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Article history: Patients with type 2 diabetes, but also older patients with type 1 diabetes, are at major risk of cardio-
Received 3 June 2024 vascular morbidity and death. After an acute cardiac event, the prognosis of patients with diabetes is
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glycaemia are deleterious after an acute cardiac event, and the decision to start intravenous insulin is
often challenging. Moreover, some antidiabetic treatments have cardioprotective effects, and the onset
of an acute cardiac event provides an opportunity to shift to these treatments. The objective of this posi-
tion statement is to offer practical tools to cardiologists seeking to improve the care of patients with
diabetes hospitalized for an acute cardiac event, and to optimize collaboration between cardiologists and
diabetologists. After a summary of the evidence for antidiabetic treatments in patients with acute cardiac
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events, we propose an algorithm to start and adapt intravenous insulin in the most severe patients, and
conclude with standard insulin protocols or oral treatments at discharge. We also discuss appropriate
antidiabetic treatment of these patients at discharge, based on the main cardiological diagnosis, kidney
function and antidiabetic strategies. Finally, situations in which the diabetologist must be consulted are

discussed.

© 2025 Elsevier Masson SAS. All rights are reserved, including those for text and data mining, Al training,

and similar technologies.

1. Background

Patients with type 2 diabetes (T2D), but also older patients with
type 1 diabetes (T1D), are at major risk of cardiovascular morbidity
and death. This increased cardiovascular risk is already present at
mildly elevated concentrations of blood glucose below the thresh-
old for diabetes [1,2]. The prevalence of diabetes or abnormal
glucose metabolism is very high in patients presenting with an
acute coronary syndrome (ACS) [3]. Indeed, among patients hos-
pitalized for an ACS, 30-40% have diabetes, 25-36% show impaired
fasting glucose or impaired glucose tolerance and only 30-40%
have normal glucose tolerance. Moreover, the prognosis after an
ACS-related event is worse in patients with diabetes [3,4]. Hyper-
glycaemia and hypoglycaemia could be deleterious in unstable
patients hospitalized in an intensive cardiac care unit (ICCU) [5].
Heart failure (HF) is also much more frequent; men show a 2-fold
increased risk of HF, and women a 4-fold increased risk [6]. Approx-
imately 24% of patients with HF overall and 40% of hospitalized
patients with HF have diabetes [7]. Diabetes is associated with a
high risk of HF, mainly with preserved ejection fraction or linked
to coronary artery disease (CAD) [8]. Thus, diabetes management
during and in the days following an acute cardiac disease event is
an important task. In 2012, the Société Francophone du Diabéte
(SFD; French-speaking Diabetes Society) and the Société Francaise
de Cardiologie (SFC; French Society of Cardiology) published a
consensus statement on the “Care of the hyperglycaemic/diabetic
patient during and in the immediate follow-up of an ACS” [9]. How-
ever, over the past 10 years, new glucose-lowering treatments have
become available, including agents that show specific cardiovascu-
lar benefits, such as glucagon-like peptide-1 receptor antagonists
(GLP1-RAs) and sodium-glucose cotransporter 2 (SGLT2) inhibitors.
This consensus statement takes into account the data obtained
in cardiovascular outcome trials testing novel glucose-lowering
drugs. The aim of this new consensus is to give very practical tools
to cardiologists caring for patients with diabetes hospitalized for
an acute cardiac event, and to optimize the collaboration between
cardiologists and diabetologists.

2. Literature review
2.1. Diabetes and acute cardiac diseases

2.1.1. Prevalence of diabetes and prediabetes in acute cardiac
diseases

In parallel to the current epidemic of diabetes and metabolic
syndrome, the proportion of patients with diabetes in ICCUs has
increased. Over a time span of 20years (1995-2015), the FAST-
MI programme recorded an increasing prevalence of diabetes in
patients with non-ST-segment elevation myocardial infarction (MI)
(from 20% to 27%; P <0.001), whereas this prevalence remained
quite stable in patients with ST-segment elevation MI (16% and
16.5%, respectively) [3]. Similarly, in Italy, between 2001 and
2010, the prevalence of diabetes increased from 25% to 36% in
patients with non-ST-segment elevation MI [10]. Merging data
from EUROASPIRE 1V and V, the proportion of known diabetes in
patients with MI was higher in women than in men (39.2% vs 28.4%;

P<0.0001). Oral glucose tolerance testing detected unknown dia-
betesin 13.4% and 14.6% of women and men, respectively, and these
figures almost doubled when glucose intolerance was also consid-
ered [1]. Diabetes is also frequent in patients with other causes
of hospitalization in the ICCU; 25-50% of patients admitted for
decompensated HF have diabetes [11,12].

2.1.2. Risks associated with diabetes

Diabetes is associated with both a higher risk of cardiovascu-
lar diseases and a poorer outcome in patients with documented
cardiovascular disease. Diabetes is associated with coagulation
abnormalities and a higher risk of atherothrombotic events (espe-
cially coronary events), and, after an acute event, short- and
long-term prognoses are poorer [13]. As an illustration, in a large
meta-regression, diabetes was and remained steadily associated
with a 65-85% increased risk of death after an acute MI, despite
improvements in management over time [8].

Patients with diabetes are at increased risk of HF and recur-
rent hospitalization [8], and diabetes is associated with a 2-fold
increased risk of HF occurrence in patients with chronic CAD or
after acute MI. Additionally, patients with HF and diabetes have
poorer outcomes than their counterparts without diabetes [14].Ina
European cohort of patients with acute HF, the presence of diabetes
was independently associated with an increased risk of in-hospital
death, 1-year death and rehospitalization for HF, underscoring the
need for more effective and personalized treatments of diabetes in
this particularly high-risk population [15]. It is important to notice
that individuals with T1D have a higher risk of death after their
first-ever MI; in particular, poor kidney function is associated with a
high risk of death and an excessive risk of secondary cardiovascular
events [16].

2.1.3. Impact of various glucose disorders and glycated
haemoglobin

In several studies of patients with ACS, impaired glucose tol-
erance or newly detected diabetes was associated with a higher
long-term incidence of major adverse cardiac events (MACE) [2,17]
or reinfarction [4]. In a large prospective registry study of patients
with ACS, 1-year MACE and death rates and long-term (>3 years)
death rates were higher in those with known or newly detected
diabetes or with impaired glucose tolerance [5].

Glycated haemoglobin (HbAlc) has a prognostic value in
patients with acute MI and newly detected glucose abnormalities
(impaired glucose tolerance or diabetes according to an oral glu-
cose tolerance test performed before discharge); elevated HbAlc
concentration appears to be one of the strongest independent risk
factors for death, and HbA1c concentrations > 5.9% in patients with
impaired glucose tolerance and > 7% in patients with new diabetes
are associated with reduced posthospital survival [5]. In a sys-
tematic review including data from 25 studies involving 304,253
patients with ACS, higher HbA1c concentration was a significant
predictor of in-hospital death and short-term (< 1year) death in
patients without known or newly detected diabetes [18].
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2.2. Impact of hyperglycaemia, hypoglycaemia and glycaemic
variability on the prognosis of patients with diabetes and acute
cardiac disease

2.2.1. Stress hyperglycaemia

Stress hyperglycaemia is defined as a transient increase in
blood glucose during acute stress, and is restricted to patients
without previous evidence of diabetes [19,20]. As a consequence,
stress hyperglycaemia is correlated with a higher death rate in
ICCUs in patients with cardiogenic shock [21] and acute MI [22].
Hyperglycaemia at admission has been shown to be independently
associated with 30-day and 1-year risk of death, independent of
diabetic state [20].

Many mechanisms are involved: the release of major stress
hormones (cortisol, catecholamines) and glucagon overload. All
of these mechanisms induce insulin resistance, with increased
hepatic glucose output and glycogen break-down [20], leading
to glucotoxicity with mitochondrial impairment. Hyperglycaemia
also promotes inflammation and endothelial dysfunction, and is
associated with a prothrombotic state [23]. High blood glucose is
associated with increased reactive oxygen species, which inhibit
myocardial cell replication and differentiation, favouring the devel-
opment of cardiac myopathy. Tight glycaemic control has been
shown to reduce inflammation, decrease the production of reac-
tive oxygen species and increase cardiomyocyte replication and
differentiation [23].

