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Abstract

management in the coronary care unit.
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The observation that elevated glucose occurs frequently in the setting of acute myocardial infarction was made
decades ago. Since then numerous studies have documented that hyperglycemia is a powerful risk factor for
increased mortality and in-hospital complications in patients with acute coronary syndromes. While some
questions in this field have been answered in prior investigations, many critical gaps in knowledge continue
to exist and remain subjects of intense debate. This review summarizes what is known about the relationship
between hyperglycemia, glucose control, and outcomes in critically ill patients with acute coronary syndromes,
addresses the gaps in knowledge and controversies, and offers general recommendations regarding glucose

Relationship between Glucose Levels
and Outcomes in Patients with Acute
Myocardial Infarction

Among various cardiovascular disorders, the
relationship between glucose levels and outcomes has
been studied most extensively among patients with
acute myocardial infarction (AMI). Numerous studies
have demonstrated that hyperglycemia is common and
is associated with a higher risk of mortality and in-
hospital complications in this patient group.!*® While the
definition of hyperglycemia varies across different
studies, several large observational investigations have

demonstrated that elevated admission glucose (random
glucose value >140 mg/dl—the definition of hyperglycemia
used by the American Heart Association”) occurs in
51-58% of patients presenting with AMI>?® Although
some patients with AMI may experience resolution of
hyperglycemia during hospitalization, in most cases,
hyperglycemia persists throughout the hospital course.
Recent analysis of nearly 17000 patients hospitalized with
AMI showed that 41% of AMI patients have persistent
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hyperglycemia (mean hospitalization glucose >140 mg/dl)
and about 14% have persistent severe hyperglycemia
(mean hospitalization glucose >200 mg/dl).?

The relationship between higher glucose levels and
increased mortality risk in AMI has been shown across
various glucose metrics. Among these, admission glucose has
been evaluated the most thoroughly. The largest epidemio-
logic study that evaluated the relationship between
admission glucose levels and mortality in AMI patients
was the analysis from the Cooperative Cardiovascular
Project.? In a cohort of 141,680 elderly patients, a clear,
linear relationship was demonstrated between admission
glucose levels and both 30-day and 1-year mortality
(Figure 1). Other studies have confirmed these findings,
showing a significant increase in the risk of short- and
long-term mortality in hyperglycemic AMI patients,'> 2!
and extended it to the entire range of acute coronary
syndromes, including ST elevation myocardial infarction,
non-ST elevation myocardial infarction, and unstable
angina.>® A similar relationship between elevated glucose
and increased risk of death has also been demonstrated
with other glucose metrics, such as fasting glucose.>-32
Moreover, elevated admission glucose was shown to
have an association with other adverse outcomes, such
as “no-reflow” phenomenon after percutaneous coronary
intervention, worse left ventricular systolic function, and
higher rates of heart failure.5%2??

Importantly, the association between hyperglycemia
and increased risk of death is not limited to the initial
stages of AMI hospitalization. To the contrary, persistent
hyperglycemia during hospitalization is even more
prognostically important than hyperglycemia on admission.
Clear evidence for this concept comes from analysis
of nearly 17000 patients hospitalized with AMI?
Results from this study have clearly demonstrated a
powerful relationship between average glucose during
hospitalization and in-hospital mortality (Figure 2).
Epidemiologic analyses from randomized clinical trials of
glucose-insulin—-potassium (GIK) therapy [Clinical Trial of
Reviparin and Metabolic Modulation in Acute Myocardial
Infarction Treatment Evaluation-Estudios Cardiologicos
Latin America (CREATE-ECLA)]** and studies of intensive
glucose control in AMI [Hyperglycemia: Intensive
Insulin Infusion in Infarction (HI-5)] 3* also confirmed
the relationship between persistent hyperglycemia and
increased mortality risk.

