risk of lactic acidosis
associated with metformin use, a study published
in the Cochrane Collaboration has demonstrated
that there is no evidence from prospective com-
parative trials or observational cohort studies that,
compared with other antidiabetic agents, met-
formin is associated with an increased risk of lactic
acidosis or increased lactate level in the blood [22].
In the Reduction of Atherothrombosis for
Continued Health (REACH) registry, a significant
reduction in 2-year mortality was observed with
metformin in patients with type 2 diabetes and a
history of cardiovascular disease [adjusted hazard
ratio: 0.76 (0.65–0.89); p < 0.001] [23]. Based on
safety, tolerance, low risk of hypoglycemia, and
low cost of the drug, as well as randomized clinical
trials that have shown a reduction in cardiovascu-
lar mortality compared to that with other oral
antidiabetics, metformin should be the first-line
oral antidiabetic to be considered in type 2 dia-
betes, in the absence of contraindications and
intolerance [24].
5.1.2. Sulfonylureas
The sulfonylureas are the oldest oral hypo-

glycemic drugs and have been used since 1950.
They are insulin-secreting molecules that act by
inhibiting potassium ATP-dependent channels
(KATP channels) of pancreatic beta cells, which
induces closure of these channels, and therefore,
rapid cell depolarization and insulin secretion
through Ca2+ cell penetration. Therefore, the
blood glucose-lowering efficacy of these mole-
cules depends on the residual capacity of the pan-
creas to secrete insulin.
However, the isoform units of the KATP channel

are also found in blood vessels and myocardial
cells whose activation causes initially a decrease
in contractility of cardiomyocytes, then coronary
vasodilatation that protects the myocardium from
ischemia and reduces the extent of myocardial
necrosis. This protective phenomenon is called
ischemic preconditioning. Sulfonylureas, with rel-
ative specificity towards pancreatic beta cells, can
inhibit this protective reaction [25].
In animal models of MI, it has been shown that

activation of KATP channels reduces infarct size
[26]. In humans, it has been observed that treating
patients intensively with first-generation sulfon-
amides and glibenclamide is associated with a
high mortality rate linked to MI [27,28]. This
blocking effect could be a possible explanation.
However, there has been no observed increase
in mortality or congestive heart failure incidence
in patients receiving sulfonamides selective for
pancreatic cells, especially gliclazide and glime-
piride [28].
Furthermore, sulfonylurea usage is associated

with the risk of hypoglycemia, both severe and
non-severe [29], which reduces well-being and
quality of life by increasing anxiety and fear of
repeated events, and exposes the patient to brain
damage and arrhythmias [30,31].
For all these reasons, the first-generation sulfon-

amides and glibenclamide should not be used
after ACS [8].
5.1.3. Gliflozins
The EMPA-REG OUTCOME study has shown

that empagliflozin decreased significantly cardio-
vascular mortality (3.7% vs. 5.9% in the placebo
group; 38% relative risk reduction) and hospital-
ization for heart failure (2.7% vs. 4.1% in the pla-
cebo group; 35% relative risk reduction), without
impact on the incidence of myocardial infarction
or stroke [32].
5.1.4. Incretin-based therapies
Glucagon-like peptide-1 receptor agonists are

associated with a significant decrease in the risk
of major cardiovascular events, when they are
compared with placebo [33]. Their long-term car-
diovascular safety and potential to prevent cardio-
vascular disease in type 2 diabetes patients with
high cardiovascular risk appear promising, but
remain uncertain in patients with a low cardiovas-
cular risk [34]. In contrast, the ELIXA study
showed that the addition of lixisenatide to usual
care did not significantly alter the rate of major
cardiovascular or other serious adverse events in
patients with type 2 diabetes who had had an MI
or had been hospitalized for unstable angina
within the previous 180 days [35]. Thus the safety
of glucagon-like peptide-1 receptor agonists in
patients with high cardiovascular risk.
Cardiovascular safety of dipeptidyl peptidase- 4

inhibitors following ACS, particularly alogliptin,
has been demonstrated since the large prospec-
tive study (EXAMINE) showing noninferiority
versus placebo in terms of major adverse cardio-
vascular events in type 2 diabetic patients who
presented with acute MI or unstable angina
requiring hospitalization within the previous 15–
90 days [36].
5.1.5. Other oral antidiabetics
For other oral antidiabetics, according to the Heart

and Diabetes Study Group, the Francophone
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Diabetes Society in collaboration with the French
Society of Cardiology [8] recommend the follow-
ing: glinides are not contraindicated after ACS;
acarbose can be used after ACS when needed,
depending on the patient’s metabolic phenotype
(predominant postprandial hyperglycemia); and
pioglitazone is not contraindicated after ACS
unless there is congestive heart failure or left
ventricular ejection fraction <45%.

