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OST PHYSICIANS WILL EN-

counter acutely ill patients

who develop hyperglyce-
mia. A third of all persons admitted to
an urban general hospital had fasting
glucose levels exceeding 126 mg/dL (7
mmol/L), or 2 or more random glu-
cose levels exceeding 200 mg/dL (11.1
mmol/L); a third of those patients with
hyperglycemia did not have a prior di-
agnosis of diabetes.! Physicians often
perceive hyperglycemia as a conse-
quence of stress that runs parallel to the
clinical course of an acute illness. Cli-
nicians often start treatment of hyper-
glycemia only after glucose levels have
exceeded 200 to 250 mg/dL (11-14
mmol/L). One reason for this is the per-
ception that avoidance of hypoglyce-
mia and its potential consequences is
more important than glycemic con-
trol while patients are hospitalized. We
discuss the evidence supporting the hy-
perglycemic milieu as a risk factor for
adverse outcomes in the acutely ill pa-
tient with and without known diabe-
tes, and we focus on the efficacy and
safety of implementing tighter glyce-
mic control for hospitalized patients.

Pathophysiology of Hyperglycemia

In healthy persons without diabetes, the
serum glucose concentration is closely
regulated. In the overnight fasted state,
euglycemia occurs because the rate of
hepatic glucose production equals the
rate of glucose uptake. Following a
meal, the increase in serum glucose is
accompanied by a rapid increase in in-
sulin and a prompt decrease in gluca-
gon. These changes result in a de-
crease in hepatic glucose production
and an increase in peripheral glucose
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uptake, thereby preventing the peak se-
rum glucose level from exceeding 150
mg/dL (8.3 mmol/L).

During illness, stress increases the
concentration of counterregulatory hor-
mones (glucagon, epinephrine, corti-
sol, and growth hormone) and cyto-
kines. Counterregulatory hormones
cause hyperglycemia by increasing he-
patic glucose production and by de-
creasing peripheral glucose uptake. Cy-
tokines, as mediators of the systemic
inflammatory response, may have hy-
perglycemic effects through stimula-
tion of counterregulatory hormone se-
cretion. Similar degrees of stress cause
an even greater derangement in glu-
cose metabolism in patients with dia-
betes who have insulin resistance and
impaired insulin secretion. During ill-
ness, patients with diabetes may ex-
hibit greater glucose response to coun-
terregulatory hormones and may not
sufficiently increase insulin secretion as
a compensatory response.

Causes of Hyperglycemia

In patients with and without diabetes,
potential causes of hyperglycemia
should be sought. Hyperglycemia can
result from insufficient doses of insu-
lin (including an inadequate sliding
scale administration of short-acting
insulin).? Unexplained hyperglycemia
may be a sign of infection or inflam-
mation due to the effects of increased
hormone and cytokine levels. Hyper-
glycemia can also result from the pro-
vision of excessive calories from par-
enteral and enteral nutrition, as well as
from dextrose infusions that are com-
monly used for fluid resuscitation and
for the delivery of medications. For in-
stance, each liter of 5% dextrose or 0.5
L of 10% dextrose provides 170 kcal
(from 50 g of dextrose). Medications
formulated in fat emulsion such as pro-
pofol, a short-acting anesthetic agent

used for sedation in the intensive care
unit (ICU), provide the same calories
(1.1 kcal/mL) as an identical infusion
rate of the 10% fat emulsion used in par-
enteral nutrition. Patients treated with
peritoneal dialysis may develop hyper-
glycemia due to absorption of dex-
trose from the high-dextrose dialysis
fluid. Frequently administered medi-
cations that can result in hyperglyce-
mia include corticosteroids, sympatho-
mimetics, and immunosuppressants
(eg, cyclosporine, tacrolimus).’

Effects of Hyperglycemia

Over the short term, hyperglycemia can
adversely affect fluid balance (through
glycosuria and dehydration) and im-
mune function, and it can promote in-
flammation.*° In vitro studies docu-
ment that hyperglycemia is associated
with abnormalities in white blood cell
function (granulocyte adhesion, che-
motaxis, phagocytosis, respiratory burst
and superoxide formation, and intra-
cellular killing). These abnormalities,
however, improve with glucose con-
trol.* In addition, hyperglycemia may
also impair complement activity. Glu-
cose, through complement glycation,
may compete with microorganisms for
the attachment of complement, inhib-
iting opsonization.

