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I ntroduction

Type 2 diabetes is a major risk for cardiovascuatarbidity and mortality (1,2). The
increased risk for coronary artery disease is dirgmesent at mildly elevated levels of blood
glucose still below the threshold for diabetes (398)e prevalence of diabetes or abnormal
glucose metabolism is very high in patients praegnwith an acute coronary syndrome
(ACS). Indeed, among patients hospitalized for 85A30% to 40% have diabetes, 25% to
36% show impaired fasting glucose (IFG) or impaigiatose tolerance (IGT) and only 30%
to 40% have normal glucose tolerance (6-9). In tamdi the prognosis after an ACS is
impaired in diabetic patients (9). Thus diabetes caring and in the immediate follow-up of
an ACS is an important issue. So far, recommendationdiabetes treatment during an ACS
are limited. There is clearly a lack of specifiadglines with regard to glucose management
in ACS patients. There is no consensus statemetiteonse of non-insulin treatments during
and in the immediate follow-up of an ACS. Furtherejocardiologists have no clear
recommendations on when to refer a patient to betlidogist/diabetology team during and
following an ACS. In addition, in patients presegtwith an ACS, without previously known
diabetes but with hyperglycaemia, there is a newdaf clear diagnostic pathway for the

diagnosis and the management of abnormal glucosgboiesm (IFG/IGT) and diabetes.

For these reasons the Diabetes and Cardiovasbidaanse study group of the SFD
(Société Francophone du Diabéte), in collaboratidth the SFC (Société Francaise de
Cardiologie), has decided to set up a consenstesrstat on the "Care of the hyperglycaemic
/diabetic patient during and in the immediate folop/ of an acute coronary syndrome". The
aim was to write a consensus statement with regatide hyperglycaemic/diabetic patient at
different times of an ACS (the Intensive Care UI@tU] period, the post-ICU period and the
short-term follow-up after discharge including dacdrehabilitation), embracing all of the

different diagnostic and therapeutic issues andinmaping the collaboration between



cardiologists and diabetologists. We have usethisrconsensus, the recommendation grades
according to the French HAS; Level A: establishergific proof (based on high quality
randomized comparative trials or meta-analysis afdomized control trials), level B:
scientific hypothesis (based on low quality randoedi comparative trials, well-run non
randomized comparative studies or cohort studied)lavel C: low level of proof (based on

case-control studies) (10).

|) Screening for glucose metabolism disordersin patientswith an acute

coronary Syndrome

Stress hyper glycaemia

Patients with known diabetes have a greater riskAGIS than their non-diabetic
counterparts. Epidemiologic data show that the peexa of known diabetes in patients
referred for ACS is 30% or more. Known diabeteal$® associated with a poor prognosis of
ACS (11-13). Stress can also facilitate the devetmnof abnormal glucose metabolism.
Therefore, stress hyperglycaemia is common in piatieith ACS and is a powerful predictor
of in-hospital survival (14). It is also associatedth an increased risk of in-hospital
complications in patients both with and withoutagdished diabetes mellitus (15). Thus,
elevated blood glucose can be considered as a mafrkehospital complication. It has also
been suggested that tight control of glucose vatlietng the acute phase could improve
survival, which justifies the routine measuremenghifcose levels at admission. However,
the admission level of glucose is not recognizedh aiagnostic criterion for intermediate
hyperglycaemia or diabetes (16,17). Furthermoregamnot predict the classification of
glucose tolerance after the ACS (18). Admissiorcgde levels should therefore not be used
to classify glucose tolerance, but rather to iteti@arly insulin treatment. The glucose
metabolism status in patients with ACS should ttoeeebe based on classical diagnostic

criteria.



Definition and classification of intermediate hyper glycaemia and diabetes:

The criteria currently used in France (17) are ¢hestablished by the World Health
Organization and based on the level of fastingméaglucose (FPG) and/or the glucose level
2 hours (2hPG) after an oral 75g glucose load (IBg oral glucose tolerance test (OGTT)
should be performed in the morning, after a 12-héast (FPG) and includes PG
measurements before and 120 minutes (2hPG) afiégaglucose load given in 200 ml of
water ingested within 5 minutes. If possible, paseshould be given 250 g of jam in the
afternoon before the OGTT to compensate for anyigus restriction of carbohydrate
(19,20). The OGTT may be performed outside hospidébetes is defined as FPt7.0
mmol/L (126 mg/dl) or 2hPG11.1 mmol/L (200 mg/dL). IFG is defined as FP®.1
mmol/L (110 mg/dL) and <7 mmol/L and IGT is definesl 2hPG>7.8 mmol/L (140 mg/dL)
and <11.1 mmol/L (16). The American Diabetes Asstomn has recommended decreasing
the FPG threshold from 6.1 to 5.6 mmol/L (100 mg/ttidefine IFG and therefore to replace
the OGTT with the new FPG criterion (21). The catrérench diagnostic criteria that define
prediabetic states (IFG and/or IGT) and diabetesammarized in Table 1.

An international Expert Committee has recently psgul to use HbAlc as a diagnostic
criterion for diabetes (HbAle 6.5%) and to identify subjects with a risk forute diabetes
using a thresholg 6.0% (22), which was lowered to 5.7% by the expeftthe American
Diabetes Association (21). To date, the use of HbAiks a diagnostic criterion for
intermediate hyperglycaemia or diabetes is not recended in France.

Screening for undiagnosed glucose metabolism disorders

Which diagnostic test?

European epidemiological studies show that the gleewe of abnormal glucose
metabolism at discharge (6), two (23), three (&) @velve months thereafter (24) is very high
not only in ACS patients with known diabetes, blgoan those without known diabetes:

about 1/3 have diabetes and another 1/3 interneetigterglycaemia. This prevalence was



reported to be almost twice as high in patienth WECS as in matched controls (25), and very
high in series of patients referred for coronargiagraphy (26) or for an elective consultation
in cardiology (23). The OGTT is needed for the appiate classification of glucose tolerance
in patients with ACS (5,27). Very consistently, foeming the FPG test alone leads to the
underdiagnosis of dysglycaemic states in 2/3 akptd with ACS (6,18, 25). This is also true

when 5.6 rather than 6.1 mmol/l is used as the Ei€shold to define impaired fasting

glucose (28). OGTT has recently been recommendeal Byropean expert committee in all

patients after an ACS (20).

There are few data about the use of HbAlc as andsig criterion for diabetes or
intermediate hyperglycaemia after an ACS. In thebllyAlc is very interesting as it reflects
exposure to hyperglycaemia during the previous Aéhths and therefore the result is not
influenced by the stress due to the ACS. Howevadiss on series of patients without acute
disease show that strategies using OGTT or HbAlnada@iagnose the same patients: there is
increasing evidence of discrepancies between thestreening methods for the classification
for dysglycaemia (29-32). It has been reported #unhission HbAlc correlates with the
presence of diabetes after the ACS (6) and witlatamormal OGTT three months after the
ACS, with an adjusted odds ratio of 3.8 [1.8-7.8f &n HbAlc > 5.7% (33). However,
admission HbA1c values in patients with or withdigbetes three months thereafter largely
overlap (6,33). For example, admission HbAlc wa8+@5% in patients without and
5.24+0.7% in patients with diabetes three monthes Ig).

Nonetheless, after an ACS, HbA%X®%.5% has been shown to have a positive predictive
value of 100% to predict a 2hPG vakid 1.1 mmol/l and might therefore be used instead of
the OGTT to diagnose diabetes after an ACS (18).

When to test?

The admission glucose level does not appear to haredictor of the long-term

glucometabolic state (18). Furthermore, an OGTTgoered very early after a myocardial



infarction with ST-elevation does not provide rbla information on the long-term

glucometabolic state (33). OGTT results at hospiiastharge in patients with ACS were
compared with those three months thereafter (3#)h&se with a normal OGTT at discharge,
48% had IGT and 4% diabetes 3 months thereafteornthose with diabetes, according to
OGTT, at discharge, 53% still had diabetes, 32% I&0 and 15% had normal OGTT 3

months thereafter. The result of an OGTT perfornmedCS patients at hospital discharge
also provides reliable information on the glucorbeter state at 12 months. For example,
among 42 patients with diabetes at discharge, tG&@ Owas still abnormal, in almost all

cases, 12 months after the ACS: 12 patients hadal@IT27 still had diabetes (24).

Should the OGTT be reassessed later after the AG8&nhwpatients are in a stable
condition? Wallandeet al. reported the results of the OGTT 3 and 12 monttes an ACS.
The 38 subjects with a normal OGTT 3 months afierACS had the following OGTT results
9 months thereafter: 22 normal, 12 IGT and 4 typkabetes (24). Thus a repeat OGTT could
identify 42% of subjects with abnormalities.

Who to screen?

The very high prevalence of abnormal glucose méisrhafter an ACS may justify a
very systematic diagnostic approach. However, thesesome predictive factors, such as age
(28,33), female gender (33), metabolic syndrome ,(3ph body mass index (6),
hypertension (34), insulin resistance (34), low H&Molesterol level (28), FPG (6,28,33) and
HbAlc (6,28,33). But, the values of these paramsegeeatly overlap and they are therefore
not clinically relevant in a screening strategy.

A model to classify patients into normal glucosestahce, IGT and diabetes was built
from FPG, HDL-cholesterol, age and log-HbAlc (ZB)is model misclassified 44% of the
patients, of whom 18% were overdiagnosed and 26#% wederdiagnosed. Furthermore, low
HbAlc cannot predict a normal OGTT. For example,HbAlc < 5.0% has a negative

predictive value of around 50% for an abnormal 2l8R@onths after an ACS (18).



Consensus statement

1- Admission glucose (Level A) asfasting plasma glucose (Level A) andHbAlc (professional

agreement) on the first day after the ACS shouldhbasured in all patients.

2- Admission glucose diagnoses stress hyperglycaemia and leads toténigarly insulin
treatment if admission glucose 180 mg/dL (10.0 mmol/L) (Level A). However, the

admission glucose level cannot predict glucose Inoditan disorders in stable conditions

after the ACS (Level B).

3- Fasting plasma glucose should be used to manage treatment (Level A).

4- Subjects with HbAle 6.5% may be considered diabetic (professionalemgeat).

5- In patients with no known diabetes and HbA1c596 glucose metabolism disorders after
an ACS should be assessed using the OGTT (LevedAjneasuring only FPG leads to
the underdiagnosis of dysglycaemic states in 2f3atients (Level A). The OGTT should
be performed 7 to 28 days after the ACS, in staloleditions (Level B), often after
discharge because the mean duration of hospitalizafter an ACS is usually less than 7

days. The diagnostic criteria are similar as thesed in subjects without a cardiovascular

history (Table 1).

Fasting plasma glucose 2 hours after an oral glucose load (7&ghg/dL (mmol/L)

in mg/dL (mmol/L) <140 (7.8) 140-199 (7.8-11.0) _ 200 (>11.2)
<110 (6.1) Normal IGT Diabetes
110-125 (6.1-6.9) IFG IFG and IGT Diabetes
> 126 (7.0) Diabetes Diabetes Diabetes

Table 1. Criteria for the diagnosis of glucose metabolismmorters. IGT: Impaired
Glucose Tolerance; IFG: Impaired Fasting Gluco3éde(OGTT should be

performed 7 to 28 days after the ACS, in stabledtmms)




|1) Diabetes carein cardiology intensive car e units

Patients with diabetes mellitus are at an increas&dor myocardial infarction (2).
Poor glycaemic control in diabetic patients andssrhyperglycaemia in non-diabetic patients
are associated with worse outcomes after acute angiat infarction (MlI) (9) but it is not yet

clear whether strict glycaemic control during addiehospitalizations improves outcomes.

Does intensive antidiabetic treatment in a cardiology intensive care unit provide any
benefit?