Lowering glucose concentrations in critically ill patients appears
logical, and has been shown to be efficient in improving the clin-
ical outcomes of patients in the surgical context [24], taking into
account that too-tight control can lead to death [25]. It is important
to remember that definitions and thresholds of stress hypergly-
caemia vary in the literature.

2.2.2. Hyperglycaemia

Many studies have shown that admission blood glucose con-
centration is an independent factor for death and in-hospital
complications in patients with diabetes [3]. In a meta-analysis by
Capes et al., the in-hospital death rate was increased by 70% in
patients with diabetes with an admission blood glucose concen-
tration > 180 mg/dL (10.0 mmol/L) [26]. Persistent hyperglycaemia
during hospitalization for ACS also has a negative impact on prog-
nosis. A prospective study by Svensson et al. showed that the
2-year death rate in patients with diabetes whose lowest blood
glucose value during a hospital stay for ACS was>120mg/dL
(6.6 mmol/L) was 48% higher compared with patients whose low-
est blood glucose values were between 56 mg/dL (3.1 mmol/L)
and 119mg/dL (6.5mmol/L), after adjustment for confounding
factors, including admission glycaemia [27]. In patients at high
cardiovascular risk admitted to an ICCU, both hyperglycaemia at
admission (>162 mg/dL or 9.0 mmol/L) and sustained hypergly-
caemia (average glucose concentration > 144 mg/dL or 8.0 mmol/L)
were independently associated with all-cause death [28]. The
potential benefit of optimal glycaemic control during an ACS event
in patients with diabetes has been demonstrated by several studies.
The DIGAMI 1 trial showed that for patients with diabetes hospi-
talized for ACS, an insulin-glucose infusion for 24 h followed by
subcutaneous insulin 4 times daily for > 3 months, compared with
a standard treatment (insulin therapy only if clinically indicated),
induced a significant reduction in HbA1c concentrations and a sig-
nificant drop in the death rate at 1 year (19% vs 26%) and at 3.4 years
(33% vs 44%) [29]. The DIGAMI 2 trial confirmed the overall bene-
fit in terms of deaths of hyperglycaemia reduction in patients with
diabetes with ACS, but independent of the treatment used (insulin
infusion during hospitalization followed by intensive subcutaneous
insulin therapy; insulin infusion during hospitalization followed by
standard glucose-lowering treatment, including oral antidiabetic
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agents; or standard antidiabetic treatment including oral glucose-
lowering agents during and after hospitalization). All these data
suggest that blood glucose is a significant and independent predic-
tor of death in patients with diabetes, thus indicating the central
role of glucose control.

2.2.3. Hypoglycaemia

In the ACCORD study, intensive glucose-lowering treatment
associated with hypoglycaemia was associated with increased
death rates, mainly in patients with previous cardiovascular dis-
ease events [30]. In acute cardiac diseases, hypoglycaemia also
seems to influence the outcomes of patients with diabetes hospi-
talized for ACS. In a study by Svensson et al., a single blood glucose
measurement <54 mg/dL (3 mmol/L) during hospitalization was
associated with a 93% increase in the relative risk of long-term
death [27]. In the CLARITY-TIMI-28 study, the 30-day death rate
was greater in patients at the upper (>199 mg/dL/11.0 mmol/L)
and lower (<81 mg/dL/4.5 mmol/L) extremes of blood glucose mea-
sured at admission to hospitals, showing a U-shaped curve [31].
In a Japanese study, a blood glucose concentration of <127 mg/dL
(7mmol/L) and a blood glucose concentration of>198 mg/dL
(11.0mmol/L) were both independent predictors of death in
patients with diabetes with acute MI [32].

2.24. Glycaemic variability

Glycaemic variability is also likely to influence the prognosis of
patients hospitalized for ACS. In patients with diabetes hospital-
ized for acute MI, the mean amplitude of blood glucose excursion,
an indicator of within-day glycaemic variability, was indepen-
dently associated with the severity of coronary disease assessed
by the SYNTAX score [33]. In patients hospitalized for an acute
MI, the mean amplitude of blood glucose excursion has been to
shown to be an independent predictor of the occurrence of a major
cardiovascular event 12 months combine [34] or 39 months [35]
after the ML. In a recent French prospective study, a blood glucose
glycaemic variability of >47 mg/dL (2.70 mmol/L) during hospital-
ization was the most important independent predictor of MACE
after ACS (odds ratio, 2.21; 95% confidence interval [CI] 1.64-2.98;
P<0.001) [36]. The pathophysiological effects of glycaemic vari-
ability on the cardiovascular system may combine the effects of
hypo/hyperglycaemia along with effects on the parasympathetic
system.

2.3. Antidiabetic treatment in unstable cardiac patients: What is
the evidence?

2.3.1. Insulin

Insulin therapy during ACS has been studied for over 50 years
[37]. In all, more than 25,000 patients have been included in clin-
ical studies with different insulin therapy protocols; however, the
results are conflicting, and a number of issues remain outstanding.
In the 1960s, the concept of glucose-insulin-potassium arose. The
provision of insulin, high-dose glucose and potassium was thought
to improve myocardial energy metabolism and prevent ventricular
arrhythmia in the context of ischaemic injury. Although the concept
and the first results were very promising, the benefit of this proto-
col in terms of major cardiovascular outcomes has not been clearly
demonstrated with regard to the results of 10 published clinical
studies; seven studies including a total of 25,496 patients did not
find any difference between treated and control groups [38].

Besides glucose-insulin-potassium protocols, insulin therapy
has been studied as a cornerstone for tight blood glucose con-
trol during ACS [37]. As observational studies have demonstrated
that hyperglycaemia is associated with more adverse outcomes in
patients with ACS, improving glycaemic control as soon as possi-
ble is attractive. Intensive insulin therapy was the logical choice
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to achieve this objective in the context of critically ill patients.
In the DIGAMI study [39], 620 patients with ACS and blood glu-
cose >198 mg/dL (11 mmol/L) were randomized to receive either
intensive insulin therapy for 24 h followed by multidose subcuta-
neous insulin for at least 3 months or conventional therapies for
hyperglycaemia. After 1year, a significant 29% reduction in the
relative risk of all-cause death was observed [39]. However, it is
important to note that at least three other randomized controlled
trials [40,41] with either different insulin protocols or more strict
blood glucose targets did not confirm any benefit from intensive
insulin therapy. Several reasons were given to explain these con-
flicting data. First, a major issue is the frequency of hypoglycaemia
in the intensive insulin therapy arms. Second, it was postulated
that the benefit of insulin should also be linked to its vasodilator
property [37]. In conclusion, despite these conflicting data, insulin
therapy is widely considered to be effective, with quick action
and few contraindications, and so is recommended to reach blood
glucose targets in the ICCU, but with the necessity of avoiding hypo-
glycaemia.

No randomized clinical trials comparing intervention glucose
strategies with intensive insulin treatment have been conducted in
patients with acute HF in the ICCU. Although insulin is known to
promote peripheral oedema via an antinatriuretic effect, the ORI-
GIN study did not find any difference in MACE or HF hospitalizations
in the treated arm in over 12,500 patients with high cardiovascular
risk and glucose dysregulation [42]. Therefore, insulin treatment,
again for its quick and flexible effects, is probably the easiest to use
to reach the blood glucose target in patients with acute HF [43].