Observational studies indicate that hy-
perglycemia in patients without diabe-
tes is a risk factor for adverse outcomes
during acute illness. Two meta-
analyses of observational studies quan-
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tified the impact of hyperglycemia on the
prognosis of patients without diabetes
following myocardial infarction and
stroke.”® In patients who had just ex-
perienced myocardial infarction, glu-
cose values in excess of 110 to 144
mg/dL (6.1-8.0 mmol/L) were associ-
ated with a 3-fold increase in mortality
(odds ratio, 3.9; 95% confidence inter-
val, 2.9-5.4) and a higher risk of heart
failure.” In patients who had experi-
enced ischemic stroke, glucose values in
excess of 6.0 to 8.0 mmol/L (108-144
mg/dL) were associated with a 3-fold in-
crease in mortality (odds ratio 3.1;95%
confidence interval, 2.5-3.8) and ap-
pear to be related to the degree of per-
manent disability after the stroke.® Simi-
larly, observational studies in patients
with diabetes reveal an increase in the
risk of adverse outcomes."" !
Randomized trials of interventions in
acutely ill patients have also docu-
mented an association between hyper-
glycemia and adverse outcomes. The
Veterans Affairs Cooperative Study was
designed to test the hypothesis that peri-
operative parenteral nutrition would pre-
vent serious complications following
major surgery.'? Although patients re-
ceiving parenteral nutrition had fewer
noninfectious complications, infec-
tions were twice as common as in con-
trol patients. This higher infection rate
was associated with severe hyperglyce-
mia and provision of excess calories. A
serum glucose concentration greater
than 300 mg/dL (16.6 mmol/L) oc-
curred in 20% of patients receiving par-
enteral nutrition and in 1% of the con-
trol group. Likewise, a meta-analysis of
perioperative nutrition conducted 10
years ago showed that the 61% greater
infection risk in patients receiving par-
enteral nutrition compared with enter-
ally fed patients was confounded by the
difference in serum glucose levels in the
first 5 postoperative days (180 mg/dL [10
mmol/L] vs 150 mg/dL [8.3 mmol/L])."
And in a recently published random-
ized trial of enteral and parenteral nu-
trition, parenterally fed patients, who
had an average maximum serum glu-
cose level of 160 mg/dL (8.8 mmol/L),
had 42% more infections than the en-
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terally fed group, who had maximum se-
rum glucose levels of 144 mg/dL (8
mmol/L)."* Finally, 2 other random-
ized trials comparing growth hormone
with placebo in patients in the ICU af-
ter surgery, trauma, or acute respira-
tory tract failure, showed a 49% to 57%
increased risk of mortality in the growth
hormone treatment groups. This differ-
ence was confounded by 18 to 45 mg/dL
(1-2.5 mmol/L) higher glucose values in
the growth hormone groups.?

Benefits of Controlling
Hyperglycemia
Control of hyperglycemia during acute
illness, however, has been associated
with improved outcomes. In an obser-
vational study, the implementation of an
insulin infusion to maintain glucose lev-
els between 150 and 200 mg/dL (8.3-
11.1 mmol/L) decreased the risk of ster-
nal wound infections following coronary
artery bypass graft surgery by 58%.'¢
Also, Malmberg'” conducted a random-
ized trial of intensive insulin therapy
(from admission to 3 months after dis-
charge) in patients with diabetes after
myocardial infarction (DIGAMI trial).
According to this study, the 1-year mor-
tality rate was 29% lower in patients re-
ceiving intensive insulin therapy than in
the standard treatment group.'” In an-
other example, Van den Berghe et al'®
conducted a randomized trial of inten-
sive glycemic control (glycemic goal of
80-120 mg/dL [4.4-6.6 mmol/L]) com-
pared with usual care in a surgical ICU.
At the end of the study period, patients
with an average blood glucose concen-
tration of 103 mg/dL (5.7 mmol/L) ex-
perienced 44% lower mortality than pa-
tients with a blood glucose concentration
of 153 mg/dL (8.5 mmol/L).'8

