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Assessment and treatment of hyperglycemia in

critically ill patients

Avaliacio e tratamento da hiperglicemia em pacientes graves

ABSTRACT

Hyperglycemia is a commonly
encountered issue in critically ill patients
in the intensive care setting. The presence
of hyperglycemia is associated with
increased morbidity and mortality,
regardless of the reason for admission
(e.g., acute myocardial infarction, status
post-cardiovascular  surgery,  stroke,
sepsis). However, the pathophysiology
and, in particular, the treatment of
hyperglycemia in the critically ill patient
remain controversial. In clinical practice,
several aspects must be taken into

account in the management of these
patients, including blood glucose targets,
history of diabetes mellitus, the route
of nutrition (enteral or parenteral), and
available monitoring equipment, which
substantially increases the workload of
providers involved in the patients' care.
This review describes the epidemiology,
pathophysiology, management, and
monitoring of hyperglycemia in the
critically ill adult patient.
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INTRODUCTION

Despite advances in the management of patients with diabetes mellitus
(DM), this population still has a poorer prognosis after ischemic events
compared with nondiabetic patients. Hyperglycemia is a common issue in
critically ill patients, even in the absence of pre-existing DM, and is associated
with increased morbidity and mortality."” Stress hyperglycemia can be defined
as a blood glucose level >140 mg/dL without a previous history of diabetes
or glycated hemoglobin (HbAlc) >6.5%.? Although the Diabetes Insulin
Glucose in Acute Myocardial Infarction (DIGAMI) trial and studies conducted
in Leuven demonstrated the benefit of intensive glucose control in critically ill
patients, later studies failed to replicate these findings.®>

The objective of the present review is to analyze various aspects related to
glucose control in the critically ill patient and to define the optimal management
of hyperglycemia in these patients.

EPIDEMIOLOGY

It is difficult to define the incidence of acute hyperglycemia, which may
vary from 40-90%, depending on the threshold used to define abnormal levels
of glucose."*” Hyperglycemia in the critical care setting is associated with
a poor prognosis in patients with no history of DM. This association is well



documented for both admissions and the mean glucose
level during the hospital stay.” In a prospective cohort
study that evaluated patients with community-acquired
pneumonia, increased blood glucose levels on admission
were associated with increased mortality in patients with
no history of diabetes.®

The worldwide prevalence of diabetes is 2.8%. This
rate increases to approximately 15-30% among critically
ill patients."? In patients with pre-existing DM, the
presence of hyperglycemia has not been consistently
associated with a worse prognosis.®* Patients with diabetes
exhibited increased mortality in a cohort of patients with
community-acquired pneumonia, but this outcome was
not influenced by the levels of glucose on admission.®

PATHOGENESIS

Hyperglycemia may be an independent determinant
of the prognosis of critically ill patients or only a marker
of disease severity. The mechanisms underlying the
development of hyperglycemia in critical illness include a
release of counter-regulatory stresshormones (corticosteroids
and catecholamines) and proinflammatory mediators
and the administration of exogenous corticosteroids,
vasopressors, and parenteral solutions containing dextrose.
Gluconeogenesis, with glucagon as the prime mediator
(but also cortisol and epinephrine), seems to be the
most important contributor to stress hyperglycemia.®
Critical illness also deranges the immune system and the
inflammatory response. This response becomes nonspecific,
causing oxidative stress, mitochondrial dysfunction, cell
death, and tissue injury and ultimately leading to organ
failure (Figure 1).67)
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Figure 1 - Mechanism of stress hyperglycemia.
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BENEFITS OF INTENSIVE GLUCOSE CONTROL IN THE
INTENSIVE CARE UNIT SETTING

A series of clinical trials has been conducted to ascertain
the benefits of achieving strict blood glucose control
targets in critically ill patients (Table 1).#1%