2.3.2. Sulfonylureas

Since the UGDP study [44], which was discontinued prema-
turely because of excess death in the tolbutamide-treated group,
the potentially deleterious effect of sulfonylureas has received con-
siderable attention. By binding subunits of potassium channels
present in 3 cells, but also in cardiomyocytes, these molecules
can impair myocardial preconditioning and worsen ischaemic
injury. Conflicting data exist between observational studies and
randomized controlled trials [45]. In summary, some observa-
tional studies suggested a higher adverse cardiovascular outcome
incidence with sulfonylureas, whereas randomized clinical tri-
als did not demonstrate any difference. Regarding observational
studies, there is a high degree of heterogeneity in the duration
of follow-up and molecule exposure, cardiovascular outcomes
and/or sample size. Moreover, pharmacological properties may
vary depending on the molecules; for example, gliclazide and glip-
izide could be more selective for pancreatic sulfonylurea receptors
and so less implicated in myocardial preconditioning impair-
ment (animal experimental data). Therefore, sulfonylureas should
probably not be considered as a homogeneous class with regard
to cardiovascular safety. Two large randomized controlled trials
were expected to provide complementary highlights. First, in the
TOSCA.it study [46], 3028 patients with T2D were included: 1335
were assigned to pioglitazone and 1493 to sulfonylureas (gliben-
clamide n=24 [2%], glimepiride n=723 [48%] or gliclazide n=745
[50%]) as add-on treatments to metformin. After a median follow-
up of 57 months, the incidence of cardiovascular events was similar
for sulfonylureas compared with pioglitazone, whereas the fre-
quency of hypoglycaemia, as expected, was significantly higher in
the sulfonylurea-treated group. In the CAROLINA study [47], more
than 6000 patients with T2D (40% with previous cardiovascular dis-
ease) were randomized to receive either linagliptin (a dipeptidyl
peptidase-4 [DPP-4] inhibitor) or glimepiride (1-4 mg) as an add-
on to usual treatment. After a median follow-up of 6.3 years, there
was no significant difference in the occurrence of the primary end-
point (time to first occurrence of cardiovascular death, non-fatal
MI or non-fatal stroke) between the two arms. These two recent
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randomized controlled trials suggest that, despite a higher risk of
hypoglycaemic events compared with other drugs, the new gen-
eration sulfonylureas might be not deleterious to cardiovascular
safety.

Considering HF, sulfonylureas have not been associated with
oedema or sodium retention. In the UKPDS [48] and, more recently,
in the CAROLINA study [47], incidences of adverse cardiovascular
events were not higher in the sulfonylurea-treated group compared
with those using other agents, despite more frequent hypogly-
caemic events.

2.3.3. Metformin

At the cellular level, the effect of metformin is largely mediated
by the activation of adenosine monophosphate-activated protein
kinase, a key molecule orchestrating many biochemical processes,
including glucose uptake, glycolysis, oxidation of free fatty acids
and mitochondrial biogenesis [49]. At the systemic level, this
drug improves endothelial function and protects against oxida-
tive stress, inflammation and the negative effects of angiotensin II.
On the myocardium, metformin attenuates ischaemia-reperfusion
injury and prevents adverse remodelling, even if inconstant [50].
The effects of metformin on myocardial cell metabolism and con-
tractile function could be significant during transient ischaemia,
during an acute increase in workload and in the early stages of
diabetic/hypertensive disease. A decrease in the low-reflow phe-
nomenon was suggested, but was not confirmed, by a study testing
ejection fraction after acute MI [51]. In a post-hoc analysis of the
DIGAMI 2 study, the choice of glucose-lowering drugs appeared to
be of prognostic importance for patients after acute MI; insulin may
be associated with an increased risk of non-fatal cardiac events,
whereas metformin seems to be protective against risk of death
[40].

In a study including 379 patients with ST-segment elevation
MI without diabetes undergoing primary percutaneous coronary
intervention, patients were randomized to 4 months of treatment
with metformin (500 mg twice daily; n=191) or placebo (n=188).
At 4 months, left ventricular ejection fraction and N-terminal pro-
hormone of brain natriuretic peptide concentration were similar in
the two groups, and MACEs were observed in six patients (3.1%)
and two patients (1.1%), respectively (P=0.16). No cases of lac-
tic acidosis were observed. After a 2-year follow-up, multivariable
adjustment demonstrated that the incidence of MACE was similar
in the two groups (hazard ratio 1.02, 95% CI 0.10-10.78; P=0.99)
[52,53].

In a retrospective cohort study of 24,953 Medicare beneficia-
ries with diabetes discharged after hospitalization for acute MI, the
independent association between a discharge prescription for met-
formin, thiazolidinediones or both agents and outcomes at 1year
was assessed. Insulin-sensitizing drugs (metformin, thiazolidine-
diones) were not associated with a significantly different risk of
death in older patients with diabetes within 1year following an
acute MI compared with other antihyperglycaemic agents, except
for thiazolidinediones, which were associated with a higher risk of
readmission for HF after MI [54].

Metformin is associated with decreased deaths and morbidity in
stable patients with HF with T2D [55]. Few decompensated HF data
sets have been published. A total of 7620 patients with diabetes and
incident HF in a USA national insurance claims database were ana-
lysed, 3799 (50%) of whom were exposed to metformin. At 1.7 years
of follow-up, conventional models suggested potential acute ben-
efits in reducing HF exacerbation with metformin use (adjusted
hazard ratio 0.76, 95% CI 0.60-0.97), whereas other models, which
provided a better fit for the data, suggested a lack of systematic
effect (adjusted hazard ratio 0.91, 95% C1 0.69-1.20) [56]. Finally, in
the REACH registry, no increase in HF was observed with metformin
[57].
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Metformin-associated lactic acidosis is a rare but life-
threatening adverse drug reaction to take into consideration
in the setting of acute or decompensated patients, who often
exhibit decreased kidney function. During acute decompensated
HF, timely treatment may prevent the decrease in kidney function
to the threshold associated with an increased risk of metformin-
associated lactic acidosis. Metformin should not be withheld from
patients with diabetes with stable HF who do not have other risk
factors for acute decompensated HF or lactic acidosis [55].

Recent guidelines for antidiabetic medications advocate met-
formin as a first-line therapy for all patients with T2D. However,
metformin may be associated with increased risk of acute kid-
ney injury, acute dialysis and lactate acidosis in some patients.
In a retrospective nationwide cohort study, 168,443 drug-naive
patients with T2D aged > 50years who were starting treatment
with either metformin or sulfonylurea in Denmark between 2000
and 2012 were included (70.7% initiated treatment with met-
formin). One-year risks of acute dialysis were 92.4 per 100,000
(95%C167.1-121.3) and 142.7 per 100,000 (95% CI 118.3-168.0) for
sulfonylureas and metformin, respectively. Metformin-associated
1-year risk of acute dialysis was increased by 50.3 per 100,000
(95% CI 7.9-88.6), corresponding to an odds ratio of 1.53 (95% CI
1.06-2.23), thus providing evidence of potential harm pertaining
to the use of metformin [58].

In conclusion, metformin cannot be systematically prescribed
to patients with T2D because of the presence of numerous con-
traindications corresponding to situations that may increase the
risk of lactic acidosis. However, recent data suggest that patients
with T2D who are considered “at risk” because of the presence of
cardiac disease would probably benefit from metformin therapy.

2.3.4. Dipeptidyl peptidase-4 inhibitors

DPP-4 inhibitors are oral antidiabetic agents that reduce GLP1
enzymatic degradation, thus leading to moderate increases in its
plasma concentration. They are well tolerated, with very few side
effects. Prospective cardiovascular outcome trials (namely SAVOR-
TIMI with saxagliptin in patients with T2D and history of MI or
at very high cardiovascular risk, TECOS with sitagliptin in patients
with T2D and established cardiovascular disease and EXAMINE
with alogliptin in patients with T2D and a recent MI or unsta-
ble angina) did not show any increase or decrease in the rate of
ischaemic events [59-61]. The “neutral” effect of DPP-4 inhibitors
on ischaemic cardiovascular events was confirmed in a large meta-
analysis including 55,141 patients [62]. In the SAVOR trial, an
increase in hospitalization for HF with saxagliptin was observed
[60], whereas this was not observed with alogliptin in EXAMINE or
with sitagliptin in TECOS.

No specific data on the use of DPP-4 inhibitors during an acute
cardiac event are available. The “neutral” effect of DPP-4 inhibitors
on ischaemic events was also observed in the EXAMINE trial, where
treatment with alogliptin was introduced early (15-90 days) after
an ACS, indicating that DPP-4 inhibition appears to be safe in the
high-risk period following an ACS [63]. The absence of any car-
diovascular beneficial effect of DPP-4 inhibitors during an ACS
is suggested by a study that did not show any improvement in
endothelial dysfunction with sitagliptin in patients with ACS with
glucose intolerance or T2D [64].