Glycaemic control is not optimal in hyperglycaematients hospitalized for an ACS.
It has been shown that 28% of the patients hogmthlfor an ACS and with admission
glucose= 11 mmol/L (200 mg/dL) received no antidiabeticatreent (35). However, does
intensive antidiabetic treatment in a cardiologginsive care unit provide any benefit?

Some studies have shown that intensive insulirirtresat is beneficial. In the DIGAMI
trial, 620 diabetic patients with an acute MI and a blghdose concentration > 11 mmol/l
(200 mg/dL) were randomly assigned to an insuluegse infusion for 24 hours followed by
subcutaneous insulin four times daily for3 months or standard treatment with insulin
therapy only if clinically indicated (36). The tatgblood glucose level for patients assigned
to the insulin-glucose infusion was 126 to 196 rag/dto 10.9 mmol/L). At randomization,
the mean blood glucose was about 280 mg/dL (15.®lhn The mean blood glucose was
significantly lower with intensive insulin at 24 s (173 vs. 211 mg/dL [9.6 vs. 11.7
mmol/L]) and hospital discharge (148 vs. 162 md@I2 vs. 9.0 mmol/L]) At randomization,
HbAlc was 8.1%. The reduction in HbAlc at three ther{1.1 vs. 0.4%) and one year (0.9
vs. 0.4%) was significantly greater in patientshwittensive insulin therapy. Mortality at one

year (19 vs. 26%) and at 3.4 years (33 vs. 44%)sigasficantly lower in the group assigned



to the more aggressive insulin therapy (36). Theagst reduction in mortality was seen in
low-risk patients who had not been receiving insydrior to the infarction. Since DIGAMI
also included outpatient insulin therapy, the ismlaeffect of in-hospital glycaemic control
could therefore not be easily assessed. The olismrahstudy of\eston et al, conducted in
50,205 patients hospitalized for an ACS, showed thsulin treatment was beneficial in
patients with no history of diabetes but an adrois$ilood glucose levedl 200 mg/dL (11.0
mmol/L) (35). Compared with those who received limswafter adjustment for age, gender,
co-morbidities and admission blood glucose conetiotn, patients who were not treated with
insulin had a relative increased risk of death ¢fo>& 7 days and 51% at 30 days (HR 1.56,
95% CI 1.22 to 2.0, p, 0.001 at 7 days; HR 1.52695l 1.22 to 1.86, p, 0.001 at 30 days)
(35).

Critically ill medical and surgical patients whoeahyperglycaemic have a higher
mortality rate than patients who are normoglycae{®i). Patients who died had significantly
higher admission blood glucose levels (175 vs.mgldL [9.7 vs. 8.4 mmol/L]), mean blood
glucose levels (172 vs. 138 mg/dL [9.5 vs. 7.7 mibjhland maximum blood glucose levels
(258 vs. 177 mg/dL [14.3 vs. 9.8 mmol/L]) than thasho survived (37). There was a graded
effect, with higher mortality among patients whadHagher blood glucose levels. Mortality
ranged from 10 % in patients with a mean blood agedevel between 80 and 99 mg/dL (4.4
and 5.5 mmol/L) to 43 % in patients with a mearodiglucose level greater than 300 mg/dL
(16.6 mmol/L). Hyperglycaemia is also associateth wiorse outcomes in several subgroups
of critically ill medical patients, including paties with stroke or acute myocardial infarction.

However, the benefit of intensive insulin treatméas not been observed in other
studies. The value of insulin therapy was furtheidied in the DIGAMI-2 trial, in which
patients with type 2 diabetes and acute MI werelgenly assigned to one of three glucose
management strategies: group 1, inpatient insalmsion/outpatient intensive subcutaneous

insulin therapy; group 2, inpatient insulin infusioutpatient standard treatment; or group 3,



inpatient/outpatient routine glucose managementraaeg to local practice (38). Although it
was anticipated that mortality rates would be lawesgroup 1, they were similar in all three
groups. However, there were a number of problenth this study that interfere with the
interpretation of the results. Glycaemic contrahieth was expected to be the best in group 1,
was also similar in the three groups. The ovenadingé rate was lower than expected in all
groups (perhaps due to improved benefit from reawsh procedures and to the
implementation of other secondary prevention sgiat), which may have attenuated any
statistical differences between groups. The triakvstopped earlier than planned due to a
failure to recruit an adequate number of patiesitsse less than 50% of the required patients
were recruited, the power to detect a differenceragrthe treatment groups was substantially
reduced. The possible benefit of more intensiveagaacontrol in patients with an acute Mi
and either a history of diabetes or an admissia@odlglucose level 140 mg/dL (7.8
mmol/L) was evaluated in the Hyperglycemia Intendiva&ulin Infusion in Infarction (HI-5)
study (39). In this trial, 240 such patients weaerdomly assigned to conventional therapy or
to an insulin/dextrose infusion to maintain thedalglucose level between 72 and 180 mg/dL
(4 and 10 mmol/L) for at least 24 hours. After 2durts, the patients were managed with
standard care by their own physicians with a recemaed HbAlc of less than 7%. There
was no difference in the primary end-point of miagtan-hospital or at three or six months.
However, HI-5 was seriously flawed by the small la@mof patients, the lack of blinding, the
maintenance of glycaemic control for only 24 howsd the failure to attain a significant
difference in mean 24-hour blood glucose betweeniritensive therapy and control groups
(149 vs. 162 mg/dL [8.3 vs. 9.0 mmol/L]) (39). Sebsnalysis found that mortality, in-
hospital (0 vs. 7%) and at three and six month¥94211%), was considerably lower in
patients who had a mean blood glucose led&l4 mg/dL (8.0 mmol/L) during the first 24

hours.

10



Meta-analyses have been performed in an efforbhsalidate the data from numerous
randomized trials. One such meta-analysis of 18aamzed trials (10,140 patients) compared
the effect of tight glucose control (defined asaeyét blood glucose levell50 mg/dL [8.3
mmol/L]) to less stringent glycaemic control in mtkmedical and surgical ICU patients (40).
Mortality in patients with tight glucose control svaimilar to that in patients with less

stringent glycaemic control (26.7 vs. 25.6%, rekatiisk 0.99, 95% CI 0.87-1.12) (40).

Risk of hypoglycaemia

Intensive insulin treatment has been shown to Becasted with an increased risk of
hypoglycaemia (37). During such treatment, hypaggynia, when defined as blood glucose
<40 mg/dL (2.2 mmol/L), occurs in up to 19% of pats, or up to 32% of patients when
defined as blood glucose <60 mg/dL (3.3 mmol/L) (3R)poglycaemia can lead to seizures,
brain damage, depression, cardiac arrhythmia ahddd). As part of a retrospective cohort
study of more than 5000 medical and surgical @iitycill patients, a nested case-control
study found that blood glucose <40 mg/dL (2.2 mijoWas an independent risk factor for
death after adjustment for severity of the illnemge, mechanical ventilation, renal failure,
sepsis, and diabetes (adjusted odds ratio 2.28, @$%1.41-3.70) (42). The risk of
hypoglycaemia was also evaluated in the large naiiter Normoglycemia in Intensive Care
Evaluation Survival Using Glucose Algorithm Regidat (NICE-SUGAR) trial, which
randomly assigned 6,104 medical and surgical ICllepts to either intensive insulin
treatment (target blood glucose level of 81 to d@ifdL [4.5 to 6 mmol/L]) or conventional
glucose control (target blood glucose of <180 mg[dlLlO0 mmol/L]) (43). Although the
conventional glucose control group was defined doylya maximal blood glucose target, the
insulin infusion was reduced and then discontinfi¢de blood glucose level dropped below
144 mg/dL (8.0 mmol/L). Compared with the convengsibmglucose control group, the

intensive insulin treatment group had a signifibaldwer time-weighted blood glucose level
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(115 vs. 144 mg/dL [6.2 vs. 7.9 mmol/L]), a siga#ntly higher incidence of severe
hypoglycaemia (6.8 vs. 0.5%), defined as a bloodage <40 mg/dL and significantly higher
90-day mortality (27.5 vs. 24.9%, odds ratio 193% CI 1.02-1.28) (43). In the subgroup of
2,232 surgical patients, mortality was significgritigher in those who received intensive
insulin treatment than in those who received coneaat glycaemic control (24.4 vs. 19.8%,
odds ratio 1.31, 95% CI 1.07-1.61). The Volume #tlion and Insulin Therapy in Severe
Sepsis (VISEP) trial was a multicenter two-by-tvaatbrial trial conducted in medical and
surgical ICU patients with severe sepsis (44)olnpared intensive insulin treatment (target
blood glucose level of 80 to 110 mg/dL [4.4 to éanol/L]) with conventional glucose
control (target blood glucose level of 180 to 20§/ah [10 to 11.1 mmol/L]), as well as
comparing two methods of volume resuscitation. Fensive insulin treatment arm of the
trial was stopped after 488 patients had been ledrdlecause intensive insulin treatment
significantly increased the rate of hypoglycaeniia.{ vs. 2.1%) and serious adverse events
(10.9 vs. 5.2%). The trial then continued with op§tients in the conventional therapy group
until 537 patients had been enrolled. Analysishef data at the end of the study showed that
patients in the intensive insulin treatment grou@ significantly lower mean morning blood
glucose (112 vs. 151 mg/dL [6.2 vs. 8.4 mmol/L]) andre frequent hypoglycaemic events
(blood glucose<40 mg/dL [2.2 mmol/L]; 17 vs. 4.1%) than did thasethe conventional
glucose control group. There was no significanfiedénce between the two groups for 28-day
mortality (24.7 vs. 26.0% in the conventional glueaontrol group), morbidity, or organ
failure, and a non-statistically significant incsean 90-day mortality in the intensive insulin
treatment group (39.7 vs. 35.4%) (44). The Gluadntrial was a multicenter trial that
randomly assigned 1,101 critically ill medical asdrgical patients to intensive insulin
treatment (target blood glucose of 80 to 110 md4l¥ to 6.1 mmol/L]) or conventional
glucose control (target blood glucose of 140 to af®fJdL [7.8 to 10 mmol/L]) (45). The trial

was terminated early because of a high rate of end#d protocol violations. Intensive
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insulin treatment significantly increased the raftdnypoglycaemia (8.7 vs. 2.7%) (45). There
was no difference in ICU mortality, although theemsive insulin treatment group had a non-
significant trend towards higher 28-day mortalitydain-hospital mortality. A retrospective

study performed in 7820 patients hospitalized fmutea Ml has reported that hypoglycaemia
was associated with increased mortality in patietstreated with insulin, but not in those
treated with insulin (46).

In summary, data from the literature show thatmixed populations of critically ill
medical and surgical patients, intensive insuleatment (target blood glucose of 80 to 110
mg/dL [4.4 to 6.1 mmol/L]) increases the incidenzie severe hypoglycaemia and may
increase mortality, when compared with the morenigsive blood glucose ranges of 140 to

180 mg/dL (7.8 to 10 mmol/L).

Which insulin infusion protocol?