The relationship between higher admission and average
glucose levels and mortality is not limited to patients
with diabetes. In fact, studies show that it is even more
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Figure 1. Relationship between admission glucose levels and mortality
at 30 days and 1 year in patients with AMIL Reproduced with
permission from Circulation.?
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Figure 2. Relationship between average glucose levels during
hospitalization and in-hospital mortality in patients with AMI after
multivariable adjustment (reference: mean blood glucose 100 to <100).
Reproduced with permission from Circulation.?

pronounced among AMI patients without established
diabetes as compared with those who have known
diabetes.> 2 Specifically, mortality rises steeply in patients
without recognized diabetes above a mean hospitalization
glucose level of 120 mg/dl. However, among patients
with known diabetes, only those patients with severe,
sustained hyperglycemia (mean hospitalization glucose
2200 mg/dl) experience a significantly higher risk of
death compared with those whose mean glucose is
<110 mg/dl (Figure 2).2

Relationship between Dynamic
Changes in Glucose Levels during AMI
Hospitalization and Patient Outcomes

Several observational studies have examined whether
changes in glucose levels during hospitalization are
associated with mortality in the setting of AMI, whether
specific therapies used for glucose lowering during hospital
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stay (such as insulin) can impact patient outcomes,
and which specific glucose levels achieved during
hospitalization are associated with the best outcomes.

In the retrospective analysis of 1469 AMI patients with a
baseline glucose of =140 mg/dl enrolled in the Complement
and Reduction of Infarct Size after Angioplasty or Lytics
(CARDIAL) trial, a drop in glucose of =30 mg/dl during
the first 24 hours of hospitalization was associated
with a lower risk of 30-day mortality, while no change
or increase in glucose values was associated with a
higher risk of death.*® These results were confirmed and
expanded in a large observational study of nearly 8000
initially hyperglycemic patients hospitalized with AMI
in the United States. Results from this investigation
demonstrated that glucose normalization following
admission to a hospital was associated with a significant
reduction in hospital mortality, even after adjusting for
numerous potential confounders (Figure 3).% Specifically,
patients with postadmission glucose levels of 80-130 mg/dl
experienced the lowest mortality.
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Figure 3. Association between glucose normalization and risk of
death during AMI hospitalization. Reproduced with permission from
Archives of Internal Medicine.®

Relationship between Insulin Therapy and

Outcomes in Hyperglycemic Patients with
AMI

Few observational studies have evaluated the impact of
in-hospital insulin therapy on mortality in hyperglycemic
AMI patients. Insulin remains the most effective method
of glucose lowering in the inpatient setting. Small,
mechanistic studies suggested that insulin may have anti-
inflammatory, profibrinolytic, and antiapoptotic properties
and can inhibit the generation of reactive oxygen species
and improve myocardial blood flow.”-* However, whether

insulin therapy is associated with any clinical benefit in
AMI above and beyond its associated glucose-lowering
effect is unclear. One observational study showed
that patients with severe hyperglycemia on admission
[>11 mmol/liter (~200 mg/dl)] and no prior history of
diabetes had a 56% relative risk increase in mortality
at 7 days if they did not receive insulin during
hospitalization as compared with similar patients who
received insulin therapy.*® However, this study was unable
to determine whether patients that received insulin
actually had better glucose control during hospitalization.

The largest and most methodologically rigorous study to
address this issue evaluated nearly 8000 hyperglycemic
patients with AMI and used propensity matching to
minimize confounding associated with the decision
to initiate insulin therapy during hospitalization.®
While glucose normalization was associated with better
survival, there was no significant association between
insulin therapy per se and mortality. In fact, patients
whose glucose levels normalized after hospital admission
did equally well regardless of whether glucose normalized
spontaneously or after initiation of insulin therapy.
Similarly, there was no significant difference in mortality
among patients who remained hyperglycemic following
insulin administration and those who remained hyper-
glycemic without receiving treatment. These findings
suggest that any possible benefits of insulin therapy are
likely mediated through the control of blood glucose and
that it is the glucose value, rather than insulin treatment
per se, that appears to be a more important predictor
of patient outcomes.

Clinical Trials of Glucose Control in AMI

Although prior observational studies have demonstrated
a powerful relationship between hyperglycemia and
mortality in patients with AMI, these data do not answer
the critical question: is hyperglycemia directly harmful
or is it simply a marker of illness severity in this patient
group? Prior physiologic studies show that elevated
glucose is associated with microvascular dysfunction,*48
vascular inflammation,%-5! prothrombotic state 558
endothelial dysfunction,®® and generation of reactive
oxygen species.%®! In addition, hyperglycemia has
been linked with higher free fatty acid concentrations
(which could have a proarrhythmic effect) and impaired
myocardial glucose use, increasing the consumption
of oxygen and potentially worsening ischemia.®>¢® All of
these mechanisms may increase myocardial injury in a
setting of AMI and may explain the relationship between
poor glucose control and adverse outcomes in this patient

J Diabetes Sci Technol Vol 3, Issue 6, November 2009

1344

www.journalofdst.org



An Overview of Glycemic Control in the Coronary Care Unit with Recommendations for Clinical Management

Kosiborod

group. However, to definitively determine whether
hyperglycemia is directly harmful, well-designed
randomized clinical trials of target-driven intensive
glucose control in hospitalized AMI patients are needed.
Due to the lack of such trials, this question cannot be
currently answered with certainty. Nevertheless, some
conclusions can be drawn from the smaller clinical trials
performed to date.