2.3.5. Glucagon-like peptide-1 agonists

GLP1-RAs are modified glucagon-like peptide-1 proteins that
areresistant to DPP-4 enzymatic degradation, and are administered
by subcutaneous daily or weekly injection. Their administration
induces supraphysiological plasma concentrations of GLP1-RA,
which increases insulin secretion in a glucose-dependent manner
and decreases glucagon secretion, but also significantly reduces
body weight and insulin resistance [65]. GLP1-RAs are not directly
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responsible for hypoglycaemic events, but may be responsible
for hypoglycaemia in association with insulin or insulin-secreting
agents (sulfonylureas, glinides). Prospective cardiovascular out-
come studies have shown that liraglutide, semaglutide and
dulaglutide significantly reduce MACE in patients with T2D with
a history of coronary disease or at high cardiovascular risk. In the
LEADER trial, liraglutide reduced MACE by 13%(P=0.01) and cardio-
vascular deaths by 22% (P=0.007) [66]. In SUSTAIN-6, semaglutide
reduced MACE by 26% (P=0.02) and non-fatal stroke by 49%
(P=0.04) [67]. In REWIND, dulaglutide reduced MACE by 12%
(P=0.026) and non-fatal stroke by 24% (P=0.017) [68].

Although the benefit of GLP1-RAs for ACS is not entirely clear,
several trials indicate a positive effect of GLP1-RAs during ACS. In
an experimental study performed with 20 patients with normal left
ventricular function and single-vessel coronary disease, adminis-
tration of GLP1-RAs reduced ischaemic left ventricular dysfunction
after ischaemia during balloon occlusion [69]. In a study including
patients with ST-segment elevation MI undergoing percutaneous
coronary intervention, administration of the GLP1-RA exenatide
at the time of reperfusion significantly increased the myocar-
dial salvage index [70]. In two prospective randomized studies,
administration of exenatide at time of reperfusion in patients with
ST-segment elevation MI undergoing percutaneous coronary inter-
vention did not reduce infarct size [71,72]. Two meta-analyses
reported improved left ventricular ejection fraction and reduced
infarct size with GLP1-RAs in patients undergoing percutaneous
coronary intervention or coronary artery bypass grafting [73,74].
So far, clear evidence of a cardiovascular benefit for GLP1-RAs dur-
ing ACS is lacking, and we need high-quality, well-designed trials
to evaluate their precise effect in ACS situations.

The use of GLP1-RAs, with proven cardiovascular benefit, is
recommended in association with metformin for patients with
T2D with a history of cardiovascular disease. Evidence of cardio-
vascular benefit following GLP1-RA administration during ACS is
lacking. A meta-analysis of cardiovascular outcome trials com-
paring GLP1-RAs and placebo showed a significant 9% reduction
in hospitalization for HF (P=0.013) [75]. In the double-blind,
placebo-controlled, randomized FIGHT trial, time to death and
rehospitalization for HF were not significantly modified by treat-
ment with liraglutide [76]. In the LIUVE trial, treatment with
liraglutide for patients with reduced left ventricular ejection frac-
tion was associated with the occurrence of more serious cardiac
events (cardiac death, ventricular tachycardia, atrial fibrillation,
ACS or worsening of HF) [77]. In a recent study, it has been shown
that the combination of GLP1-RAs and SGLT2 inhibitors is associ-
ated with a lower risk of MACE and serious renal events compared
with either drug class alone [78].

2.3.6. Sodium-glucose cotransporter-2 inhibitors

SGLT2 inhibitors are oral glucose-lowering drugs that act by
inhibiting the sodium cotransporter in the renal proximal tubule,
leading to diminished renal glucose reabsorption, which reduces
plasma glucose, and to increased glucose urinary excretion and
then body weight reduction. SGLT2 inhibitors are not directly
responsible for hypoglycaemic events, but may be responsible
for hypoglycaemia in association with insulin or insulin-secreting
agents (sulfonylureas, glinides).

Prospective cardiovascular outcome studies performed with
patients with T2D showed that SGLT2 inhibitors significantly
reduced MACE, and that this effect was mostly driven by a dra-
matic reduction in hospitalization for HF (—35% with empagliflozin
in EMPAREG-OUTCOME; —33% with canagliflozin in CANVAS; —27%
with dapagliflozin in DECLARE-TIMI) [79-81]. In patients with
HF with reduced or preserved ejection fraction, SGLT2 inhibitors
reduced cardiovascular death and hospitalization for HF, and the
same benefit was shown in patients without diabetes with HF, indi-
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Table 1
Summary of the cardiovascular effects of antidiabetic treatments [92].
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Chronic CAD Acute CAD
0 0
Sulfonylureas/glinides ? ?
DPP4is 0 0 =0
iSGLT2 4+ =0 ++
=(0) —
0 = + —

Risk of

Hypoglycemia

Risk of lactic acidosis

0 Warning in case of severe heart or renal failure
++ All Sulfonylureas are not similar

0 Saxagliptin has shown an increased risk of heart failure

No association with GLP1-RAs
0* Renal protection
0* Weight loss
Gastrointestinal side effects needing dose escalation

+++

+: positive effect; —: negative effect; 0: no effect; ~0: probably no effect; ?: unknown; *: can increase the risk of hypoglycaemia when associated with hypoglycaemic agents;
CAD: coronary artery disease; DPP-4: dipeptidyl peptidase-4; GLP-RAs: glucagon-like peptide-1 receptor antagonists; HF: heart failure; SGLT2: sodium-glucose cotransporter

2.

cating a cardioprotective effect, independent of glucose changes
[82]. No study has evaluated the use of SGLT2 inhibitors during
the ACS period. Thus, there is no clear-cut agreement regarding
their use during and immediately after ACS. In the EMPULSE study,
initiation of empagliflozin in patients hospitalized for acute HF
was well tolerated, and induced significant clinical benefits con-
cerning symptoms in the 90 days after starting treatment [83].
In patients with diabetes and recent worsening HF, sotagliflozin
therapy, initiated before or shortly after discharge, resulted in sig-
nificantly lower total numbers of hospitalizations and deaths from
cardiovascular causes [84]. In the randomized, placebo-controlled
EMPA-RESPONSE-AHF trial, empagliflozin reduced the combined
endpoint of in-hospital worsening HF, rehospitalization for HF or
death at 60 days compared with placebo [85]. This suggests that
SGLT2 inhibitors should be initiated early. Thus, it is now advised,
for patients with HF, to adopt a rapid sequencing strategy, with
early use of SGLT2 inhibitors in combination with other drugs
dedicated to HF, with rapid uptitration, as recommended by the
European Society of Cardiology [84,86,87].

The systematic introduction of SGLT2 inhibitors in the days fol-
lowing acute MI has been studied in 4017 patients with acute M,
but no diabetes or chronic HF, who were randomly assigned to
10 mg of dapagliflozin or placebo. The primary outcome was a com-
posite of death, hospitalization for HF and five cardiometabolic
outcomes analysed using the win ratio method. There were sig-
nificantly more wins for dapagliflozin than for placebo (win
ratio 1.34, 95% ClI 1.20-1.50), which was driven by the car-
diometabolic outcomes. The composite of time to cardiovascular
death/hospitalization for HF did not differ between the two groups
[88]. Among 3260 patients at increased risk of HF after acute MI,
treatment with empagliflozin also did not lead to a significantly
lower risk of a first hospitalization for HF or death from any cause
than placebo [89]. In the EMMY trial, in patients with a recent
myocardial infarction, empagliflozin was associated with a sig-
nificantly greater reduction in N-terminal prohormone of brain
natriuretic peptide concentration, accompanied by a significant
improvement in echocardiographic functional and structural vari-
ables [90].

Table 1 summarizes the main cardiovascular effects of antidia-
betic treatments and the risk of hypoglycaemia.

3. Algorithms

All of the treatments proposed in these algorithms should be
considered as suggestions, and must be adapted to each patient’s
profile. It is important to call a diabetologist in case of doubt or in

Table 2
Converting glucose concentration (mg/dL <> mmol/L).

Converting glucose level mg/dL - mmol/L
mg/dL 40 80 | 140 | 200 | 250 | 300 | 350 | 400
mmol/L 22 | 44 | 78 | 111 139 | 16.7 | 194 | 22.2

The higher threshold suggests to start with oral treatment to correct hypoglycaemia
and the lower with IV treatment — however, it must be adapted to each patient case
(see Table 3 to manage).

cases of intolerance, unexpected events or difficulty in achieving
targeted glucose control. In case of allergy or previous poor tol-
erance to a glucose-lowering drug or a combination of drugs, the
choice of treatment must be discussed with a diabetologist. Intra-
venous insulin treatment must be proposed only when medical and
paramedical staff are experienced, can perform repeated glucose
and ketone measurements and are trained to immediately manage
hypoglycaemia. Staff must pay close attention to the blood glucose
units used (mg/dL or mmol/L). In the figures and tables, the units
are mg/dL; Table 2 gives the equivalences. Measurement of blood
capillary ketones is preferable to urinary strip testing because of
time lapse. Blood ketones >1.5 mmol/L are significant, and blood
ketones > 3.0 mmol/L require immediate diabetological advice.