Intravenous infusion of insulin is usually recommed, with concomitant infusion of
glucose. In the review oMlson et al., twelve different insulin infusion protocols, used
critical care, were reported and showed great bait\a The areas of variability included
differences in initial insulin dose, titration afsulin, use of insulin bolus, glycaemic targets
and method of insulin protocol adjustments (47) Gantity of insulin injected ranged from
26.9 units/day to 115 units/day with a mean of 6@rits/day. In most of the reported
procedures, 75% of the daily insulin dose was atht@red when blood glucose was above
200 mg/dL (11.0 mmol/L). This great variability imotocols reflects the lack of consensus in

the delivery of intravenous insulin in critical ear

Consensus statement
1- In cases ofunknown diabetes, continuous insulin treatment has to be initiatduen

admission blood glucose level#s180 mg/dL (10.0 mmol/L) (level A).
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2- In cases opreviously-known diabetes:

¢ Continuous insulin treatment has to be initiatdgtmwadmission blood glucose level is
> 180 mg/dL (10.0 mmol/L) and/or pre-prandial gluedsvel is> 140 mg/dL (7.77
mmol/L) during follow-up in an intensive care u(igvel A).
¢ All other antidiabetic treatments should be segppduring hospitalisation in
cardiology intensive care unit (professional agreeth
¢ If the patient had known diabetes treated withulinsand admission blood glucose <
180 mg/dL (10.0 mmol/L) and/or pre-prandial gluces&40 mg/dL (7.7 mmol/L) during
follow-up in an intensive care unit, the insulirgiraen used prior to hospitalization can
be continued (professional agreement).
3- A blood glucose target of 140 to 180 mg/dL {20 mmol/L) is recommended for most
patients, rather than a more stringent target 6ft©1140 mg/dL (6.1 to 7.7 mmol/L) (Level
A).
4- A blood glucose target < 110 mg/dL (6.1 mmoi4_hot recommended (Level A).
5- The recommended insulin treatment is contindgugasulin infusion with a pre-prandial
bolus (see proposed protocol below). Insulin dosadebe adapted to capillary glucose
measurements (level A).
6- In patients on continuous IV insulin infusioodd (capillary) glucose will be monitored
1 hour after initiation, then every 2 hours (lexl
7- In hyperglycaemic/diabetic patients not on ammbus IV insulin infusion, blood
(capillary) glucose will be monitored before eackai 2 hours after meals and at bed time
(professional agreement).
8- In cardiology intensive care units, the treatnudrdiabetes that requires insulin needs to

be performed by an experienced team including laedidogist (professional agreement).

14



A protocol for insulin administration in cardiology intensive care unit and a
protocol for transition from intravenous to subcutaneous insulin are given in the

addendum.

[11) Diabetes care during hospitalization in a post-intensive car e unit

Following the period in intensive care unit, insulreatment is not mandatory for
every patient with diabetes, and other antidiabieiatments may be considered. The choice
of the optimal treatment for diabetes depends @nrtetabolic profile of the patient. In

situations of uncontrolled diabetes (HbA18%), referral to a diabetologist is recommended.

Metformin
In UKPDS, monotherapy with metformin (with a meaosd of 2550 mg/day), in

diabetic patients with a BMt25 kg/nf was associated with a significant decrease in dvera
mortality (-36%), in myocardial infarction (-39%@nd there was a non-significant decrease in
stroke (-41%) when compared with treatment witHaswllureas or insulin (48). These data
led to recommendations for the use of metformialiroverweight or obese patients with type
2 diabetes. However, patients in UKPDS were newdgitbsed type 2 diabetic patients
mostly in primary prevention. Very few data on methin after myocardial infarction are
available. Many case-control studies have shownctezhs in cardiovascular morbidity and
mortality with metformin (versus sulfonylureas) (49Pne meta-analysis showed that
metformin treatment was associated with a sigmtiadecrease in cardiovascular mortality
(OR: 0.74; IC 95%: 0.62-0.89) when compared witheotantidiabetic treatments (50). The
association between metformin treatment and muoyrthls recently been analyzed in 19,699
patients with type 2 diabetes and a history of ioascular disease from the REACH
(Reduction of Atherothrombosis for Continued Hegltbgistry (51). During the two-year

follow-up a significant reduction in mortality (HR 0.67 p < 0.0001) was observed with
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metformin (51). After adjustment for age, genderd ather potential confounding factors,
metformin treatment remained associated with aifsignt reduction in all-cause mortality

(adjusted HR = 0.76; p < 0.001) (51). This benefiis also observed in patients with renal
failure or with a history of congestive heart faduwhich are usually considered contra-
indications for metformin (51). In the DIGAMI 2 sty, metformin was associated with a
significant reduction in non-fatal cardiovasculaveets after two years of follow-up,

(myocardial infarction, stroke) (HR 0.63, IC 95%48-.0.95; p = 0.03) (52). In the same
study, after 4 years of follow-up, treatment witletformin was associated with a significant
decrease in all-cause mortality (HR: 0.62; IC 959#7-0.90, p=0.01) and a significant
decrease in cancer mortality (53). Although no peasive studies with metformin have been
performed in patients with type 2 diabetes aftelA@$, data from case control studies and
DIGAMI 2 suggest that the use of metformin in swttuations may be recommended. In a
Danish study performed in 10,920 patients hospedlifor heart failure between 1997 and
2006, treatment with metformin was associated vaithow risk of mortality in diabetic

patients compared with treatment with a sulfonyduoe insulin (54). However, its use is not
recommended in situations of uncontrolled cardiatufe or renal failure. In addition,

metformin has to be stopped before coronary angpigy.

Sulfonylureas

Results obtained from the UGDP trial showed a pg@kmcrease in cardiovascular
risk in patients treated with first-generation salflurea (55). Controversial experimental
studies have suggested that as sulfonylurea bm#és-tchannels it might impair myocardial
preconditioning, a natural cardioprotective mechkiamito varying degrees. In experimental
models of ischemia, coronary artery vasodilatatieas impaired in animals subjected to

sulfonylurea treatment (56).
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Several observational studies were unable to estaldn association between
sulfonylurea treatment and the occurrence of AC®weéver, a recent retrospective
observational study based on the UK General Pea&Esearch database suggested a greater
incidence of cardiovascular death and congestiagt fi@ilure in patients on sulfonylurea than
in those on metformin (57). In intensification tsissuch as UKPDS and ADVANCE no
increase in cardiovascular risk was found whentrmeat was intensified by sulfonylurea
(58,59), and in an earlier study no association regerted between the size of myocardial
infarction and previous treatment with glibenclam{@®). However, observational studies in
patients who underwent coronary angioplasty aftgocardial infarction have shown an
increase in cardiovascular mortality in those offosylurea, which was attributed to a
deterioration in preconditioning (61). Similar finds were obtained in a case-control study,
which reported a 30% increase in cardiovasculathdé&dlowing myocardial infarction in
patients treated with first-generation sulfonylyréacluding glibenclamide (62). Several
recent pharmaco-epidemiological studies failedeteeal any increase in cardiovascular risk
due to exposure to second-generation sulfonyluitea ACS (63-66). However, in the Danish
registry, cardiovascular risk was higher in pasemteated with sulfonylurea, with the
exception of gliclazide, than in those on metforn(®7). Data from the sulfamide-treated
patients of the nationwide French Registry of AcB€-Elevation and Non-ST-Elevation
Myocardial Infarction in 2005, have shown that irspibal mortality was significantly lower
in patients receiving pancreatic cells-specificfauwlureass (gliclazide or glimepiride)
(2.7%), compared with glibenclamide (7.5%) (P =1@)) indicating potential differences
between the different sulfonylurea drugs (65). Hesveall of these non-randomized studies
are prone to inclusion bias despite multiple adpgstts. In the DIGAMI 2 trial, no increase in
cardiovascular complications was observed in time @meated with oral antidiabetic agents
following an ACS. Nonetheless, only one third of thatients were treated with sulfonylurea

in this arm (53).
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Glinides

Repaglinide is able to bind myocyte K+ channeldwaitiower specificity toward beta
cell K+ channels than is the case with second-geioer sulfonylurea. Only limited and/or
indirect data are available about cardiovascuskr fiollowing ACS. In the NAVIGATOR trial
designed to compare nateglinide with placebo ireotd assess cardiovascular risk and the
occurrence of diabetes in glucose-intolerant subjat high cardio-vascular risk, no increase
in cardiovascular morbidity and/or cardiovasculasrtality was found (68). In the Danish
registry, no firm conclusions can be drawn due kach of statistical power, though there was
a trend towards a higher cardiovascular risk wiihides than with metformin (OR 1.29
(0.86-1.94)) (67). No data about glinides were lakdée in the French registry of intensive

care units.

Acarbose

Acarbose acts mostly to decrease blood glucosehén post-prandial phase. In
experimental models of ischemia reperfusion a deeren the size of the necrotic lesion was
reported (69) and type 2 diabetic patients on asmlshowed a greater improvement in
endothelial function in the post-prandial phasetti@ those on nateglinide (70). A lower risk
of cardiovascular adverse events was observeduoogé-intolerant patients treated with
acarbose versus placebo in the STOP-NIDDM trial, AZ1 Treatment with acarbose was
associated with a lower risk of myocardial infasatiin a meta-analysis of 7 clinical trials
performed in patients with type 2 diabetes (hazeatle=0.36 [95% CI 0.16-0.80], P=0.012)
(73). Acarbose is currently being tested in Chimgatients with CVD and prediabetes in a

placebo-controlled study looking at cardio-vascelents and the new-onset of diabetes.
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Pioglitazone

Pioglitazone, by its action on the nuclear PPAReroxisomal proliferator activated
receptor) receptor ameliorates insulin sensitigitg glucose control. In addition, pioglitazone
decreases plasma triglycerides and increases HDlesteml. Pioglitazone does not modify
plasma level of LDL cholesterol whereas rosiglitazomwhich was withdrawn from the
European market in 2010, was known to increasamaalsDL cholesterol. Several studies
have shown a reduction in inflammatory markers l{sas CRP) and an improvement in
endothelial dysfunction in patients on pioglitazolmethe PROactive study, pioglitazone was
combined with the usual antidiabetic treatment gusrplacebo) in patients with type 2
diabetes and cardiovascular disease. Pioglitazuhgced a non-significant reduction in the
primary endpoint, which included leg amputation dad revascularization, and led to a
significant reduction in major cardiovascular eger(tl6%) (74). In addition, in the
PROactive study, among the 2445 patients with dofyisof myocardial infarction,
pioglitazone induced a significant 28% reductiorreourrent myocardial infarction (p=0.04)
and 37% reduction in ACS (p=0.03) (75). A meta-gsial confirmed the benefit of
pioglitazone on ischemic cardiovascular events,dbstt showed an increase in heart failure
(76). Another meta analysis of controlled studiem@domized trials and cohort studies) in
patients with diabetes and heart failure showetightazones were associated with increased
risk of hospital admission for heart failure butttwreduced all cause mortalify7). In the
PROactive study, the incidence of heart failure wageased with pioglitazone versus
placebo (7.5% vs. 5.2%), but with no increase iarhéailure-induced mortality (1.4% vs.
0.9%) (74). Pioglitazone promotes sodium retentiad thus may inflate blood volume and
decompensate pre-existing heart failure withoutaasing mortality.

All the available data confirm the global cardiomalar benefit of pioglitazone in
patients with type 2 diabetes and a history of maydial infarction, with a significant

reduction in the risk for a recurrent fatal or rfatal event. One complementary analysis
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suggested that the cardiovascular benefit of gempne in PROactive may partly be due to
the increase in plasma HDL cholesterol (78). The ab pioglitazone has recently been
suspended in France due to concerns on bladdeercask, but pioglitazone is still available
in most of the countries in the world with the apm@l of European (EAMA) and American

(FDA) drug agencies.

GLP-1 (Glucagon-Like Peptide-1) agonists

GLP-1 agonists reduce hyperglycaemia by enhanajhgcose-induced insulin
secretion and inhibiting glucagon production. Théso reduce gastric emptying and appetite.
Some experimental and clinical studies suggest @&1d?-1 may protect the heart against
ischemia/reperfusion injury and improve left vetl&i contractility and endothelial function
(79-82).

Exenatide. In a 12-week controlled study versus placeboenakde did not
significantly modify heart rate or blood pressur@though mean body weight was
significantly reduced (-1.5 +/-0.6 kg vs. placel®3)( Patients with a recent cardiovascular
event were excluded from the study. A recent amalgd data from health insurance
organizations suggests, after adjustment for piaeabnfounding factors, a cardiovascular
benefit of exenatide (adjusted HR=0.81 [0.68-0.95% 0.01) (84). Here also, patients with a
recent cardiovascular event were excluded fromghaty. In a meta-analysis of 12 controlled
randomized studies with exenatide, which also ihetlidiabetic patients with a history of
cardiovascular disease, a non-significant decrease the pre-specified endpoint
(cardiovascular death, myocardial infarction, isalestroke, revascularization) (OR= 0.70
[0.38-1.31];p > 0.05) was observed (85).