In a Belgian clinical trial conducted in the city of
Leuven, the achievement of a strictly normoglycemic
target range (blood glucose 80-110mg/dL) by intravenous
insulin administration led to a 32% reduction in mortality
compared with more flexible glucose control (target range
180-215mg/dL) in a surgical intensive care unit (ICU)
setting.® The same team of investigators conducted a similar
trial in patients admitted to a medical ICU and found a
reduction in mortality only among patients who stayed in
the ICU for more than three days.”” However, in this study,
there was no difference in overall mortality. Additionally,
in a subgroup of patients staying in the ICU for less than
three days, mortality was higher in the intensive-treatment
group than in the conventional-treatment group (hazard
ratio 1.09; p=0.05).”

The Normoglycemia in Intensive Care Evaluation-Survival
Using Glucose Algorithm Regulation (NICE-SUGAR)
trial, the largest randomized trial conducted to date
with this objective, compared two insulin-based glucose
control strategies (target blood glucose <180mg/dL in the
control group versus a target range of 81-108mg/dL in the
intervention group) in a sample of 6104 ICU patients.”
In this trial, intensive glucose control was associated with
increased cardiovascular mortality, with an absolute
difference of 5.8%.% A series of meta-analysis conducted
after the NICE-SUGAR trial found no benefit for intensive
glucose control and confirmed that this strategy is associated
with an increased risk of hypoglycemia.’'"'¥ One factor that
may explain this difference in findings is the amount of
energy provided by parenteral nutrition in the Belgian study,
which provided significantly greater caloric intake compared
with the NICE-SUGAR trial. A metaregression analysis
demonstrated that there is a significant relationship between
the treatment effect (28-day mortality) and the proportion of
calories provided parenterally, suggesting that strict glucose
control may be beneficial when parenteral nutrition is
particularly energy rich.""

SPECIFIC SITUATIONS

Postoperative period

In a study of 263 patients undergoing vascular surgery,
intensive glucose control was associated with a reduction
in the composite endpoint of all-cause death, myocardial
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Table 1 - Findings of the main clinical trials designed to assess the efficacy of intensive glucose management in the intensive care unit setting

Trial Leuven 1 (N=1,548) Leuven 2 (N=1,200) NICE-SUGAR (N=6,104)

ICU type Surgical Medical Medical/Surgical

CG target (mg/dl) 180-215 180-215 140-180

IG target (mg/dl) <110 <110 <108

Diabetes, n (%) 204 (13) 203 (17) 1211(20)

Monitoring Gas analyzer Gas analyzer, HemoCue Gas analyzer, laboratory tests, glucose meter
Glucose measurement Arterial Arterial Arterial/Capillary*

Parenteral nutrition (%) 87 87 29.5

Energy intake (24 hours, Keal) 1,100 1,100 800

Insulin protocol Central line Central line Any route

Mortality (%) 4.61in1G versus 8 in CG (p<0.04)

Hypoglycemia (%) 5in1G versus 0.8 in CG

37.3in G versus 40 in CG (p=0.33)
18.1in1G versus 3.1 in CG

27.5in1G versus 24.9 in CG (p=0.02)
6.8 in1G versus 0.5 in CG

ICU - intensive care unit; IG - intervention group; CG - control group. * In the NICE-SUGAR trial, blood glucose was measured in arterial samples whenever possible, and capillary blood glucose

measurement was actively discouraged.

infarction, and acute heart failure."”> Moderately strict
blood glucose control (target range 110-150mg/dl)
throughout the hospital stay, added to the usual standard
of care in patients undergoing heart surgery, was associated
with a 6% reduction in infection rates and a 12% reduction
in atrial fibrillation, with no between-group differences in
mortality."” However, other studies have failed to show
any benefit, even in this subgroup of patients."?