3.1. Arrival of the patient at the ICCU

Fig. 1 shows the initial algorithm following admission to the
ICCU. We propose accepting a large range of glucose concentrations
to avoid an overly complex adaptation of the glucose-lowering
treatment in a cardiological unit where hypoglycaemic events fol-
lowing bolus of insulin can be deleterious.

There are two reasons to propose insulin treatment for a patients
with diabetes hospitalized for an acute cardiac event: cardiac insta-
bility and significant hyperglycaemia.

3.1.1. Cardiac instability

The first step is to detect patients with cardiac instability, i.e. at
high risk of in-hospital cardiovascular morbidity and death. These
patients need glucose concentration stability, although several
glucose-lowering drugs may interact with their cardiac disease. Of
course, identification of these high-risk patients is at the discretion
of the clinician, and other conditions can be involved, such as severe
pulmonary embolism, severe endocarditis or aortic dissection. ..
In patients with cardiac instability without previous insulin treat-
ment, all oral glucose-lowering drugs and GLP1-RAs must be
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) CARDIAC INSTABILITY (2 1 item) ?

3

Previous cardiac arrest

Amine or innodilatator TT / shock / SBP < 85 mmHg
Mechanical ventilation / Sa02 remains < 90%
Severe ventricular arrythmias

Acute renal failure requiring hemodialysis

VNN

No
Check glucose (non fasting)
ketosis - HbA1C

', Yes

STOP All Oral glucose-lowering drugs and GLP1-RA

d

No Previous Insulin TT

Previous Insulin TT

SIGNIFICANT HYPERGLYCEMIA ?
Glucose > 250 mg/di

—

Start immediately
IV insulin (Table 3)
Call diabetolgist

1w

Glucose > 350 mg/d|
or ketosis

‘Nu

Start 1st bolus immediately
(see bolus table)

Yes

Y

I
No previous insulin TT

Adapt usual treatment

1
Previous insulin TT

Adapt insulin treatment

1: Metformin must be stopped {f eGFR Is < 63 mifmin/m2 or when
contrast media is injected (stap for 48h from the injection).

2 :only Iif no concomitont GLPI1-RA treatment

3 : No bolus in cose of fasting

# . if capillary ketones > 3 mmol > Call diabetologist

‘ ‘ SGLT2i I MET ! basal - /. bolus * similar dose
GLP1-RA SULF /Gl
Glucose >250 mg/dl  Yes Start IV insulin pRRLE nary hazal dnly —
or ketosis * - (Table 3) First line use
N Acarbose Ay Warning
l' ° L . © Avoid
Check glucose [ ketosis
Every4h Check glucose + ketosis before meal morning, midday, evening and night

and add / inject bolus according to glucose level (see bolus table).

Glucose mg/dl <250 250 - 300 =300 > 350 or Ketosis *
Rapid acting Insulin 0 U/Kg 0,10 UfKg 0,15 UfKg Start IV insulin (Table 3)
5C Frailty : 6 U Frailty : B8 U

Check glcose level at least 6 hours after each bolus and repeat bolus according to glucose level

In case of hypoglycemia (glucose level < 80 mg/dL / 4,4mmol/L) see table 3

Fig. 1. Initial algorithm following admission to intensive cardiac care unit. conc.: concentration; DPP-4i: dipeptidyl peptidase-4 inhibitor; GLI: glinides; GLP1-RA: glucagon-
like peptide-1 receptor antagonist; HbA1c: glycated haemoglobin; IV: intravenous; MET: metformin; SaO,: oxygen saturation; SBP: systolic blood pressure; SC: subcutaneous;
SGLT2i: sodium-glucose cotransporter 2 inhibitor; SULF: sulfamides; TT: treatment. ® Metformin must be stopped if estimated glomerular filtration rate is < 60 mL/min/m? or
when contrast media is injected (stop for 48 h from the injection); ® Only if no concomitant GLP1-RA treatment; ¢ No bolus in case of fasting; 4 If capillary ketones >3 mmol,

call diabetologist.

Type 2 diabetes
No previous TT with insulin
No IV Insulin protocol

HbA1c > 8,5 % or

BMI < 27 kg/m2 or

Recent weigth loss or

ketosis during hospitalisation

No

Yes

>

Call Diabetologist
Discuss Basal / bolus (Figure 1)

I

S 2 ¥

3 : anly after diabetologic advice
4 : according to residual renal function

GFR in ml/min/m2

* High evidence in patients with coranary artery disease

Heart Failure Atherosclerosis / Other Atherosclerosis / Other GFR < 30 ml/min/m2 Hemodialysis
GFR > 30 GFR > 60 GFR 30-60 No Hemodialysis All diagnosis
1. SGLT2i 1. GLP1-RA * 1. SGLT2i 1. GLP1-RA 1. INSULIN
+ MET (EF>30%) 1. 5GLT2i * 1. GLP1-RA * 2. DPP4i }: dose ? @ SGIT2i
M MET ¥ dose if EF<30% or GFR< 60! + MET + MET }: dose i SGLT2i * @ GLP1-RA
i GLP1-RA? 2. DPP4i? 2. DPP4i? A GLI3 & MET
\ DPP4i 2 A\ SULF / GLI 3 /\ SULF / GLI 3 @ MET @ IDDP4
© SULF @ SULF/GLI

1: only if potients are clinically stable and there is no heart transplant or assistance expected shortly
2 : only if no concomitant GLP1-RA treatment — Avoid saxagliptine in case of heart failure

< <

1. First line use

2. Second line use
A Warning

@ Avoid

Fig. 2. Algorithm for discharge of patients with type 2 diabetes not previously treated with insulin from the intensive cardiac care unit. BMI: body mass index; DPP-4i:
dipeptidyl peptidase-4 inhibitor; EF: ejection fraction; eGFR: estimated glomerular filtration rate; GLI: glinides; GLP1-RA: glucagon-like peptide-1 receptor antagonist:
HbA1c: glycated haemoglobin; IV: intravenous; MET: metformin; SGLT2i: sodium-glucose cotransporter 2 inhibitor; SULF: sulfamides; TT: treatment. ? Only if patients are
clinically stable and there is no heart transplant or assistance expected shortly. ® Only if no concomitant GLP1-RA treatment; avoid saxagliptin in case of heart failure. ¢ Only
after diabetological advice. 4 High evidence in patients with coronary artery disease. ¢ According to residual renal function.
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Table 3
Main interactions reported between antidiabetic agents and cardiac drugs.
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-““ -

Beta blockers Mask and prolong

(mainly non hypoglycemia

selective)

Aspirin

Diuretics May induce Deshydration Deshydration
hyperglycemia hypotension

ACE inibitors May enhance hypotension
insulin sensitivity

Ca channel

inhibitors

DPP4i
May enhance
hypoglycemia risk
and mask
hypoglycemia
increase May enhance
sulfonylurea levels  glucose-lowering
effects
May reduce Can increase
sulfonylurea metformin levels
effectiveness by
causing
hyperglycemia
angioedema

May reduce
metformin efficacy

Artificial intelligence has enabled a more exhaustive refinement of the data. ACE: angiotensin-converting enzyme; DPP-4: dipeptidyl peptidase-4; GLP-RAs: glucagon-like

peptide-1 receptor antagonists; SGLT2: sodium-glucose cotransporter 2.

stopped, and glucose concentration and ketosis must be monitored
at least every 4h. When the glucose concentration is>250 mg/L
(14 mmol/L) or blood capillary ketones are >1.5mmol/L, intra-
venous insulin must be started, and the glucose concentration must
be monitored as proposed in Fig. 2. If patients were previously
treated with insulin, intravenous insulin should also be started
in case of cardiac instability if the blood glucose concentration
is>250mg/L (14 mmol/L), and subcutaneous injections of insulin
must be stopped.