The original Diabetes Mellitus Insulin Glucose Infusion
in Acute Myocardial Infarction (DIGAMI) study®
randomized hyperglycemic patients (average glucose at
randomization >275 mg/dl) to either standard therapy
or intravenous glucose—insulin infusion titrated to achieve
a prespecified target of 126-196 mg/dl during the acute
phase, followed by multidose subcutaneous insulin
injections for 3 months. Following randomization, clinically
and statistically lower glucose levels were achieved in
the glucose control patients (<173 mg/dl) versus control
(=211 mg/dl) at 24 hours, and a significant difference was
maintained through discharge. Lower mortality was
observed in the glucose control patients (vs control) at
discharge and at 3 months, but this mortality difference
only reached statistical significance after 1 year of follow-
up. Whether this mortality reduction was due to acute
glucose lowering in-hospital, chronic glucose control
postdischarge, or both could not be determined.

The HI-5 study used a similar design to DIGAMI (target
was 72-180 mg/dl in the intensive arm), but failed to
achieve a statistically significant difference in glucose
values between intensive and conventional glucose
groups (149 mg/dl vs 162 mg/dl postrandomization,
p = not significant).>* Nevertheless, while mortality rates
were not significantly different between the groups, the
prespecified end points of reinfarction and heart failure
were markedly lower in patients who received intensive
glucose control. The DIGAMI-2 study also failed to
achieve a significant glucose contrast between the groups
and was similarly mortality neutral.®® Finally, a small,
but elegant, randomized trial demonstrated that intensive
glucose control with the Yale protocol (achieved glucose
128 mg/dl) improved left ventricular ejection fraction
and reduced inflammation and apoptosis markedly (as
measured by caspase-3 levels) in peri-infarction areas
as compared to conventional control (achieved glucose
193 mg/dl).®® However, this study was designed only to
evaluate surrogate end points.

The remaining studies in AMI have predominantly tested
the GIK hypothesis and were not designed to study
target-driven glucose control. Studies such as the Polish

Glucose-Insulin-Potassium (POL-GIK)®” or the much
larger CREATE-ECLA?% assigned patients to a fixed-dose
GIK infusion regardless of their initial glucose values and
had no prespecified glucose targets. As an example, in
the POL-GIK study,” the initial glucose at randomization
was =124 mg/dl. In CREATE-ECLA,* postrandomization
glucose values were actually higher in the GIK group
than in the control group. Thus, the GIK studies were
never designed to evaluate targeted glucose control with
insulin and their findings should not be used in guiding
decisions about glucose management in AML

Thus, while clinical trial data for glucose control in AMI
are scarce and inconclusive, the overall balance of evidence
points toward a possible clinical benefit associated with
intensive glucose control. Although one might be tempted
to look for more definitive answers in the critical care
field, this can also be problematic. First, findings from
patients hospitalized with surgical illness, trauma, and
sepsis cannot be simply extrapolated to those with AML
The pathophysiology of these conditions is different, and
the treatment thresholds and targets may be distinct
as well. Prior studies have suggested that because the
relationship between glucose values and mortality can
change across various cardiovascular conditions,>®® it may
also vary substantially between cardiac and noncardiac
disease states.