Neurocritical care

Inastudy of 933 patients with an admission diagnosis
of stroke, strict glucose control was not beneficial in
reducing mortality or improving neurological outcomes.
However, this study was ended prematurely due to
difficulties in enrollment, thus limiting its statistical
power.” These findings were replicated in a later study,
which compared aggressive blood glucose control (target
range <130mg/dL) with conventional control (target
<200mg/dL) in 46 patients with ischemic stroke.'®
However, in another study of acute ischemic stroke
patients who developed hyperglycemia and did not have
a previous history of diabetes, intensive glucose control
was associated with improved 30-day neurological
performance, as measured by the National Institutes
of HealthStroke Scale (NIHSS) score, compared with
performance following conventional blood glucose
control."” In a meta-analysis that included studies on
only neurocritical patients, strict glycemic control had
no impact in mortality, although a less strict glycemic
target (140-180mg/dL) was associated with fewer
unfavorable neurological outcomes.*”
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Myocardial infarction

It is not known whether intensive blood glucose control
is associated with better outcomes in patients with acute
myocardial infarction (AMI). In the DIGAMI trial, patients
were randomized to receive either an insulin/glucose
infusion during the first 24 hours after admission, followed
by subcutaneous administration of intermediate- and
short-acting insulin four times daily for at least 3 months,
or standard DM treatment at the discretion of their care
providers. High cardiac risk was defined as meeting two
or more of the following criteria: age >70 years, a history
of previous AMI, a history of congestive heart failure, and
ongoing digitalis treatment. The patients were classified
into four predefined strata according to their history of
insulin use and their cardiac risk: 1, no insulin and low risk;
2, insulin and low risk; 3, no insulin and high-risk; and 4,
insulin and high risk. All other aspects of AMI management
were similar between the two groups. Although patients in
the intervention group (who received the insulin/glucose
infusion) had a slight reduction in in-hospital mortality
(9.1% versus 11.1%; nonsignificant) and 3-month
mortality (12.4% versus 15.6%; nonsignificant), only
1-year mortality was significantly lower in the intervention
group (18.6% versus 26.1%; relative mortality reduction,
28%;95% CI, 8-45%), questioning whether the benefit was
due to acute management in the ICU or to later intensive
control. An analysis of mortality in the pre-stratified risk
groups showed that the greatest reduction occurred among
patients with no prior insulin treatment. In this group, the
relative reduction in mortality was 51% (19-70%; p=0.004)
at the 1-year follow-up.®)



A meta-analysis of 11 randomized clinical trials
including over 23,000 AMI patients showed no benefit
for the use of intensive glucose control protocols.*?

SEPSIS

The relationship between glycemic control and
the severity of sepsis was analyzed in a cohort of 191
patients treated with intensive glucose control (target of
80-140mg/dL). The researchers concluded that among
patients with severe sepsis or septic shock, the risk of
hypoglycemia and hyperglycemia was higher.® In a
multicenter randomized trial (the Efficacy of Volume
Substitution and Insulin Therapy in Severe Sepsis
(VISEP study), conventional therapy was compared with
intensive insulin therapy, and fluids for resuscitation
(10% pentastarch versus modified Ringer's lactate) were
also compared.®” There was no benefit for strict glucose
control in patients with severe sepsis, and the trial was
stopped early for safety reasons, given the high rate of
hypoglycemia.?? In the NICE-SUGAR trial, an analysis
of subgroups did not show any improvement in mortality
in patients with severe sepsis.’” The Surviving Sepsis
Campaign Guidelines recommend starting insulin therapy
after two consecutive blood glucose measurements above
180mg/dl and an upper target level <180mg/dL.*>

IMPACT OF BLOOD GLUCOSE VARIABILITY ON THE
CRITICALLY ILL PATIENT

The administration of vasopressors, corticosteroids,
and enteral and parenteral nutrition, as well as the
discontinuation of this therapy due to a variety of
procedures, leads to significant variability in blood
glucose levels.?%

Retrospective studies have shown a relationship
between increased blood glucose variability and increase
mortality.?**) A retrospective analysis of the Leuven
dataset showed that patients with the greatest blood
glucose fluctuations had the worst outcomes, regardless of
allocation within the study.®”

The optimal method to measure the amplitude
of blood glucose levels is not defined. In a systematic
review, 13 different indicators were reported, without a
clear definition of the best method for the assessment of
glycemic variability.“* However, a prospective cohortstudy
evaluated the standard deviation and mean amplitude of
the glycemic index, the absolute glucose change per hour,
and the glycemic lability index. The standard deviation
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was the only measure that was consistently associated with
hospital mortality.®”

Further clinical trials are required to determine whether
the use of indices of glucose control variability in critically
ill patients can reduce morbidity and mortality.