3.1.2. Significant hyperglycaemia

Significant hyperglycaemia is defined as a glucose concentra-
tion>250mg/dL (14 mmol/L). Such a situation requires insulin
treatment to be started. In patients without cardiac instability,
intravenous insulin treatment is required if the glucose concen-
tration is > 350 mg/dL (20 mmol/L) or if blood capillary ketones are
>1.5mmol/L. In this latter case, the diabetologist must be called
in order to anticipate future de-escalation of the treatment and
to discuss the need for chronic insulin treatment if not previously
applied. The glucose concentration must be monitored as proposed
in Fig. 1. In patients without cardiac instability, insulin treatment
in the form of administration/addition of a bolus injection of rapid-
acting insulin may be proposed if the glucose concentration is
between 250 and 350mg/dL (14 and 20 mmol/L) and capillary
ketones are < 1.5 mmol/L.

3.1.3. No cardiac instability or significant hyperglycaemia

If the patient has no severe cardiac instability or significant
hyperglycaemia, the previous glucose-lowering treatment can be
maintained. When patients are treated with oral glucose-lowering
treatments or GLP1-RAs, the first-line glucose-lowering treatments
to prefer are marked as “1”. Metformin must be stopped if the esti-
mated glomerular filtration rate (eGFR) is < 60 mL/min, because of
the risk of severe renal failure that is frequently associated with
several acute cardiac diseases, and when contrast media is injected
(stop for 48 h from injection time). Sulfonylureas and glinides must
be stopped because of the risk of hypoglycaemia and their potential
harmful cardiometabolic effect. Maintenance of previous glucose-

lowering treatment, as proposed above, is also possible in a patient
with a glucose concentration between 250 and 350 mg/dL (14
and 20 mmol/L) and capillary ketones < 1.5 mmol/L, in whom bolus
insulin treatment has been started. Glucose must be checked at
least four times/day (before each meal and near 11 pm) and ketones
at least once every day and if glucose concentration > 250 mg/dL
(14 mmol/L). In case of previous insulin treatment, the basal dose
must be maintained every day, but bolus (rapid insulin) doses must
be skipped in case of fasting. The glycaemic target is between
140 mg/dL (7.7 mmol/L) and 250 mg/L (14 mmol/L). When the dose
of basal (long-acting) insulin used by the patient is unknown, it
is possible to start with 0.2 U/kg/day when the body mass index
(BMI) is 20-30 kg/m?, 0.3 U/kg/day when the BMI is > 30 kg/m? and
0.15U/kg/day if aged > 75 years, the BMI is <20 kg/m? or the eGFR
is <30 mL/min/mZ.If the glucose concentration is > 250 mg/L during
monitoring of the patient, bolus injections of rapid-acting insulin
must be given. If a bolus is injected, the glucose concentration must
be checked 6 h later, and another bolus can be injected according to
the “bolus table”, including through the night. In case of hypogly-
caemia (glucose concentration < 80 mg/dL/4.4 mmol/L), see Fig. 1.

Table 3 presents a summary of the main interactions between
antidiabetic agents and cardiac drugs.

3.2. Intravenous insulin management in the ICCU

Table 4 shows the management of intravenous insulin treatment
in the ICCU. Intravenous insulin is started in case of cardiac instabil-
ity if the fasting glucose concentration is > 250 mg/dL (14 mmol/L),
or if there is significant hyperglycaemia (when the fasting glu-
cose concentration is>350mg/dL/20 mmol/L) in all patients. All
glucose-lowering treatments (including subcutaneous insulin and
GLP1-RAs) must be stopped. As a result of the decrease in potas-
sium concentration associated with intravenous insulin treatment,
potassium concentration must be checked 4h and 12h after the
start of intravenous insulin treatment, and more frequently when
the concentration is <4 mmol/L. Potassium supplementation must
be given to the patient when the potassium concentration is
decreasing (<4 mmol/L). In patients with renal failure, potassium
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Table 4
Intravenous insulin protocol.
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v/ STOP all antidiabetic treatments including sub-cutaneous insulin and GLP1-RA

Prepare 50 U of rapid Insulin diluted in 50 ml Glucose 5% (electric syringe : 1 ml = 1 U insulin) + Perfusion of Glucose 5% in parallel

Start IV insulin when blood glucose (BG) > 250 mg/dl following the table

v
v
v Blood potassium check 4 hours and 12 hours after beginning of IV insulin and then at least every day
v

Capillary blood glucose must be checked at least every 2 hours unless mentioned otherwise in the table

Glucose - mg/dL <54 <80 80-140 | 140-200 | 200-250 | 250-300 | 300-350 | = 350 2 400
INITIAL perfusion speed (ml/h) - - - - 2 2,5 3 4
ADAPTATION of perfusion speed (ml/h) STOP STOP No change +1 +1 +1.5 +2 +2
Insulin bolus for MEAL 0 0 4 4 4 4 4 4
CHECK blood glucose every 15 mn 15 mn 2h 2h 2h 2h 1h 1h 1h

<L >

< -

Hypoglycemia

* If blood glucose < 54 mg/dL : glucose 30% IV 10 to 20 ml
* If blood glucose < 80 mg/dL : give oral sugar 15 g if symptoms .
* Restart IV insulin with half speed when blood glucose > 140 mg/dl

Hyperglycemia
* Check Ketosis
If capillary ketones > 3 mmol or insulin
speed > 5 ml/h - Call diabetologist

concentration must be checked more frequently than when potas-
sium is given as a supplement.

Intravenous insulin infusion is prepared by diluting 50 U of rapid
insulin in 50mL of a 5% glucose solution in an electric syringe.
Electric syringe perfusion should be placed as close as possible
to the vein. A perfusion with 5% glucose must be added in par-
allel to prevent or correct a hypoglycaemic trend (be careful not
to flush this perfusion). The initial speed of the electric syringe
(mL/h) is indicated in Table 4 in the line “initial perfusion speed”.
The glucose concentration must be checked every hour at the
beginning of intravenous infusion. According to the glucose con-
centration, the dose of insulin delivered is adapted by increasing
or decreasing the speed of the electric syringe according to the
line “adaptation of perfusion speed” in Table 4. When the glucose
concentration is < 80 mg/dL (4.4 mmol/L), intravenous insulin must
be stopped and glucose concentration checked every 15 minutes
until the blood glucose is > 140 mg/dL (7.7 mmol/L). When the glu-
cose concentration is < 70 mg/dL (3.5 mmol/L) or between 70 mg/dL
(3.5mmol/L) and 80 mg/dL (4.4 mmol/L) with symptoms of hypo-
glycaemia, 15 g of oral sugar must be given to the patient. When the
glucose concentration is < 54 mg/dL (3.0 mmol/L) or when a patient
with blood glucose values between 54 mg/dL (3.0 mmol/L) and
70 mg/dL (3.5 mmol/L) experiences symptoms of hypoglycaemia,
intravenous insulin must be stopped immediately, and intravenous
glucose (10-20 mL of glucose 30%) must be administered immedi-
ately. In case of hypoglycaemia, the glucose concentration must
be checked every 15 minutes until the blood glucose concentra-
tion is > 140 mg/dL (7.7 mmol/L); then, intravenous insulin infusion
can be restarted at half the speed used before the hypoglycaemic
event. When a meal is given to the patient, a bolus of intravenous
insulin must be added according to the glucose concentration, as
indicated in the “insulin bolus for meal” line (able 3). Note that only
a half bolus must be administered when a light meal is provided to
the patient. The blood glucose check must be performed every 2 h,
including throughout the night, according to the line “check blood
glucose every” (Table 4). Close follow-up of glucose concentrations
and adequate monitoring of insulin will also be helpful to reduce
glycaemic variability.

Table 5 shows how to do the relay of intravenous insulin. Intra-
venous insulin can be stopped when all items can be checked:

e after>24h of intravenous insulin;

e when the patient is cardiologically stable (see Fig. 1);

e when the insulin speed is<5mlL/h (if the intravenous insulin
speed is>5mL/h, ask the diabetologist for advice before stop-
ping);

e when the mean glucose
is<250mg/dL (14 mmol/L).

concentration before meals

Relay must be performed with basal and bolus insulin, except
if the intravenous insulin speed is<1mL/h in patients with T2D
without previous insulin treatment. In this last case, a relay with
oral antidiabetic treatment or GLP1-RAs without insulin can be dis-
cussed with the diabetologist. Intravenous insulin is stopped when
the first insulin basal/bolus dose is injected. The basal dose is half
the amount of the total intravenous insulin infusion over the past
24 h. The bolus dose is half the amount of intravenous insulin infu-
sion over the past 24 h divided over three meals. For example, if
the last speed for a patient is 2 mL/h over the past 24 h, the volume
infused per day is 2mL x 24 =48 mL. As the electric syringe con-
tains 1U of insulin/mL, this corresponds to 48 U of insulin per day.
The basal (long-acting) dose to inject is a half dose, i.e. 24 U/day.
The bolus dose to inject is a half dose (24 U/day) divided over three
meals, i.e. 8 U before each meal, unless the patient is fasting.