Liraglutide. An analysis of the pooled data from clinical Igiavith liraglutide did not
show any significant effect of liraglutide on cardascular events (86).

Head to head comparison. A study comparing exenatide (1@ BID) with liraglutide
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(1.8 mg once daily) in 464 patients with type 2bdies not controlled by metformin and/or
sulfonylureas showed a greater reduction in HbAIth viraglutide (-1.12% [0-08] vs.
-0.79% [0-08], p<0.0001) (87). A greater reductiortriglycerides was also observed with
liraglutide whereas no differences between the dwms were noted for body weight, blood
pressure, LDL cholesterol, HDL cholesterol or theidence of cardiovascular events (87).
Combined analysis. When data from clinical trials with both exenataied liraglutide
were combined, a significant reduction in the risk major cardiovascular events was
observed (OR=0.46 [0.26-0.83], p=0.009), when tveye compared with placebo, whereas
the risk for major cardiovascular events was ndéetdht when they were compared with

active antidiabetic treatment (OR=1.05 [0.63-1.76{0.84) (88).

DPP-4 (Dipeptidyl peptidase-4) inhibitors

DPP-4 inhibitors reduce GLP-1 enzymatic degradalsading to moderate increases
in its plasma concentration. The pooled analysighef data from 19 clinical trials with
sitagliptin, which compared 5,429 patients on $ipéig with 4,819 on placebo or other active
antidiabetic treatments showed a non-significarffedince for the incidence of major
cardiovascular events (inter-group difference 4037- 0.1), p>0.05) (89). In an analysis of
the pooled data from 25 clinical trials with vildggn, the relative risk of major
cardiovascular events (cardiovascular death, mydainfraction, stroke) as compared with
the control group (placebo or active antidiabatatment) was 0.88 (0.37-2.11) (90). In the
subgroup of patients in secondary prevention, ¢taive risk was 0.78 (0.51-1.19) (90). In an
analysis of pooled data from trials with saxaghptbut with a limited number of patients,
saxagliptin was shown to be associated with a lows&rof cardiovascular events (OR = 0.43
[0.23-0.80]) (91). Another meta analysis includiagailable randomized controlled trials,
either published or unpublished, performed in tgp#iabetic patients with DPP-4 inhibitors,

with a duration >12 weeks showed a non significéetrease of the risk of cardiovascular
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events and all-cause death (92).

Consensus statement

1

Metformin is not contra-indicated after an ACH, the absence of renal failure
(professional agreement).

Following an ACS, due to the increase in cardsouar risk reported in observational
studies it is recommended not to use first germrasiulfonylurea and glibenclamide
(Level C).

Glinides are not contra-indicated following a@ & (professional agreement).

Acarbose may be used following an ACS when neealecording to the metabolic
phenotype of the patient (predominant post-prandigberglycaemia) (professionel
agreement).

Pioglitazone, when available, is not contra<gatied following an ACS. It must not be
used in cases of congestive heart failure or WAEBH_< 45% (professional agreement).

GLP-1 agonists are not contra-indicated follonamgACS (professional agreement).

DPP-4 inhibitors are not contra-indicated foliogvan ACS (professional agreement).

V) Diabetes care during cardiac rehabilitation

A comprehensive cardiac rehabilitation program sthautlude:

supervised physical activity after cardiac assest,

— education on all cardiovascular risk factorsl(idng diabetes)
— promotion of physical activity as a therapeutieams

— psychological support

— nutritional counselling
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— planning of long-term regular physical activifyea cardiac rehabilitation

This multifaceted and multidisciplinary intervemtiamproves functional capacity.
Cardiac rehabilitation decreases all-cause and @masicular morbidity and mortality in
patients after ACS (93,94). Peak exercise capao#gisured in metabolic equivalents (MET)
is known to be an important prognostic factor. EAeMET increase in exercise capacity
conferred a 12 percent improvement in survival @vesal subgroups, including type 2
diabetic subjects (95). However, it has been shomat hyperglycaemia during cardiac
rehabilitation is associated with a smaller improeat in exercise capacity (96).

In addition, cardiac rehabilitation improves psydugital well-being (97), patients’
adherence to pharmacological advice and lifestydeifitations and patients’ motivation for
future long-term physical activity. Furthermore,rdiac rehabilitation is a cost-effective
intervention after an acute coronary event (98).

Many studies have shown the benefit of physicalviégton glycaemic control. It is
estimated that physical activity may reduce glydgdtemoglobin levels by 0.6% (99). As a
consequence, one might expect a reduction in tsle of diabetic complications (100).
Moreover, physical activity reduces weight and erat adipose tissue, leading to reduced
insulin resistance. Thus, physical activity duriceydiac rehabilitation improves glycaemic
control in patients with type 2 diabetes. In aduditiregular physical activity in patients with
IGT can prevent or delay the onset of type 2 deb€t01, 102).

Cardiac rehabilitation reduces depression in dialggtients and increases patients’
motivation for lifestyle modifications (97).

Cardiac rehabilitation should start soon after ickh stabilization and patients’
assessment by a submaximal exercise stress. Theisexeomponent of the program,
prescribed by a cardiologist, is a combination nfliwance and light resistance training
sessions associated with flexibility training, dhgisysiotherapy, hydrotherapy... It should be

individualized for each patient.
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During cardiac rehabilitation, blood glucose levalsed to be controlled regularly
because of the effect of physical activity on glécogetabolism. It has been shown that blood
glucose reduction correlates with the durationhaf derobic physical training session (103).
The hypoglycaemic effect of physical activity lasis to 30 hours following exercise (104).
Self-monitored blood glucose (SMBG) provides a pbé& tool to control blood glucose and
to prevent significant hypoglycaemia during andeiafphysical activity (105). Moreover,
blood glucose testing is also helpful to adjusidaabetic treatments, if necessary, and for
educational purposes (106).

Indeed, cardiac rehabilitation represents a uniopjeortunity to refer a patient for
education

— not only for "usual" education on diabetes anfl management, but also on
the benefit of physical activity on diabetes
— on how to manage diabetes during physical agt{jwitth SMBG help)
It has been shown that such education is impottarginforce patients’ empowerment (107).

General nutritional counselling to prevent cavdiscular disease is important for
patients with diabetes. It is no different fromdiavascular nutritional counselling given to
non-diabetic patients. In patients with diabetesliteonal information will be given on weight
reduction, prevention and the treatment of hypagycic episodes (108).

Cardiac rehabilitation provides an opportunityof@imize the treatment of diabetes.
Referral to a diabetologist/diabetology team, dyitims period, may be useful, particularly in
situations of uncontrolled diabetes with significahyperglycaemia and/or repeated
hypoglycaemia (109).

So far, no data are available concerning cardiaahiétation in patients with diabetic

complications (peripheral neuropathy, retinopasimg nephropathy).

Consensus statement
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1. Cardiac rehabilitation decreases total and osedicular morbidity and mortality in
patients after ACS (Level A). Although no outcomils specifically for the diabetic
population are available, we may expect that cardéhabilitation is likely to induce a
similar benefit in patients with diabetes.

2. Cardiac rehabilitation is an opportunity to shtle patients the benefit of regular
physical activity not only for cardiovascular pratien but also to improve glycaemic
control and to prevent diabetes (Level A).

3. Blood glucose must be checked before exergiseach patient with diabetes. In addition,
blood glucose testing should also be performedhateind and 4 to 6 hours after each
physical activity session, in patients treated witisulin or insulin secretagogues
(sulfonylureas or glinides) in order to reduce thek of hypoglycaemic episodes
(professional agreement).

4. When blood glucose before exercise is aboven2&fdl (13.9 mMol/L), ketonuria has to
be checked. If the patient is without ketosis,ifeglvell and correctly hydrated, physical
activity can be performed with caution, and regulzapillary blood testing is
recommended, at least every hour during the trais@sgion (professional agreement).

5. During cardiac rehabilitation, the patient slaoloé referred to a diabetologist/diabetology
team in the following situations:

« uncontrolled diabetes with significant hyperglycaeiibAlc> 8%)

« and/or severe/repeated hypoglycaemia (professagraement).

V) Nutrition/Diet

Nutrition plays an important role in the treatmenit patients with diabetes. It is
important for optimal glycaemic control and alsayd an important role in the primary and

secondary prevention of cardiovascular disease (IM@ nutritional treatment has to be
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discussed with the diabetic patient, and cultunal @thnical specificities have to be taken into
account. The diet program must be adapted to eda@npdt has been shown that nutritional
education provided by care providers familiar watlabetes and nutritional cardiovascular
prevention and trained for patient education giveneficial results in the control of
glycaemia and cardiovascular risk factors (111-113)

A balance between ingested carbohydrates and ingridogenous or therapeutically
administered) is critical for post-prandial blootuapse control. Thus, the proportion of
carbohydrates in the diet is a crucial point forcgemic control in patients with diabetes and
the quantity of carbohydrate in a meal is the maeterminant of post-prandial glycaemia
(114,115). In patients with diabetes treated witat dinly and/or oral antidiabetic agents
and/or fixed insulin doses, it is usually recommehttehave for each meal (breakfast, lunch,
dinner) a reproducible carbohydrate ratio from dayday. In patients treated with rapid
insulin before each meal, the quantity of carboaiglin the meal may be modified, but the
dose of insulin for the meal must be adjusted atingly. For this, the patient needs to be
educated by a trained diabetology team.

For the prevention of coronary artery diseasés itecommended to reduce risk by
reducing saturated fat, trans fatty acids and sodach by adopting a Mediterranean-style
diet (rich in mono-unsaturated fat, omega-3 fattyds, fruits and vegetables). All these
nutritional recommendations have been shown toaedardiovascular risk factors (mostly
lipids and high blood pressure) in patients withbdites (116-118).

In patients with type 2 diabetes, hypertriglycemnike is frequent. In situations of frank
hypertriglyceridemia (over 400 mg/dL), fructose (@hh promotes hepatic triglyceride
production) should be restricted and the consumptibriruits limited. After an ACS, a

consultation with a dietician is mandatory in patgewith overt hypertriglyceridemia.
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Consultation with a dietician may be useful in@kients with diabetes after an ACS

in order to obtain diet recommendations for diabgbeevention of atherosclerosis and, when

necessary, weight reduction.

The nutritional recommendations will be limited,réaeto the coronary syndrome

period without embracing all of the diet recommdiudes in patients with diabetes.

Consensus statement

During hospitalization:

1.

No specific recommended carbohydrate level fdrepts with diabetes. The proportion
of carbohydrate in the diet does not have to bierdiht from that for non-diabetics. A
minimum carbohydrate amount of 150 g/day is reconded (Level A).

In the absence of a diabetology team workinthecardiology intensive care unit, it is
recommended to use a fixed carbohydrate dose &braal (professional agreement).
Patients with diabetes are recommended to haweeds a day (in the absence of a
concomitant procedure) (Level A).

Unnecessary fasting should be avoided (profeakagreement).

Low glycaemic index food should be preferretitsh glycaemic index food (Level B).

In general, sucrose should be avoided (profeakegreement).

Sucrose is not recommended between meals, Wwehekception of hypoglycaemia
(professional agreement).

For patients who wish to have sucrose, it measingluded in a meal and replace an

equivalent dose of carbohydrate (Level A).

At discharge, specific recommendations for coromatgry disease prevention

1.

2.

Saturated fat should be limited to less than bd%tal energy intake and, if possible, be
less than 7% (Level A).