5.2. Fixed protocol of insulin
After transfer to the cardiology inpatient unit,

continuous infusion of insulin must be stopped
and switching to a subcutaneous insulin-based
protocol should be considered. In this context,
Avanzini et al. [37] have proposed a protocol that
has proven its efficacy and safety in diabetic and
nondiabetic patients with hyperglycemia and
ACS, which consists of:
(1) calculating the number of insulin units

infused during the last 12 hours to obtain the
average hourly infused insulin and multiply by
24 to obtain the required daily dose of insulin;
(2) dividing the 24-hour dose of insulin into two
parts: the first to be administrated in the form of
rapid-acting insulin analog, and the second as a
long-acting insulin analog; (3) long-acting insulin
analog administrated subcutaneously 2 hours
before the first meal after stopping insulin
infusion; (4) daily dose of insulin should be split
into three: 20% at breakfast, 40% at lunch, and
40% at dinner.
6. Management of diabetes during the
rehabilitation phase

During the rehabilitation phase, many studies
have proved the benefits of physical activity on
glycemic control. It is estimated that physical
activity can reduce the rate of HbA1c by 0.6%
compared to its initial value, and could therefore
help reduce diabetic complications [38].
Regular physical exercise also improves glucose

tolerance and lowers insulin resistance, thus
delaying the onset of type 2 diabetes in patients
with intermediate hyperglycemia [39]. In addition
to its beneficial effect on weight reduction, exer-
cise helps control blood pressure, promotes psy-
chological well-being, and reduces the incidence
of depression, which is common in diabetic
patients with coronary artery disease, and
improves quality scores as well as treatment
adherence [40].
Peak exercise capacity (assessed as peak oxygen

uptake; peak VO2) measured in metabolic
equivalents is an important prognostic factor. A
gain in VO2 peak after cardiac rehabilitation is
associated with reduced mortality and morbidity
[41,42]. The DARE study has demonstrated that,
in type 2 diabetes, good glycemic control during
cardiac rehabilitation following ACS is an inde-
pendent factor associated with a gain in peak
VO2 (3.5 ± 2.4 vs. 1.7 ± 2.4 mL/kg/min, p = 0.014)
[43]. This emphasizes the need for good glycemic
control during cardiac rehabilitation in type 2
diabetic patients.
Blood glucose should be monitored prior to

exercise in all diabetic patients, at the end, and
4–6 hours after the exercise session in patients
treated with insulin. If blood sugar prior to exer-
cise is >2.5 g/L, ketonuria should be investigated,
if it is negative and the patient is properly
hydrated, exercise can be performed with caution
(control of capillary glycemia must be performed
every hour during the session) [8].
7. When should a diabetic patient be referred
to a diabetologist?

Hospitalization for an ACS is an opportunity to
optimize diabetes treatment and patient educa-
tion [44]. Furthermore, it has been shown that
involving a diabetologist in the management of
patients hospitalized for conditions other than
diabetes could reduce significantly the average
hospitalization duration of 8.2 days to 5.5 days [45].
During hospitalization in the ICU, treatment of

hyperglycemia in patients requiring insulin ther-
apy should be delivered by an experienced team,
including a diabetologist [8].
Before hospital discharge, transfer to a diabetes/

endocrinology service is indicated in cases of
unknown diabetes with HbA1c �6.5%, in cases
of poorly controlled diabetes with HbA1c �8%, if
insulin therapy is newly introduced, or if serious
and/or repeated hypoglycemia occurs [8].
Throughout the rehabilitation phase, a diabetol-

ogist should be involved if diabetes is uncon-
trolled with significant hyperglycemia or in the
case of serious or repeated hypoglycemia [8].
8. Conclusion

Given the frequency and poor prognosis of
hyperglycemia during ACS, clear management
recommendations are necessary. The data pub-
lished so far have shown that overly strict glyce-
mic targets should be banned. The use of
continuous infusion of IV insulin is recommended
during hospitalization in an ICU if admission
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blood glucose exceeds 1.8 g/L, with a target
between 1.4 g/L and 1.8 g/L. Close collaboration
between diabetologists and cardiologists is crucial
to better management of these patients.
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