In patients with T1D, the previous insulin treatment (basal/bolus
insulin regimen or insulin pump) must be started immediately
after the interruption of intravenous insulin treatment, and ketones
must be checked if glucose concentration is > 250 mg/dL.

In patients aged > 80 years or with significant frailty, only basal
insulin can be administered while waiting for diabetological advice.

When an oral treatment is started, intravenous insulin must be
stopped 2 h after the first oral glucose-lowering drug administra-
tion.

Note that, in case of doubt, the diabetologist must be called to
validate the scheme according to the patient’s profile, and a con-
sultation must be planned in the first month following discharge.
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Table 5
Relay of IV insulin protocol.
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Mean insulin speed during last 24 h ‘

When ?
V' After >24h IV Insulin

$

4

Ticks and trips

antidiabetics

v Patient can eat Previous Insulin Yes Calculate the total dose
v" No Cardiac instability (Fig 1) treatment ‘ of insulin adminstred
. during last 24h
V" Insulin speed <5ml/h
No
v Mean fasting glucose < 250 mg/d| l \
Oral Half dose corresponds Half dose

To the dose of long acting | divided by 3 injection

v' In patients > 80 y.o. or with
significant frailty, only basal
insulin can be administered

v' Systematic diabetologic advice
< 1 month

(basal) once / day of rapid insulin / day

Stop IV insulin when the first basal / bolus is injected

Example :

¢ last speed = 3 ml/h during last 24h : 3 ml x 24 h =72 ml =72 U Insulin / day
¢ Basal:72 U /2 =36 U Basal of long-acting insulin once a day
¢ Bolus:72 U /2=36U divided by 3 for each meal = 12 U rapid-acting insulin before each meal

3.3. Treatment at discharge for patients with T2D not previously
treated with insulin

Fig. 2 proposes an algorithm to determine the best glucose-
lowering treatment for ICCU discharge in patients with T2D without
previous insulin treatment. The algorithm includes patients in
whom diabetes has been discovered during hospitalization or who
were not previously treated. It is important to remember that dia-
betological advice has to be provided to these patients within the
first month following discharge, to adapt glucose-lowering thera-
peutic schemes.

Note that if a patient previously treated with oral glucose-
lowering drugs or GLP1-RAs has an HbAlc of>8.5% a
BMI<27kg/m?, recent weight loss or ketosis during hospital-
ization, a switch to insulin treatment has to be considered. The
diabetologist must be called in order to confirm and discuss the
insulin treatment regimen. When diabetological advice is difficult
to obtain, the patient can be discharged with only basal insulin
treatment following the doses used for intravenous insulin treat-
ment (Table 5) or adapted for age, BMI and eGFR; it is possible to
start with 0.2 U/kg/day when the BMI is 20-30 kg/m?, 0.3 U/kg/day
when the BMI is > 30 kg/m? or 0.15 U/kg/day when aged > 75 years
or the BMI is<20kg/m2 or the eGFR is<30mL/min/m2. In this
case, diabetological advice/hospitalization must be proposed in
less than 15 days following discharge.

First-line treatments that have shown positive cardiac effects
are marked with “1” and second-line treatments with “2”, to add
when glycaemic control remains suboptimal with the first-line
treatment. Indeed, SGLT2 inhibitors and GLP1-RAs have shown
strong and consistent benefits for the prognosis of patients with
diabetes and an established cardiac disease. It is important to
remember that the absence of hypoglycaemia induced by first-line
treatments allows their association straight away in accordance
with cardiological or renal indications, regardless of HbAlc and
mean glucose concentration (when they are prescribed without any
other antidiabetic treatment except metformin). SGLT2 inhibitors
and GLP-RAs can favour hypoglycaemia only if they are added to
other treatments that can induce hypoglycaemia (sulfonylureas,
glinides and insulin).

The glycaemic goal depends on the patient’s age and profile, and
must be determined with the diabetologist. In most patients, the
target is to obtain an HbA1c of < 7% without hypoglycaemic events
[91].

Four main situations are presented below: patients with HF
(primary or associated with another cardiac disease); patients
hospitalized for atherosclerotic disease or another cardiological
diagnosis; patients with eGFR < 30 mL/min/m2, who are considered
separately, whatever their main diagnosis, because several antidi-
abetic treatments are avoided or must be adapted; and patients
treated with haemodialysis.

Patients with HF are separated according to eGFR (>60 vs
30-60 mL/min/m?2). Patients with HF and eGFR>60 mL/min/m?
must be treated preferentially with SGLT2 inhibitors if the ejec-
tion fraction is > 30%. If the ejection fraction is <30%, a half dose of
metformin can be administered only if the patient is clinically stable
and no heart transplant or assistance is expected shortly. GLP1-RAs
can be administered if patients are stable. DPP-4 inhibitors, except
saxagliptin, can be administered, but only if other glucose-lowering
treatments are already administered, in the absence of concomitant
GLP1-RA treatment and if insulin treatment is not required. Sul-
fonylureas or glinides may be prescribed only after diabetological
advice. Similar recommendations can be made for patients hospi-
talized with acute HF and eGFR between 30 and 60 mL/min/m?,
except for metformin, which has to be used systematically at half
dose in this last case.

In patients with atherosclerotic or other cardiac disease
with eGFR>30mL/min/m?, a similar distinction must be made
according to eGFR (> 60 vs 30-60 mL/min/m2). In patients with
eGFR > 60 mL/min/m2, a GLP1-RA with metformin is the first-line
treatment for patients with CAD. SGLT2 inhibitors can be added as
first-line treatment in patients with a history of CAD, according to
the design of initial studies with SGLT2 inhibitors. DPP-4 inhibitors
can be used in the absence of concomitant GLP1-RA treatment. Sul-
fonylureas or glinides may be prescribed only after diabetological
advice, but must be positioned after the other classes because of the
risk of hypoglycaemic events and their potential cardiometabolic
risk. In patients hospitalized for atherosclerotic heart disease or
another cardiological diagnosis, when eGFR is between 30 and
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1 First line use it — Type 1 DM | e— hthaf‘l breforle
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B

v" Avoid SGLT2i in case of previous history of ketosis

Heart Failure Atherosclerosis / Other Atherosclerosis / Other GFR < 30 ml/min/m2 Hemodialysis
GFR =30 GFR > 60 GFR 30-60 No hemodialysis All diagnosis
1. INSULIN 1. INSULIN 1. INSULIN 1. INSULIN 1. INSULIN
1. 5GLT2j! 1, GLP1-RA * 1. SGLT2i 1. GLP1-RA * @ SGLT2i
4 MET (FE>30) 1. 5GLT2i * 1. GLP1-RA * M5 2i @ GLP1-RA
dose if or “ MET + 44 MET ¥% dose 4 DDP4i % dose 2 @ MET
, GL A 4 SGLT2i if no CAD * @ SULF / GLI @ MET @ DDP4i
@ SULF / GLI @ SULF/ GLI @ SULF / GLI & SULF / GLI
v" If HbALC < 8,5%, decrease usual insulin dose (basal and bolus) by 20% if SGLT2i is added to the treatment and by 30% if GLP1-RA is added
v" Do not add any other antidiabetic treatment including SGLT2i without diabetologic advice in type 1 diabetic patients

4 : according to residual renal function
* High evidence in patients with coronary artery disease
GFR in ml/min/m2

1: only if patients are clinically stables and there is no heart transplant or ossistance expected shortly
2 : only if no concomitant GLP1-RA treatment — Avoid saxagliptine in case of heart failure

Fig. 3. Algorithm for discharge of patients with type 2 diabetes previously treated with insulin from the intensive cardiac care unit. CAD: coronary artery disease; DPP-4i:
dipeptidyl peptidase-4 inhibitor; EF: ejection fraction; eGFR: estimated glomerular filtration rate; GLI: glinides; GLP1-RA: glucagon-like peptide-1 receptor antagonist:
HbA1c: glycated haemoglobin; MET: metformin; SGLT2i: sodium-glucose cotransporter 2 inhibitor; SULF: sulfamides. # Only if patients are clinically stable and there is no
heart transplant or assistance expected shortly. ® High evidence in patients with CAD. ¢ Only if no concomitant GLP1-RA treatment; avoid saxagliptin in case of heart failure.

d According to residual renal function.