Trans fatty acids should be avoided (Level A).
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3. A Mediterranean-style diet, rich in fruit andge¢ables and monounsaturated fatty acids
is recommended (Level A).

4. In situations of overt hypertriglyceridemia, thatient has to be referred to a dietician
(professional agreement).

5. A consultation with a dietician is recommendegatients with diabetes after an ACS

V1) When should a patient with diabetes bereferred to a diabetologist?

Several consensus statements have emphasizeérbét lmf referring a patient to a
diabetologist during hospitalization for conditioother than diabetes (13,119,120). Referral
to a diabetologist in a situation of hospitalizatifor an ACS is likely to give substantial
benefits to patients with diabetes. Hospitalizafimnan ACS provides a unique opportunity
to optimize the treatment of diabetes and to e@upatients in diabetes self-management
(121).

It is advised, before discharge from hospital,égbup a strategy for optimal outpatient
glucose control in patients with established diebetr newly-diagnosed diabetes. It is usually
advised to refer a patient with diabetes to a dabgist before discharge or within one
month after discharge (120).

The importance of the patient's education is empbdsn the ADA and the AACE
(American Association of Clinical Endocrinologist)nsensus statement (119). Because the
length of hospital stay for an ACS is usually shdtring hospitalization, it is recommend to
limit diabetes-related education to an inventory lwdsic “survival skills” (level of
understanding related to the diagnosis of diabetel;monitoring of blood glucose and
explanation of home glycaemic goals, definitiongognition, treatment and prevention of

hyperglycaemia and hypoglycaemia, information oet,dwhen and how to take glucose-
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lowering medications including the administration ofsulin, sick-day management,
identification of health care provider who will besponsible for diabetes care after
discharge). Several studies have shown that meaticatrors and adverse drug events have
been linked to poor communication of instructionsthe patient at the time of discharge
(122,123). Clear instructions at time of dischaagel during outpatient care are needed and
provide a reference for patients and their outpatgroviders. It has been shown that an
insulin-specific discharge instruction form providegreater clarity and more consistent
directions for insulin dosing and self blood glueesonitoring in comparison with a generic
hospital discharge form (124). Several studies hetvewn that an education program on
diabetes during hospitalization provided betteccontes such as improved glycaemic control
(125,126), fewer hospitalizations (125,126), fewaisodes of keto-acidosis (126) and
reduced length of hospital stay (127). Moreover patients hospitalized in medical and
surgical cardiac care units, an intervention progmn diabetes, including clear self-care
instructions before discharge, significantly desezhthe frequency of prolonged and severe
hyperglycaemia and the frequency of nosocomialcirdas (128). Thus, a clear educational
program on the basic points of diabetes is higggpmmended before discharge. This can be
performed by a diabetologist and /or a diabetesadu.

In addition, diabetes care delivered by an endologst/diabetologist, during
hospitalization, has been shown to provide bettécarnes such as better glycaemic control
(129), fewer readmissions for diabetes (129,13@Juced length of hospital stay (130) and
reduced cost (130). In diabetic patients hosp#dlifor conditions other than diabetes, referral
to an endocrinologist/diabetologist has been shmwsignificantly reduce the mean hospital
length of stay from 8.2 days to 5.5 days (131).sEhdata clearly show the benefit of an
endocrinologist/diabetologist consultation in patsewith diabetes hospitalized for conditions

other than diabetes.
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Consensus statement:

1. In theintensive care cardiology unit, the treatment of diabetes or stress hyperglycaemi
that requires insulin needs to be delivered byxqeeenced team including a diabetologist
(professional agreement).

2. Referral to a diabetologist before hospital discharge: the patient should be referred to a
diabetologisbefore discharge from the hospital in the following situations:

» unknown diabetes, diagnosed during th&AGspitalization (HbAle 6.5%)

« and/or known diabetes with admission HbAB%

» and/or newly-introduced insulin therapy

» and/or severe / repeated hypoglycaeneadlB)

If a diabetologist is not available, the caldgist should contact a diabetology department
in order to organize a hospitalization following thospitalization in the cardiology
department (professional agreement).

3. Referral to a diabetologist after hospital discharge:

* In patients without known diabetes atbage (no known diabetes at admission and
admission HbAlc <6.5%), it is recommended to penfan OGTT between day 7 and 28. If
diabetes is diagnosed with the OGTT, the patieatishbe referred to a diabetologist for
education, initiation of antidiabetic therapy andrpling of the future follow-up of the patient
in coordination with the primary care physiciandfessional agreement).

» The follow-up of the patient with diabgteill be coordinated with the primary care
physician (professional agreement).

 After discharge, the patients with diasetay be referred to centres specialized in
diabetes education, if available (professional exguent).

4. Referral to a diabetologist during cardiac rehabilitation: the patient should be referred to a

diabetologist in the following situation:
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» uncontrolled diabetes with significanpkyglycaemia

» and/or severe / repeated hypoglycaem@dpsional agreement).

31



References

1.

2.

Pyorala K, Laakso M, Uusitupa M. Diabetes amg@isclerosis: an epidemiologic
view. Diabetes Metab Rev. 1987; 3:4624.

Haffner SM, Lehto S, Ronnemaa T, Pyoréla K, sadld. Mortality from coronary
heart disease in subjects with type 2 diabetesrandndiabetic subjects with and
without prior myocardial infarction. N Engl J MetP98; 339: 229-34.

Coutinho M, Gerstein HC, Wang Y, Yusuf S. Thiatienship between glucose and
incident cardiovascular events. A metaregressiotysisaf published data from 20
studies of 95,783 individuals followed for 12.4 gediabetes Care. 1999; 22: 233-
40.

Khaw KT, Wareham N, Luben R, Bingham S, Oake#/8lch A, Day N. Glycated
haemoglobin, diabetes, and mortality in men in NidrEohort of european
prospective investigation of cancer and nutritiBRIC-Norfolk). BMJ. 2001; 322: 15-
8.

DECODE Study Group, European Diabetes Epidemyoeroup. Is the current
definition for diabetes relevant to mortality riskm all causes and cardiovascular and
noncardiovascular diseases? Diabetes Care. 20083266.

Norhammar A, Tenerz A, Nilsson G, Hamsten Anldfe S, Ryden L,Malmberg K.
Glucose metabolism in patients with acute myocéardfarction and no previous
diagnosis of diabetes mellitus: a prospective studgcet 2002; 359: 2140 -2144.
Franklin K, Goldberg RJ, Spencer F, Klein W, Bu#é, Brieger D, Marre M, Steg
PG, Gowda N, Gore JM. GRACE Investigators. Impiaat of diabetes in patients
with acute coronary syndromes. The Global Regidtdonite Coronary Events. Arch
Intern Med. 2004; 164: 1457- 63

Conaway DG, O'Keefe JH, Reid KJ, Spertus J.legy of undiagnosed diabetes
mellitus in patients with acute coronary syndrose J Cardiol. 2005; 96: 363-5.
Verges B, Zeller M, Dentan G, Beer JC, Laurendahin-Manificat L, Makki H, Wolf
JE, Cottin Y. Impact of fasting glycemia on shamr prognosis after acute
myocardial infarction. J Clin Endocrinol Metab. 2002: 2136-40.

10. Les recommandations pour la pratique clinigBase méthodologique pour leur

réalisation en France. www.has-sante.fr

11. Lenzen M, Ryden L, Ohrvik J, Bartnik M, Malmgé{£, Scholte Op Reimer W,

Simoons ML; Euro Heart Survey Investigators. Diabeknown or newly detected, but
not impaired glucose regulation, has a negativeentce on 1-year outcome in
patients with coronary artery disease: a report frieenEuro Heart Survey on diabetes
and the heart. Eur Heart J. 2006 ; 27: 2969-74.

12. Rydén L, Standl E, Bartnik M, Van den BergheéB€étteridge J, de Boer MJ,

Cosentino F, Jonsson B, Laakso M, Malmberg K, P8pOstergren J, Tuomilehto J,
Thrainsdottir I, Vanhorebeek |, Stramba-BadialeLividgren P, Qiao Q, Priori SG,
Blanc JJ, Budaj A, Camm J, Dean V, Deckers J, D&thK, Lekakis J, McGregor K,
Metra M, Morais J, Osterspey A, Tamargo J, ZamotHndeckers JW, Bertrand M,
Charbonnel B, Erdmann E, Ferrannini E, Flyvbjergsdhlke H, Juanatey JR,
Graham |, Monteiro PF, Parhofer K, Pyorala K, Re&dhernthaner G, Volpe M,
Wood D; Task Force on Diabetes and Cardiovascuked3des of the European
Society of Cardiology (ESC); European Associationthe Study of Diabetes
(EASD). Guidelines on diabetes, pre-diabetes, andiavascular diseases: executive
summary. The Task Force on Diabetes and Cardiolaadoiseases of the European
Society of Cardiology (ESC) and of the Europeano&ggion for the Study of
Diabetes (EASD). Eur Heart J. 2007; 28: 88-136.

32



13. American Heart Association guidelines. Cirdola2008; 117: 1610-9

14. Kosiborod M, Inzucchi SE, Krumholz HM, Xiao lgnes PG, Fiske S, Masoudi FA,
Marso SP, Spertus JA.Glucometrics in patients halsped with acute myocardial
infarction: defining the optimal outcomes-based suea of risk. Circulation. 2008;
117: 1018-27.

15. Kosiborod M, Rathore SS, Inzucchi SE, MasoudiWang Y, Havranek EP,
Krumholz HM.Admission glucose and mortality in aliggoatients hospitalized with
acute myocardial infarction: implications for patie with and without recognized
diabetes. Circulation. 2005; 111: 3078-86.

16. WHO Consultation. Definition, diagnosis andssification of diabetes mellitus and
its complications. Part 1: diagnosis and clasdificeof diabetes mellitus. Report no.
99.2. Geneva: World Health Organization, 1999.

17. HAS (Haute Autorité de Santé). Principes dagiége du Diabete de type 2. Fevrier
2003._http://www.has-sante.fr/portail/upload/dopplecation/pdf/diabete _rap 2003.
pdf

18. Ishihara M, Inoue I, Kawagoe T, Shimatani YriKu S, Hata T, Nakama Y, Kijima
Y, Kagawa E. Is admission hyperglycaemia in norbeli patients with acute
myocardial infarction a surrogate for previously iagthosed abnormal glucose
tolerance? Eur Heart J. 2006; 27: 2413-9.

19. Wilkerson HL, Butler FK, Francis JO. The effe€prior carbohydrate intake on the

oral glucose tolerance test. Diabetes. 1960; 9:B86-

20. Paulweber B, Valensi P, Lindstrom J et al. Adpean evidence-based guideline for

the prevention of type 2 diabetes. Horm Metab R8%0; 42 Suppl 1: S3-36.

21. American Diabetes Association. Standards ofité¢€are in Diabetes—2011:
Classification and diagnosis of diabetes. Diab€a® 2011; 34 (Suppl 1): S12

22. International Expert Committee report on the aflthe A1C assay in the diagnosis of
diabetes. Diabetes Care. 2009; 32: 1327-34

23. Bartnik M, Rydén L, Ferrari R, Malmberg K, P&fér K, Simoons M, Stand| E, Soler-
Soler J, Ohrvik J; Euro Heart Survey Investigatdtse prevalence of abnormal
glucose regulation in patients with coronary arisease across Europe. The Euro
Heart Survey on diabetes and the heart. Eur Hea@o3; 25: 1880-90.

24. Wallander M, Malmberg K, Norhammar A, Rydén enérz A. Oral glucose
tolerance test: a reliable tool for early detectibiglucose abnormalities in patients
with acute myocardial infarction in clinical prasi a report on repeated oral glucose
tolerance tests from the GAMI study. Diabetes C2008; 31: 36-8.