Second, data from randomized trials in critically
ill patients are conflicting. The original (single-center)
Leuven study showed dramatic reductions in mortality
and complications in the surgical intensive care unit
population with intensive glucose control as compared
to usual care® However, these findings have not
been reproduced in several subsequent and larger
studies, most of which have been mortality neutral”073
The Normoglycemia in Intensive Care Evaluation
and Survival Using Glucose Algorithm Regulation
(NICE-SUGAR) clinical trial actually showed higher
mortality in the intensive glucose control arm, which
raised an alarm in the critical care community.”
However, results of NICE-SUGAR need to be interpreted
in the context of the study design. It is important to
understand that NICE-SUGAR compared “very intensive”
glucose control to “good” glucose control, not to usual
care. Specifically, an intravenous insulin protocol was
used when needed in the control arm, producing
an average glucose of =142 mg/dl in those patients.
This glucose value was lower than what was achieved
in the control groups of other critical care studies,
lower than what was achieved in the intensive arm of
most AMI studies, and lower than what is typically
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seen in routine clinical care. Thus, the most appropriate
conclusion from the NICE-SUGAR study is that good
glucose control (with values somewhere between 140
and 180 mg/dl) is “good enough” and more aggressive
control provides no additive benefit (and could possibly
be harmful) in the critical care setting.

Current Patterns of Hyperglycemia
Management in Hospitalized AMI Patients

While specific glucose levels at which treatment should
be initiated remain highly debatable, current consensus
is that treatment with insulin should be considered in
AMI patients with severe hyperglycemia (>180 mg/dl).>"”
A large study of AMI patients hospitalized in the
United States from 2000 to 2005 showed that among
patients with severe, sustained hyperglycemia (mean
hospitalization glucose =200 mg/dl), nearly 40% of patients
did not receive any insulin therapy.”® Moreover, there
was substantial variability in insulin treatment rates
across the 40 participating medical centers.”” A study
performed in the United Kingdom also showed that 64%
of patients without diabetes with admission glucose
=11 mmol/liter (~200 mg/dl) received no glucose-lowering
treatments during hospitalization.*® The key reasons for
poor treatment rates among AMI patients with severe
hyperglycemia include lack of convincing evidence from
prior clinical trials that target-driven glucose control
improves outcomes in AMI, fear of hypoglycemia,
unfamiliarity with effective and safe tools of glucose
control, and clinical inertia. Addressing the first of these
barriers will need to await the conduct of definitive
large randomized trials in AMI; the other barriers are
discussed briefly here.

The Prognostic Importance of
Hypoglycemia in Patients with AMI

Since therapy of hyperglycemia in the AMI setting
necessitates the use of insulin, concern about the short-—
term and long-term impact of hypoglycemia persists.
Several prior studies have shown that glucose values in
the hypoglycemic range may adversely impact mortality
in AMI Studies by Svensson and colleagues and
Pinto and associates demonstrated that random glucose
values <55 and <81 mg/dl, respectively, were associated
with a marked increase in mortality (93% increase in
the adjusted relative risk of 2-year mortality in the
study by Svensson and colleagues).?”® One of the larger
observational studies also demonstrated a J-shaped
relationship between average glucose values during
hospitalization and in-hospital mortality (Figure 2).2

Specifically, patients with a mean hospitalization glucose
of <70 mg/dl experienced a marked increase in the odds
of mortality (64, p = 0.01) when compared to patients
with a mean glucose of 100 to <110 mg/dl. Whether
hypoglycemia is directly harmful in patients with AMI
or whether it is simply a marker for the most critically
ill patients (with liver insufficiency, sepsis, or shock) was
evaluated in a large observational study” The authors
demonstrated that while hypoglycemia was associated
with increased short-term mortality in patients hospitalized
with AMI, this risk was confined to those who
developed hypoglycemia spontaneously as the result of
severe illness. In contrast, hypoglycemia that occurred
after insulin initiation was not associated with a higher
mortality risk. Retrospective analysis of the DIGAMI 2
study also showed no significant association between
hypoglycemia and mortality after adjustment for
confounders®® These findings suggest that hypoglycemia
is a marker of severe illness rather than a direct cause
of adverse outcomes. While continuous efforts to avoid
hypoglycemia are certainly warranted, these studies
offer some degree of reassurance to clinicians in their
efforts to control glucose in the setting of AMIL

Can Glucose Control Be Implemented
Safely and Effectively in the Cardiac Care
Unit?