60 mL/min/m?2, SGLT2 inhibitors must be proposed systematically
as a first-line treatment, in association with GLP1-RAs for patients
with CAD, and metformin has to be used at half dose.

In patients with eGFR < 30 mL/min/m?2, whatever the initial diag-
nosis, several warnings must be taken into consideration. GLP1-RAs
must be proposed as first-line treatment. For patients with HF,
SGLT2 inhibitors can be proposed in patients with enough residual
renal function. DPP-4 inhibitors may also be used in the absence
of concomitant GLP1-RA treatment. Glinides may be used, but only
after diabetological advice, because of their risk of hypoglycaemia.
Metformin and sulfonylureas are contraindicated. In this profile of
patients, insulin has to be discussed more rapidly than in other
groups because of a restricted panel of allowed glucose-lowering
treatments. It is therefore important to check glycaemic control
carefully in very insulin-resistant and elderly patients.

Finally, in patients treated with haemodialysis, insulin is the
only treatment allowed.

3.4. Treatment at discharge for patients with diabetes previously
treated with insulin

Fig. 3 presents the algorithm for the ICCU discharge of patients
with T2D treated with insulin before hospitalization. Specialized
diabetological advice has to be provided within the first month
after discharge in order to adapt the insulin regimen. First-line
treatments are marked with “1,” and the symbol “#i-4 ” describes
treatment that can be maintained if the patient was receiving treat-
ment before the acute cardiac event.

If the patient has T1D, the treatment must be similar to the
prehospitalization regimen. However, it is important to call the
diabetologist in order to check whether another insulin regimen
is not better suited. Other glucose-lowering treatments, such as

GLP1-RAs and SGLT2 inhibitors, can be added only after diabeto-
logical advice in this population. However, we have to remember
that SGLT2 inhibitors are contraindicated in patients with T1D.

In patients with T2D previously treated with insulin, for those
with HbAlc>8.5%, BMI<27 kg/m? or detection of ketosis during
hospitalization, the diabetologist must be called in order to discuss
the insulin regimen.

Apart from insulin treatment, it is important to remember that
SGLT2 inhibitors and GLP1-RAs have shown a strong and consistent
benefit in the prognosis of patients with T2D with cardiac disease,
including those already treated with insulin. Moreover, metformin
treatment is associated with a decrease in insulin resistance, which
allows lowering of the insulin dose. It is therefore mandatory to add
these treatments for patients with T2D with cardiac disease already
treated with insulin. Note that if a patient was previously treated
with basal insulin alone, a similar regimen can be proposed. The
diabetologist must be called in order to discuss the insulin regimen.

Three main cases are presented: patients with HF (primary or
associated with another cardiac disease); patients hospitalized for
atherosclerotic disease or with another diagnosis; and patients
with eGFR <30 mL/min/m2, who are considered separately, what-
ever their main diagnosis.

Patients with HF are separated according to eGFR (>60 vs
30-60 mL/min/m?2). Patients with HF and eGFR>60 mL/min/m?
must be treated with insulin and SGLT2 inhibitors. Metformin can
be added if it was already used before hospitalization and if the
ejection fraction is>30%. If not, the diabetologist will add met-
formin during the following consultation, if needed. If the ejection
fraction is <30%, metformin can be administered only if previously
administered and the patient is clinically stable and there is no
heart transplant or assistance expected shortly (we suggest that a
half dose should be considered in this latter case). GLP1-RAs may be
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When is calling for a diabetologist’s advice mandatory?
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* Immediately
e If capillary ketones > 3 mmol
* Insulin speed > 5 U ml/h after 24h of IV insulin treatment
e Glucose > 350 mg/dl for morethan 24h

« Before discharge
¢ HbAlc > 8,5 % at entry
* BMI < 27 kg/m2 orrecent weigth loss

¢ Type 1diabetes when you expect to add other antidabetic treatment including iSGLT2

e Patients have morethan 3 antidiabetic treatments

e After discharge
* Appointement < 1 month if insulin has been added to the treatment
e Appointement > 3 months for all other patients

BMI: body mass index; HbA1c: glycated haemoglobin; SGLT2: sodium-glucose cotransporter 2; IV: intravenous; T1D: type 1 diabetes.

administered if the patient is stable and there is no heart transplant
or assistance expected shortly. Sulfonylureas and glinides must be
avoided.

In patients with atherosclerotic or other cardiac disease, a
similar distinction must be made according to eGFR (>60 vs
30-60 mL/min/m?2). In patients with eGFR >60 mL/min/m?2, GLP1-
RAs are the first-line treatment added to insulin for patients with
CAD. SGLT2 inhibitors can be added as a first-line treatment in
patients with CAD according to the design of initial studies with
SGLT2 inhibitors. In patients without CAD, SGLT2 inhibitors can be
prescribed if the patient was already treated before hospitalization.
Metformin may be added if it was already used before hospitaliza-
tion. If not, the diabetologist will add metformin later if needed.
DPP-4 inhibitors can be used in the absence of concomitant GLP1-
RA treatment. Sulfonylureas and glinides must be avoided. When
eGFR is between 30 and 60 mL/min/m?2, SGLT2 inhibitors must be
proposed systematically as a first-line treatment, with secondary
prescription of GLP1-RAs in patients with CAD, and metformin at
half dose.

In patients with eGFR<30mL/min/m2, whatever the initial
diagnosis, GLP1-RAs can be proposed as first-line treatment in com-
bination with insulin in patients with CAD. SGLT2 inhibitors can
be added according to residual renal function. Metformin, sulfony-
lureas and glinides are contraindicated.

For patients treated with haemodialysis, insulin is the only treat-
ment allowed.

Finally, for patients with T2D treated with insulin, whatever
the patient’s profile, if SGLT2 inhibitors are added to the previ-
ous insulin treatment, a decrease in insulin dose (both basal and
bolus) of approximately 20% is recommended to avoid hypogly-
caemia. When GLP1-RAs are added to the treatment, a decrease of
30% of insulin dose (both basal and bolus) is recommended.

3.5. When is calling for a diabetologist’s advice mandatory?

AsshowninTable 6, calling for a diabetologist’s advice is manda-
tory during hospitalization in the ICCU if there is severe ketosis
(ketones > 3 mmol/L)if thereis an elevated speed of insulin infusion
(> 5mL/h) after 24 h of intravenous insulin treatment or if blood
glucose is elevated (> 350 mg/dL or 19 mmol/L) for more than 24 h.

A diabetologist’s advice is also mandatory before discharge if
HbA1c was > 8.5% at admission, if the BMI is <27 kg/m? or there has
been recent weight loss (situation suggesting potential deficit of
insulin secretion and possible indication for insulin treatment), if
the patient is receiving three or more antidiabetic treatments and

in case of a patient with T1D for whom initiation of treatment with
SGLT2 inhibitors or GLP1-RAs is discussed for cardiological reasons.
We have to remember that SGLT2 inhibitors are contraindicated in
patients with T1D because of a high risk of ketoacidosis, and that
the cardiovascular benefit of GLP1-RAs has not been shown in T1D.

Finally a diabetologist’s advice is mandatory shortly after hos-
pitalization in cardiology if there is a diagnosis of diabetes during
hospitalization in cardiology or initiation of a new diabetic treat-
ment during hospitalization in cardiology.

4. Conclusions

Taking account of the increased risk of death and morbidity in
patients with diabetes with cardiac disease, and the impressive
benefits of new antidiabetic treatments, it appears mandatory to
seek to optimize antidiabetic treatment during hospitalization for
an acute cardiac problem. This consensus paper can help cardi-
ologists working in ICCUs to optimize the antidiabetic treatment
of their patients, and can inform cardiologists about situations in
which calling the diabetologist is mandatory.
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