25. Bartnik M, Malmberg K, Hamsten A, Efendic S,rNammar A, Silveira A, Tenerz A,
Ohrvik J, Rydén L. Abnormal glucose tolerance-a mm risk factor in patients with
acute myocardial infarction in comparison with plagpion-based controls. J Intern
Med. 2004; 256: 288-97.

26. Kowalska I, Prokop J, Bachérzewska-Gajewskadtgjko B, Kinalskal I, Kochman
W, Musial W. Disturbances of glucose metabolisrmen referred for coronary
arteriography. Postload glycemia as predictor émooary atherosclerosis. Diabetes
Care. 2001; 24: 897-901.

27. DECODE Study group, the European diabetes epadegy group. Glucose tolerance
and cardiovascular mortality : Comparison of fasang 2-hour diagnostic criteria.
Arch Intern Med 2001;161:397-405.

28. Bartnik M, Rydén L, Malmberg K, Ohrvik J, PytE&, Standl E, Ferrari R, Simoons
M, Soler-Soler J; Euro Heart Survey Investigat@msal glucose tolerance test is
needed for appropriate classification of glucoggilaion in patients with coronary
artery disease: a report from the Euro Heart SuoveRiabetes and the Heart. Heart.
2007; 93: 72-7.

33



29. Cosson E, Nguyen MT, Hamo-Tchatchouang E, Ba@hiheb S, Charnaux N,
Valensi P. What would be the outcome if the AmeriBaabetes Association
recommendations of 2010 had been followed in oactpre in 1998-20067? Diabet
Med. 2011; 28: 567-74.

30. Kramer CK, Araneta MR, Barrett-Connor E. A1@ ambetes diagnosis: The Rancho
Bernardo Study. Diabetes Care. 2010; 33: 101-3.

31. James C, Bullard KM, Rolka DB, Geiss LS, Witig DE, Cowie CC, Albright A,
Gregg EW. Implications of alternative definitionsprediabetes for prevalence in U.S.
adults. Diabetes Care. 2011; 34: 387-91.

32. Sacks DB. A1C versus glucose testing: a coisgarDiabetes Care. 2011; 34: 518-
23.

33. Knudsen EC, Seljeflot I, Abdelnoor M, EritslahdVlangschau A, Arnesen H,
Andersen GO. Abnormal glucose regulation in pasievith acute ST- elevation
myocardial infarction-a cohort study on 224 pase@ardiovasc Diabetol. 2009; 8: 6.

34. Tenerz A, Norhammar A, Silveira A, Hamsten Alsdbn G, Rydén L, Malmberg K.
Diabetes, insulin resistance, and the metabolicreynd in patients with acute
myocardial infarction without previously known detbs. Diabetes Care. 2003; 26:
2770-6

35. Weston C, Walker L, Birkhead J; National Auditdyocardial Infarction Project,
National Institute for Clinical Outcomes Reseatearly impact of insulin treatment
on mortality for hyperglycaemic patients without knmodiabetes who present with an
acute coronary syndrome. Heart. 2007; 93: 1542-6.

36. Malmberg K. Prospective randomised study @risive insulin treatment on long
term survival after acute myocardial infarctiorpatients with diabetes mellitus.
DIGAMI (Diabetes Mellitus, Insulin Glucose Infusiam Acute Myocardial Infarction)
Study Group. BMJ. 1997; 314: 1512-5.

37. Van den Berghe G, Wilmer A, Milants |, Woutetls Bouckaert B, Bruyninckx F,
Bouillon R, Schetz M.Intensive insulin therapy iitxed medical/surgical intensive
care units: benefit versus harm. Diabetes. 20063 551-9.

38. Malmberg K, Rydén L, Wedel H, Birkeland K, Bswia A, Dickstein K, Efendic S,
Fisher M, Hamsten A, Herlitz J, Hildebrandt P, MaoHl K, Laakso M, Torp-
Pedersen C, Waldenstréom A; DIGAMI 2 Investigatonsehse metabolic control by
means of insulin in patients with diabetes melldns acute myocardial infarction
(DIGAMI 2): effects on mortality and morbidity. Etteart J. 2005; 26: 650-61.

39. Cheung NW, Wong VW, McLean M. The Hyperglycenhiensive Insulin Infusion
in Infarction (HI-5) study: a randomized controlle@l of insulin infusion therapy for
myocardial infarction. Diabetes Care. 2006; 29:-765

40. Wiener RS, Wiener DC, Larson RJ. Benefits asicsrof tight glucose control in
critically ill adults: a meta-analysis. JAMA. 2008)0: 933-44.

41. Marques JL, George E, Peacey SR, Harris NDdbtaald IA, Cochrane T, Heller SR.
Altered ventricular repolarization during hypoglgaaia in patients with
diabetes.Diabet Med. 1997 ; 14: 648-54

42. Krinsley JS, Grover A. Severe hypoglycemiaritically ill patients: risk factors and
outcomes. Crit Care Med. 2007; 35: 2262-7.

43. NICE-SUGAR Study Investigators, Finfer S, Gjukt DR, Su SY, Blair D, Foster D,
Dhingra V, Bellomo R, Cook D, Dodek P, Henderson WiRbert PC, Heritier S,
Heyland DK, McArthur C, McDonald E, Mitchell I, Mylsgh JA, Norton R, Potter J,
Robinson BG, Ronco JJ. Intensive versus conventgineose control in critically ill
patients. N Engl J Med. 2009; 360: 1283-97.

44. Brunkhorst FM, Engel C, Bloos F, Meier-HellmakhnRagaller M, Weiler N, Moerer
O, Gruendling M, Oppert M, Grond S, Olthoff D, Jaisski U, John S, Rossaint R,

34



Welte T, Schaefer M, Kern P, Kuhnt E, KiehntopfiNgrtog C, Natanson C, Loeffler
M, Reinhart K; German Competence Network SepsipN88. Intensive insulin
therapy and pentastarch resuscitation in sevesesséy Engl J Med. 2008; 358: 125-
39.

45. Preiser JC, Devos P, Ruiz-Santana S, MélotBaAe D, Groeneveld J, lapichino G,
Leverve X, Nitenberg G, Singer P, Wernerman J, duoi M, Stecher A, Chioléro R.
A prospective randomised multi-centre controlledl ton tight glucose control by
intensive insulin therapy in adult intensive carésirthe Glucontrol study. Intensive
Care Med. 2009; 35: 1738-48.

46. Kosiborod M, Inzucchi SE, Goyal A, Krumholz HMasoudi FA, Xiao L, Spertus
JA. Relationship between spontaneous and iatrodgpicglycemia and mortality in
patients hospitalized with acute myocardial infiarct JAMA. 2009; 301: 1556-64.

47. Wilson M, Weinreb J, Hoo GW. Intensive insuletapy in critical care: a review of
12 protocols. Diabetes Care. 2007;30: 1005-11.

48. UKPDS: Effect of intensive blood-glucose cohtwgh metformin on complications
in overweight patients with type 2 diabetes (UKPE13. UK Prospective Diabetes
Study (UKPDS) Group. Lancet 1998; 352: 854-865.

49. Bailey CJ: Metformin: effects on micro and ne@scular complications in type 2
diabetes. Cardiovasc Drugs Ther 2008. 22: 215-224,

50. Selvin E, Bolen S, Yeh HC, Wiley C, Wilson LMarinopoulos SS, Feldman L,
Vassy J, Wilson R, Bass EB, Brancati FL: Cardiouéscoutcomes in trials of oral
diabetes medications: a systematic review. ArcerinMed 2008; 168: 2070-2080.

51. Roussel R, Travert F, Pasquet B, Wilson PW IS8, Jr., Goto S, Ravaud P, Marre
M, Porath A, Bhatt DL, Steg PG: Metformin use anartality among patients with
diabetes and atherothrombosis. Arch Intern Med 2070: 1892-1899.

52. Mellbin LG, Malmberg K, Norhammar A, Wedel Hyd®en L: The impact of glucose
lowering treatment on long-term prognosis in patemth type 2 diabetes and
myocardial infarction: a report from the DIGAMI @al. Eur Heart J 2008; 29: 166-
176.

53. Mellbin LG, Malmberg K, Norhammar A, Wedel Hyd®en L: Prognostic implications
of glucose-lowering treatment in patients with aamyocardial infarction and
diabetes: experiences from an extended follow-up@Diabetes Mellitus Insulin-
Glucose Infusion in Acute Myocardial Infarction @AMI) 2 Study. Diabetologia
2011; 54:1308-1317.

54. Andersson C, Olesen JB, Hansen PR, Weeke Bahial ML, Jargensen CH, Lange
T, Abildstrem SZ, Schramm TK, Vaag A, Kgber L, Té?pdersen C, Gislason GH.
Metformin treatment is associated with a low riskvadrtality in diabetic patients with
heart failure: a retrospective nationwide cohartgt Diabetologia. 2010; 53: 2546-
53.

55. Meinert CL, Knatterud GL, Prout TE, Klimt CR.study of the effects of
hypoglycemic agents on vascular complications irepts with adult-onset diabetes.
Il. Mortality results.Diabetes. 1970; 19 (Suppl$97830.

56. Maruyama |, Tomiyama Y, Maruyama K, Ojima K,d&yashi K, Kobayashi M,
Yamazaki Y, Kojima M, Shibata N. Effects of mitigide and sulfonylureas in
isolated canine coronary arteries and perfuseldeatts. Eur J Pharmacol. 2006; 531.:
194-200.

57. Tzoulaki I, Molokhia M, Curcin V, Little MP, Mett CJ, Ng A, Hughes RI, Khunti K,
Wilkins MR, Majeed A, Elliott P. Risk of cardiovadar disease and all cause
mortality among patients with type 2 diabetes pibsd oral antidiabetes drugs:
retrospective cohort study using UK general praatesearch database. BMJ 2009;
339: b4731

35



58. UK Prospective Diabetes Study Group. Intensleedzglucose control with
sulphonylureas or insulin compared with conventidoreatment and risk of
complications in patients with type 2 diabetes (II¥P33). Lancet 1998; 352: 837-53.

59. ADVANCE Collaborative Group. Effects of intemsiblood glucose control on
vascular outcomes in patients with type 2 diabetelitus: results of the ADVANCE
trial. N. Engl. J. Med. 2008, 358: 2560-2572

60. Klamann A, Sarfert P, Launhardt V, Schulte Ghr8iegel WH, Nauck MA.
Myocardial infarction in diabetic vs non-diabetidogects. Survival and infarct size
following therapy with sulfonylureas (glibenclam)d&ur Heart J. 2000; 21: 220-9.

61. Garratt KN, Brady PA, Hassinger NL, Grill DEgrEic A, Holmes DR Jr.
Sulfonylurea drugs increase early mortality in @atis with diabetes mellitus after
direct angioplasty for acute myocardial infarctidrAm Coll Cardiol. 1999; 33: 119-
24.

62. Monami M, Balzi D, Lamanna C, Barchielli A, Mds G, Buiatti E, Marchionni N,
Mannucci E. Are sulphonylureas all the same? A dodtady on cardiovascular and
cancer-related mortality. Diabetes Metab Res Re®72P3: 479-84.

63. Johnsen SP, Monster TB, Olsen ML, Thisted H,.&dghlin JK, Sgrensen HT,
Lervang HH, Rungby J. Risk and short-term prognotimyocardial infarction
among users of antidiabetic drugs. Am J Ther. 286t 34-40.

64. Arruda-Olson AM, Patch RK 3rd, Leibson CL, \#ef, Frye RL, Weston SA, Killian
JM, Roger VL. Effect of second-generation sulfamghs on survival in patients with
diabetes mellitus after myocardial infarction. M&n Proc. 2009; 84: 28-33.