This evidence strongly suggests that
hyperglycemia is associated with ad-
verse outcomes for hospitalized pa-
tients with and without diabetes (par-
ticularly death, disability after acute
cardiovascular events, and infections),
and that improvement in outcomes can
be achieved with improved glycemic
control. Postdischarge follow-up may
represent an opportunity for primary
care physicians to diagnose diabetes and

minimize diabetes-related complica-
tions. Physicians may also need to de-
termine whether patients with a his-
tory of hyperglycemia, while acutely ill,
are at high risk of diabetes. The latter
patients will require modifications in diet
and physical activity, interventions that
decrease the incidence of diabetes by
48% to 66%.%°

Researchers have not elucidated
whether the benefits discussed are due
to glycemic control or to the correction
of relative insulin deficiency. Hypergly-
cemia, however, could be a modifiable
risk factor for adverse outcomes; that s,
correction of hyperglycemia (with or
without insulin administration) may
normalize immune function and limit
the extent of neural tissue damage fol-
lowing ischemia. Alternatively, insulin
administration (with or without glyce-
mic control) may be responsible for the
improved outcomes. Insulin can en-
hance energy delivery to the ischemic
myocardium limiting myocardial dam-
age,”! and by decreasing circulating fatty
acids, insulin may normalize endothe-
lium-dependent vasodilation, replete in-
tracellular calcium, and prevent arrhyth-
mias.”> And through its anabolic effects,
insulin may promote tissue repair and
prevent transfusions, dialysis, and criti-
cal illness polyneuropathy.?

Avoidance of Hypoglycemia

While the technology to deliver tight
glycemic control in the critical care set-
ting is widely available (ie, pumps to
intravenously infuse short-acting insu-
lin and bedside glucose meters), imple-
menting a safe and effective program
may present logistical challenges.? One
safety concern relates to the potential
increase in the risk of hypoglycemia, but
interventional studies have reported
that patients receiving intensive glyce-
mic control did not have clinically im-
portant adverse consequences of hy-
poglycemia. The DIGAMI trial, for
example, reported no difference in the
incidence of arrhythmias or ischemic
events in patients after myocardial in-
farction with or without hypoglyce-
mia (defined as glucose level <54
mg/dL [3 mmol/L]).** And Van den
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Berghe et al reported a 60% increase in
the risk of hypoglycemia (defined as
glucose concentrations <40 mg/dL [2.2
mmol/L]) but reported no clinically ad-
verse consequences of these epi-
sodes.'® Similarly, a feasibility study of
intensive insulin therapy (glucose goal
of 72-126 mg/dL [4-7 mmol/L]) in pa-
tients after stroke resulted in no epi-
sodes of hypoglycemia (no glucose lev-
els <40 mg/dL [2.2 mmol/L]).”

The aforementioned trials rede-
signed the system of delivery of health
care in the ICU allowing for careful
monitoring of patients using well-
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defined algorithms to manage high and
low glucose levels, but there may be
multiple explanations for the report-
edly low incidence of hypoglycemia in
these studies. Among these, counter-
regulation (the ability to normalize glu-
cose concentrations after insulin-
induced hypoglycemia) may be intact
in critically ill patients with type 2 dia-
betes or without diabetes; continuous
infusion of glucose or nutrition along
with insulin (through a glucose and in-
sulin infusion as in the DIGAMI trial,
a glucose and insulin and potassium in-
fusion as in the stroke trial, and dex-

trose solutions and nutrition as in the
Van den Berghe et al trial) may mini-
mize the risk of hypoglycemia.'”'® Al-
ternatively, the recognition of adverse
consequences of hypoglycemia (ie, neu-
roglycopenic symptoms and signs) may
be hindered in critically ill patients.

Taken together, the existing data
strongly suggest that the hyperglyce-
mic milieu is a risk factor for adverse
outcomes in acutely ill patients. Fur-
ther research should focus on the op-
timal management of hyperglycemia in
hospitalized patients and the effect of
this on adverse outcomes.
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