Numerous glucose-control protocols have been developed,
and several of these have been extensively tested and
demonstrated to be effective and safe’?52 Typically,
dynamic protocols (those that take into account not
only the current glucose value, but the direction and
magnitude of change in glucose over time, as well as
patients” insulin sensitivity) are preferred in the critical
care setting. While experience with these protocols in
patients with AMI is relatively limited, data from the
Mid America Heart Institute show that such protocols
can be adapted easily to the AMI patient population
with few modifications.®® Specifically, a modification of
the Yale protocol was highly effective in rapidly achieving
and maintaining glucose control. Mean 24-hour glucose
was reduced markedly in initially hyperglycemic patients
treated with the protocol as compared to similar patients
prior to protocol implementation (135 mg/dl vs 181 mg/dl,
p < 0.001). The rate of severe hypoglycemia was low.
These results suggest that the use of evidence-based,
effective, and safe protocols is highly preferable when
and if clinicians choose to implement glucose control
in their coronary care units. Several such protocols
(including the Yale protocol) are freely available in the
public domain. %
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Relationship between Glucose Levels
and Outcomes in Acute Cardiovascular
Conditions Other Than AMI

Studies of patients undergoing cardiothoracic surgery are
reviewed in a separate publication in this symposium.
Aside from patients with AMI and those undergoing
cardiothoracic surgery, data regarding the relationship
between glucose levels and mortality in patients with
other cardiovascular conditions (aside from AMI) are
much more limited.

Other than AMI, perhaps the most commonly encountered
reason for hospitalization in the coronary care unit is
decompensated heart failure (HF). Several initial, smaller
studies suggested that higher glucose is associated with a
greater mortality risk in hospitalized patients with HF.84-%
However, the largest observational study to address
this issue did not confirm these findings. Using data
from the nationally representative cohort of over
50,000 elderly patients hospitalized with HE the authors
demonstrated that hyperglycemia occurs in nearly half
of patients hospitalized with HF. However, they found
no significant, graded association between glucose
values on admission and short- and long-term mortality
(Figure 4).°8 The lack of relationship between glucose
levels and risk of death was seen despite the greater
severity of HF on presentation observed in hyperglycemic
patients.

These findings show that a strong association between
glucose values and increased mortality risk observed in
AMI cannot be simply extended to patients hospitalized
with other acute cardiovascular conditions. They also imply
that the implementation of intensive glucose control
protocols in hyperglycemic patients with HF may be
premature.

Summary and Recommendations

In summary, numerous studies have definitively
established that hyperglycemia is highly prevalent
and associated with an increased risk of death and in-
hospital complications and that resolution of on-arrival
hyperglycemia is associated with improved survival in
patients hospitalized with AMI. However, due to the
lack of appropriately designed randomized trials, the
definitive answer in regards to glucose management
in patients with AMI, including treatment thresholds
and glucose targets, is lacking. A large, multicenter
randomized trial of target-driven glucose control in AMI
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Figure 4. Association between admission glucose and mortality at
30 days (A) and 1 year (B) in patients hospitalized with HF.
Reproduced with permission from Circulation.%

is clearly needed and is the next necessary and logical
step. Until such a trial is completed, continuing a strategy
of “good, but not too aggressive” glucose control in AMI
continues to be a sound approach. Such an approach
is supported by the American Heart Association’s
position statement on hyperglycemia in acute coronary
syndromes,” as well as by other professional societies.”

Such glucose management strategy should include the
following components:

1. Glucose levels should be assessed and closely
monitored in AMI patients hospitalized in a coronary
care unit.

2. Glucose treatment initiation should be considered at a
threshold of >180 mg/dl.
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3. When glucose control strategy is pursued, glucose
treatment targets should be within the conservative
range of 140-180 mg/dl. While lower treatment targets
(between 110 and140 mg/dl) may be reasonable in some
patients, glucose levels <110 mg/dl are discouraged,
as there is no evidence that more aggressive glucose
lowering is beneficial.

4. Evidence-based protocols should be used if and when
glucose control strategy is implemented. In general,
protocols based on intravenous insulin infusion are
preferred in the critical care setting. Such protocols
should have the following properties: (a) be previously
published in peer-reviewed journals and demonstrated
to be effective and safe; (b) be tested in a variety of
clinical settings and patient populations; (c) take into
consideration not just the current glucose level, but
the rate of change in glucose values, as well as insulin
sensitivity; (d) provide explicit directions on the
frequency of glucose testing depending on the clinical
conditions; and (e) provide specific instructions on
hypoglycemia management.

Implementation of glucose-control protocols in coronary
care units is best accomplished through a multi-
disciplinary team effort, which includes collaboration
among cardiologists, endocrinologists, and nursing
staff, as well as administrative support. Collection
of unit-specific data regarding glucose control and
rates of hypoglycemia both before and after protocol
implementation is recommended to document institution-
specific effectiveness and safety.
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