65. Zeller M, Danchin N, Simon D, Vahanian A, Lardi, Cottin Y, Berland J, Gueret P,
Wyart P, Deturck R, Tabone X, Machecourt J, LecjdfcDrouet E, Mulak G,
Bataille V, Cambou JP, Ferrieres J, Simon T; FreRebistry of Acute ST-Elevation
and Non-ST-Elevation Myocardial Infarction investigrs. Impact of type of
preadmission sulfonylureas on mortality and cardsoular outcomes in diabetic
patients with acute myocardial infarction. J Climd&crinol Metab. 2010; 95: 4993-
5002.

66. Horsdal HT, Johnsen SP, Sgndergaard F, Jacdb$eomsen RW, Schmitz O,
Sgrensen HT, Rungby J. Sulfonylureas and progntisisrayocardial infarction in
patients with diabetes: a population-based followstyaly.Diabetes Metab Res Rev.
2009; 25: 515-22.

67. Schramm TK, Gislason GH, Vaag A, Rasmusserrdike F, Hansen ML, Fosbgl
EL, Kgber L, Norgaard ML, Madsen M, Hansen PR, TBgalersen C. Mortality and
cardiovascular risk associated with different inssecretagogues compared with
metformin in type 2 diabetes, with or without a\po&is myocardial infarction: a
nationwide study. Eur Heart J. 2011; 32, 1900-1908.

68. NAVIGATOR Study Group. Effect of nateglinide tre incidence of diabetes and
cardiovascular events. N Engl J Med. 2010; 36231A®

69. Frantz S, Calvillo L, Tillmanns J, Elbing I,ddesch C, Bischoff H, Ertl G,
Bauersachs J. Repetitive postprandial hyperglyceami@ases cardiac
ischemia/reperfusion injury: prevention by the akgh#cosidase inhibitor acarbose.
FASEB J. 2005;19: 591-3.

70. Kato T, Inoue T, Node K. Postprandial endo#lelysfunction in subjects with new-
onset type 2 diabetes: an acarbose and nategtiaidparative study. Cardiovasc
Diabetol. 2010; 9: 12.

71. Chiasson JL, Josse RG, Gomis R, Hanefeld Mad{laA, Laakso M; STOP-NIDDM
Trail Research Group. Acarbose for prevention pétg diabetes mellitus: the STOP-
NIDDM randomised trial. Lancet. 2002; 359: 2072-7.

36



72. Chiasson JL, Josse RG, Gomis R, Hanefeld Mad{laA, Laakso M; STOP-NIDDM
Trial Research Group. Acarbose treatment andiskeof cardiovascular disease and
hypertension in patients with impaired glucosertotee: the STOP-NIDDM trial.
JAMA. 2003; 290: 486-94.

73. Hanefeld M, Cagatay M, Petrowitsch T, NeuseP&tzinna D, Rupp M. Acarbose
reduces the risk for myocardial infarction in typdiabetic patients: meta-analysis of
seven long-term studies. Eur Heart J. 2004; 255.10-

74. Dormandy JA, Charbonnel B, Eckland DJ et ato8dary prevention of
macrovascular events in patients with type 2 debet the PROactive Study
(PROspective pioglitAzone Clinical Trial In macrad¢lar Events): a randomised
controlled trial. Lancet 2005; 366: 1279-89.

75. Erdmann E, Dormandy JA, Charbonnel B, Massie8etti M, Moules IK, Skene
AM: The effect of pioglitazone on recurrent myodaldnhfarction in 2,445 patients
with type 2 diabetes and previous myocardial irtfarc results from the PROactive
(PROactive 05) Study. J Am Coll Cardiol 2007; 4972-1780.

76. Lincoff AM, Wolski K, Nicholls SJ, Nissen SEidglitazone and risk of
cardiovascular events in patients with type 2 diedbenellitus: a meta-analysis of
randomized trials. JAMA 2007; 298: 1180-1188.

77. Eurich DT, McAlister FA, Blackburn DF, Majumd&R, Tsuyuki RT, Varney J,
Johnson JA. Benefits and harms of antidiabetic @garpatients with diabetes and
heart failure: systematic review. BMJ. 2007; 3357.49

78. Ferrannini E, Betteridge DJ, Dormandy JA, Cbartel B, Wilcox RG, Spanheimer
R, Erdmann E, Defronzo RA, Laakso M: HDL-choleskard not HbAlc was
directly related to Cardiovascular Outcome in PR®acDiabetes Obes Metab, 2011;
13: 759-764.

79. Bose AK, Mocanu MM, Carr RD, Brand CL, YellodWDGlucagon-like peptide 1 can
directly protect the heart against ischemia/restofuinjury.Diabetes. 2005; 54: 146-
51.

80. Nikolaidis LA, Elahi D, Shen YT, Shannon RP ti&e metabolite of GLP-1 mediates
myocardial glucose uptake and improves left vealaicperformance in conscious
dogs with dilated cardiomyopathy. Am J Physiol H&Zrc Physiol. 2005; 289:
H2401-8.

81. Nikolaidis LA, Mankad S, Sokos GG, Miske G, Bi#g Elahi D, Shannon RP.
Effects of glucagon-like peptide-1 in patients wattute myocardial infarction and left
ventricular dysfunction after successful reperfosrculation. 2004; 109: 962-5.

82. Basu A, Charkoudian N, Schrage W, Rizza RAuBasJoyner MJ. Beneficial effects
of GLP-1 on endothelial function in humans: dampgrby glyburide but not by
glimepiride. Am J Physiol Endocrinol Metab. 200932 E1289-95.

83. Gill A, Hoogwerf BJ, Burger J, Bruce S, Macclbhe Yan P, Braun D, Giaconia J,
Malone J.. Effect of exenatide on heart rate anddpressure in subjects with type 2
diabetes mellitus: a double-blind, placebo-contahlrandomized pilot study.
Cardiovascular Diabetology 2010; 9: 6

84. Best JH, Rubin RR, Peyrot M, Li Y, Yan P, Mgllh Garrison LP. Risk of
Cardiovascular Disease Events in Patients With Bypéabetes Prescribed the
Glucagon-Like Peptide 1 (GLP-1) Receptor Agonistiiatide Twice Daily or Other
Glucose-Lowering Therapies A retrospective analgbibe LifeLink database.
Diabetes Care 2011; 34 : 314-9.

85. Ratner R, Han J, Nicewarner D, Yushmanova ggweerf BJ, Shen L.Cardiovascular
safety of exenatide BID: an integrated analysiswfimntrolled clinical trials in
participants with type 2 diabetes Cardiovasc Diab@011; 10: 22.

37



86. Marso SP, Moses AC, Zychma MJ, Buse JB. Caadicular Safety of Liraglutide: A
Pooled Analysis from Phase Il and Il Liraglutidénizal Development Studies.
Circulation 122: A16904. Abstract 16904;
http://circ.ahajournals.org/cgi/content/meeting tedzd/122/21 MeetingAbstracts/A16
904

87. Buse JB, Rosenstock J, Sesti G, Schmidt WE tadhya E, Brett JH, Zychma M,
Blonde L; LEAD-6 Study Group. Liraglutide once aydeersus exenatide twice a day
for type 2 diabetes: a 26-week randomised, pargt@lip, multinational, open-label
trial (LEAD-6).Lancet. 2009; 374: 39-47.

88. Monami M, Cremasco F, Lamanna C, Colombi C,id»sCM, lacomelli I,
Marchionni N, Mannucci E. Glucagon-like Peptideeteptor agonists and
cardiovascular events: a meta-analysis of randadrglirical trials. Exp Diabetes Res.
2011; 2011:215764.

89. Williams-Herman D, Engel SS, Round E, Johnsd@dolm GT, Guo H, Musser BJ,
Davies MJ, Kaufman KD, Goldstein BJ. Safety anérability of sitagliptin in
clinical studies: a pooled analysis of data fron246,patients with type 2 diabetes.
BMC Endocr Disord. 2010 ;10:7.

90. Schweizer A, Dejager S, Foley JE, Couturietigueros-Saylan M, Kothny W.
Assessing the cardio-cerebrovascular safety of giipkn: meta-analysis of
adjudicated events from a large Phase Ill typeabeties population. Diabetes Obes
Metab. 2010; 12: 485-94.

91. Frederich R, Alexander JH, Fiedorek FT, DonovamBerglind N, Harris S, Chen R,
Wolf R, Mahaffey KW. A systematic assessment ofltarascular outcomes in the
saxagliptin drug development program for type Ddias. Postgrad Med. 2010 May;
122(3): 16-27.

92. Monami M, lacomelli I, Marchionni N, Mannucci Bipeptydil peptidase-4 inhibitors
in type 2 diabetes: a meta-analysis of randomisedtal trials. Nutr Metab
Cardiovasc Dis. 2010; 20: 224-35.

93. Thompson PD, Buchner D, Pina IL et al. Exereisé physical activity in the
prevention and treatment of atherosclerotic cardiowkar disease: a statement from
the Council on Clinical Cardiology (Subcommitteetxercise, Rehabilitation, and
Prevention) and the Council on Nutrition, Physi&ativity, and Metabolism
(Subcommittee on Physical Activity). American Heassociation Council on Clinical
Cardiology Subcommittee on Exercise, Rehabilitateorg Prevention; American
Heart Association Council on Nutrition, Physicaltikity, and Metabolism
Subcommittee on Physical Activity. Circulation. 30Q07(24): 3109-16

94. Piepoli MF, Corra U, Benzer W et al. Cardiab&ailitation Section of the European
Association of Cardiovascular Prevention and Rditation. Secondary prevention
through cardiac rehabilitation: from knowledgermpiementation. A position paper
from the Cardiac Rehabilitation Section of the EwapAssociation of
Cardiovascular Prevention and Rehabilitation. EGaddiovasc Prev Rehabil. 2010;
17:1-17

95. Myers J, Prakash M, Froelicher V, Do D, PatbingS, Atwood JE. Exercise capacity
and mortality among men referred for exercisengstN Engl J Med. 2002; 346: 793-
801

96. Verges B, Patois-Vergés B, Cohen M, Lucas Bla@Ga-Jos C, Casillas JM. Effects of
cardiac rehabilitation on exercise capacity, in t@phabetic patients with coronary
artery disease. Diabetic Medicine 2004, 21: 889-895

97. Milani RV, Lavie CJ. Behavioral differences agftects of cardiac rehabilitation in
diabetic patients following cardiac events. Am JdV®96, 100: 517-23

38



98. Joliffe JA, Rees K, Taylor RS, Thompson D, @ide N, Ebrahim S. Exercise-based
rehabilitation for coronary heart disease (CochiReeiew). In: The Cochrane
Library, Issue 3, 2002.

99. Thomas DE, Elliott EJ and Naughton GA. Exeréisdype 2 diabetes mellitus.
Cochrane Database Syst Rev 3, 2006: CD002968

100. Stratton IM, Adler Al, Neil HA, et al. Assotian of glycaemia with macrovascular
and microvascular complications of type 2 diab@#HsPDS 35): prospective
observational study. BMJ 2000; 321: 405-412

101.Li G, Zhang P, Wang J, Gregg EW, Yang W, GQndi H, Li H, Jiang Y, An Y,
Shuai Y, Zhang B, Zhang J, Thompson TJ, Gerzoff R&glic G, Hu Y, Bennett PH:
The long-term effect of lifestyle interventionsgevent diabetes in the China Da
Qing Diabetes Prevention Study: a 20-year followstymly. Lancet 2008; 371: 1783-
89,

102.Laaksonen DE, Lindstrom J, Lakka TA, ErikssGn Niskanen L, Wikstrom K,
Aunola S, Keinanen- Kiukaanniemi S, Laakso M, Vdllg llanne-Parikka P,
Louheranta A, Hamalainen H, Rastas M, Salminen &pditis Z, Hakumaki M,
Kaikkonen H, Harkonen P, Sundvall J, Tuomilehto dsitiipa M: Physical activity in
the prevention of type 2 diabetes: the Finnish elied prevention study 1. Diabetes
2005; 54: 158-165.

103.Praet SF, Van Loon U: Optimizing the therajpetnefits of exercise in Type 2
diabetes. J Appl Physiol 2007; 103: 1113-1120.

104.Di LC, Fanelli C, Lucidi P, et al. Make youabetic patients walk: long-term impact
of different amounts of physical activity on typeiabetes. Diabetes Care 2005; 28:
1295-1302

105.Cox DJ, Gonder-Frederick L, Ritterband L, €WV, Kovatchev. Prediction of
severe hypoglycemia. Diabetes Care 2007; 30 : B370-

106.Schnell O, Alawi H, Battelino T, Ceriello Ajén P, Felton A, Grzeszczak W, Harno
K, Kempler P, Satman I, Verges B. Consensus stateomeSelf- Monitoring of Blood
Glucose in Diabetes. A European perspective. Desh@letabolism and the Heart
2009; 18: 285-9.

107.European guideline on cardiovascular diseesesption in clinical practice; Fourth
joint Task Force of European and other societies JECardiovasc Prev Rehab 2007,
14 (Supp 2): E1-E40

108.Verges-Patois B., Verges B. “Nutrition coutisglfor diabetics patients” in Textbook
of cardiovascular prevention and rehabilitation,26@ited by J Perk, P Mathes, H
Gohlke, C Monpére, | Hellemans, H McGee, P Sellik§aner

109.Charbonnel B, Bouhanick B, Le Feuvre C, SFEGBDIAM Groupe de travail.
Recommandations SFC/ALFEDIAM sur la prise en chakggatient diabétique vu
par le cardiologue. Arch Mal Coeur Vaiss 2004; 2R-29.

110.de Lorgeril M, Renaud S, Mamelle N, Salen Rrtivi JL, Monjaud |, Guidollet J,
Touboul P, Delaye J.Mediterranean alpha-linolenid-aich diet in secondary
prevention of coronary heart disease. Lancet. 1323: 1454-9.

111.Franz MJ, Monk A, Barry B, McClain K, WeaverQooper N, Upham P, Bergenstal
R, Mazze RS. Effectiveness of medical nutritiorrdipg provided by dietitians in the
management of non-insulin-dependent diabetes onll# randomized, controlled
clinical trial. J Am Diet Assoc. 1995; 95: 1009-17.

112.Hebert JR, Ebbeling CB, Ockene IS, Ma Y, Riddvierriam PA, Ockene JK, Saperia
GM. A dietitian-delivered group nutrition prograealds to reductions in dietary fat,
serum cholesterol, and body weight: the WorcesteaATial for Counseling in
Hyperlipidemia (WATCH). J Am Diet Assoc. 1999; %14-52.

39



113.Delahanty LM, Sonnenberg LM, Hayden D, NatBadh Clinical and cost outcomes
of medical nutrition therapy for hypercholesteroigna controlled trial. J Am Diet
Assoc. 2001; 101: 1012-23.
114.Powers MA, Cuddihy RM, Wesley D, Morgan B. @Gamous glucose monitoring
reveals different glycemic responses of moderatdrigh-carbohydrate lunch meals in
people with type 2 diabetes. J Am Diet Assoc. 2Q1@M; 1912-5.
115.Pearce KL, Noakes M, Keogh J, Clifton PM. Efffef carbohydrate distribution on
postprandial glucose peaks with the use of contisgwcose monitoring in type 2
diabetes. Am J Clin Nutr. 2008; 87: 638-44.
116.Gerhard GT, Ahmann A, Meeuws K, McMurry MP diB, Connor WE. Effects of
a low-fat diet compared with those of a high-morsatarated fat diet on body weight,
plasma lipids and lipoproteins, and glycemic conindiype 2 diabetes. Am J Clin
Nutr. 2004; 80: 668-73.
117.Tapsell LC, Gillen LJ, Patch CS, Batterham Mie@ A, Baré M, Kennedy M.
Including walnuts in a low-fat/modified-fat diet proves HDL cholesterol-to-total
cholesterol ratios in patients with type 2 diabelRiabetes Care. 2004 ; 27: 2777-83.
118.Mantzoros CS, Williams CJ, Manson JE, MeigsHBFB. Adherence to the
Mediterranean dietary pattern is positively asgedavith plasma adiponectin
concentrations in diabetic women. Am J Clin Nu@0@; 84: 328-35.
119. American Association of Clinical Endocrinolsigi & ADA Consensus statement.
Diabetes Care 2009; 32: 119-31.
120. American Diabetes Association RecommendatDiahetes Care 2011; 34 (Suppl 1):
S45-46.
121.Levetan CS, Passaro M, Jablonski K, Kass Nh&®&RE. Unrecognized diabetes
among hospitalized patients. Diabetes Care. 1998448-9.
122.Kripalani S, Jackson AT, Schnipper JL, Coleda&n Promoting effective transitions
of care at hospital discharge: a review of key issaehospitalists. J Hosp Med.
2007; 2: 314-23.
123.Forster AJ, Murff HJ, Peterson JF, Gandhi B&tes DW. The incidence and severity
of adverse events affecting patients after disa&mgnm the hospital. Ann Intern
Med. 2003; 138: 161-7.
124.Lauster CD, Gibson JM, DiNella JV, DiNardo Kgrytkowski MT, Donihi AC.
Implementation of standardized instructions foulmsat hospital discharge. J Hosp
Med. 2009; 4: E41-2
125.Wood ER. Evaluation of a hospital-based edmegirogram for patients with
diabetes. J Am Diet Assoc. 1989; 89: 354-8.
126.Muhlhauser I, Bruckner |, Berger M, Ga®, Jorgens V, lonescu-Tirgeta C,
Scholz V, Mincu I. Evaluation of an intensified iig treatment and teaching
programme as routine management of type 1 (ingldpendent) diabetes. The
Bucharest-Dusseldorf Study. Diabetologia. 1987;681-90.
127.Feddersen E, Lockwood DH. An inpatient diabettucator's impact on length of
hospital stay. Diabetes Educ. 1994; 20: 125-8.
128.Roman SH, Chassin MR. Windows of opporturgtyriprove diabetes care when
patients with diabetes are hospitalized for otlwgddtions. Diabetes Care. 2001; 24:
1371-6.
129.Koproski J, Pretto Z, Poretsky L. Effects ofiatervention by a diabetes team in
hospitalized patients with diabetes. Diabetes CE87; 20: 1553-5.
130.Levetan CS, Passaro MD, Jablonski KA, RatrterlBfect of physician specialty on
outcomes in diabetic ketoacidosis. Diabetes C&@9;122: 1790-5.

40



131.Levetan CS, Salas JR, Wilets IF, Zumoff B. aetpf endocrine and diabetes team
consultation on hospital length of stay for patsentith diabetes. Am J Med. 1995;
99: 22-8.

132.Avanzini F, Marelli G, Donzelli W, Busi G, Game S, Bellato L, Colombo EL,
Foschi R, Riva E, Roncaglioni MC, De Matrtini M; De®iabetes Diagram Study
Group. Transition from intravenous to subcutanensslin: effectiveness and safety
of a standardized protocol and predictors of ougampatients with acute coronary
syndrome. Diabetes Care. 2011; 34:1445-50.

41



Addendum

Proposed insulin protocol for cardiology intensive care unit:

«  Use rapid-acting insulin analogs (50 units dilute&0 ml Glucose 5%)

« A parallel infusion of Glucose 5% is also set up

« A total amount of 150 g of carbohydrates a daytbase given (including both Glucose
5% infusion and oral food)

174

Initial dose: the initial dose of insulin depends on the admissiond glucose (BG):

Admission BG Insulin dose

180 — 300 mg/dL
(10 - 16.6mmoSIJ/L) 2Uh
300 — 400 mg/dL
(16.6 - 22.2 mmol/L)
> 400 mg/dL
(22.2 mmol/L)

3U/h

4 U/h

Then, insulin dosage will be adapted to BG level (monitoredl hour after initiation, then
every 2 hours):

BG level Insulin dose
< 80 mg/dL (4.4 mmol/L) Stop insulin
80 — 140 mg/dL (4.4 — 7.8 mmol/L) N by 0.5 U/h
140 — 180 mg/dL (7.8 — 10 mmol/L) =>» unchanged
180 — 300 mg/dL(10 — 16.6 mmol/L) 2 by 1 U/h
> 300 mg/dL (16.6 mmol/L) 2 by 1.5 U/h

In patients older than 75 years old, insulin dosage could be adapted to BG as follows:

BG level Insulin dose
< 80 mg/dL (4.4 mmol/L) Stop insulin
80 — 140 mg/dL (4.4 — 7.8 mmol/L) Stop insulin
140 — 180 mg/dL (7.8 — 10 mmol/L) =>» unchanged
180 — 300 mg/dL(10 — 16.6 mmol/L) 2 by 0.5 U/h
> 300 mg/dL (16.6 mmol/L) 2 by 1U/h

« If the patient eats, a bolus of insulin will be givwith an initial bolus dose of 4 Units|.
Thereatfter, the bolus dose will be adapted accordinige post-prandial BG levels.
+ In cases ofmild hypoglycaemia (BG < 80 mg/dL [4.4 mmol/L]), insulin infusion ig
stopped and 15 g oral sugar is given to the patlBGt testing is performed every 3
minutes and insulin infusion is re-started when B®40 mg/dL (7.8 mmol/L) with half
of the previous insulin infusion rate.
. In cases ofsevere hypoglycaemia (BG <40 mg/dL [2.2 mmol/L]), Glucose 30% i$
injected into the patient
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Proposed protocol for transition from intravenousto subcutaneousinsulin (according to
Avanzini et al) (132)

1. Calculate the average insulin intravenous infusaig in the last 12 hours to obtain the
mean hourly rate and multiply by 24 to get theltdaly insulin requirement.

2. Halve this 24-h insulin dose to obtain the longragrinsulin analog dose and total daily]
rapid-acting insulin analog dose.

3. Give the long-acting insulin analog subcutaneousadose 2h before the first meal ang
the discontinuation of intravenous glucose infusions

4. Split the total daily rapid-acting insulin analogse into 20% at breakfast, 40% at lunch
and 40% at dinner, according to a similar distignutof carbohydrates in the typical
Mediterranean diet.
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Unknown Acute coronary syndrome Known

diabetes | diabetes
Admission _ Stop antidiabetic drugs if any
|
Admission Admission glucose > 180 mg/dL and/or
Admission glucose > 180 mg/dL glucose preprandial glucose > 140 mg/dL at follow-up
No Yes No Yes
/\ /\
Continuous IV insulin VL A
Non insulin- Insulin-treated Non insulin- Insulin-treated
treated diabetes diabetes treated diabetes diabetes
Fasting glucose —» Adapt treatment D_aLl l l l

Fasting glucose Continue / adapt continuous continuous

previous insulin regimen IV insulin IV insulin

HbAlc
<6.5% > 6.5% HbAlc
Diabetes is diagnosed
See diabetologist*
; According to follow-up Insulin treatment*
\ At discharge Antidiabetic drugs to be adapted
+ insulin treatment*
Coordinated follow-up _Coordinated follow-up_______________( Coordinated follow-up
v

Oral glucose tolerance test

*A diabetologist should see the following patients:
* before discharge:

Day 7 — Day 28

-Diagnosis of unknown diabetes

Normal Impaired fasting glucose Diabetes
and/or
l Impaired glucose tolerance l
Reassessment Diabetes prevention Coordinated follow-up
1 year later Referral to cardiac rehabilitation
center

Summary of the consensus statement on car e of the hyper glycaemic/diabetic patient during and in theimmediate follow-up of an ACS

I
OGTT

-Known diabetes with
-new onset insulin therapy
-and/or HbAlc 2 8.0%
-and/or severe / repeated hypoglycemia
« after discharge:
-Diabetes diagnosed with the OGTT
-During cardiac rehabilitation, if significant hyperglycaemia
and/or severe/repeated hypoglycaemia
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