IMPACT OF PRIOR GLUCOSE CONTROL ON ACUTE
HYPERGLYCEMIA

A need for an assessment of baseline blood glucose
prior to ICU admission by HbAlc measurement has
been suggested, particularly in patients with no history
of DM.®? In hospitalized patients with random admission,
hyperglycemia with HbAlc >6% had a specificity of 100%
for the diagnosis of diabetes and a sensibility of 57%.°"

Acute hyperglycemia does not appear to be a marker of
mortality in critically ill patients with pre-existing DM.®

In a retrospective study, pre-existing hyperglycemia
affected the relationship between acute blood glucose
levels and mortality, suggesting a significant interaction
between chronic and acute glycemic control.?

The importance of glucose variability in critically ill
patients with DM is also unclear. There is no association
between high glucose variability and mortality in diabetic
critically ill patients.®** Patients with DM also seem to
tolerate lower glucose levels than do non-DM patients. In
retrospective cohort, Sechterberger et al. reported that the
cutoffs for detrimentally low glucose levels were 63mg/dL
in DM and 88mg/dl in the absence of DM.®?

HbA1c levels were shown to be predictive of mortality
in a study of diabetic patients with sepsis.®* This finding
was not replicated in a later study conducted in the
ICU of Hospital de Clinicas de Porto Alegre, Porto Alegre
(RS), Brazil.®

GLUCOSE MONITORING IN THE CRITICALLY ILL PATIENT

In critically ill patients, who are usually in a
hypercatabolic state, capillary recruitment is increased.
As these patients also have poor peripheral perfusion,
the proportion of glucose reaching the periphery is even
lower, increasing the efficiency of capillary glucose uptake.
Consequently, capillary blood glucose measurements
become less representative of the arterial and central
compartments' glucose levels.®®

Real-time continuous glucose monitoring is a new
technology that may provide important additional
information on trends and fluctuations in glucose control.
This method may predict progression to hypoglycemia and
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hyperglycemia, thus aiding in the clear determination of
insulin dose adjustments and reduction in blood glucose
variability, a factor that has been independently associated
with mortality in critically ill patients.?*%”

This method, known as the Continuous Glucose
Monitoring System (CGMS), is based on a sensor placed
in the subcutaneous tissue. The sensor measures the
glucose level of the interstitial fluid every 10 seconds and
sends the results to a monitor, which then calculates the
average glucose level every 5 minutes.?® The CGMS has
been assessed in critically ill patients and has been found
to correlate adequately (r=0.89) with arterial blood glucose
measurements.”” A comparative study of conventional
monitoring compared with CGMS in critically ill
patients found a 9.9% reduction in the absolute risk of
hypoglycemia with the continuous monitoring method.®”

In a small pilot study, the use of continuous glucose
measurement by microdialysis in a central vein had a high
correlation with arterial plasma values.®® This potentially
useful technique still needs further studies to prove its
utility in clinical practice.

FINAL CONSIDERATION

Glucose control in the intensive care unit adds yet
another facet to the routine care of a highly complex
patient profile. Although observational studies and certain
interventional trials have suggested that intensive glucose
control can reduce mortality in this setting, recent studies
have failed to confirm these findings.

The contradictory findings of the existing literature
may be explained by differences in critically ill patients'
profiles and by the management of hyperglycemia using

different intensive care unit protocols. Patients with
diabetes mellitus, for instance, appear to derive less
benefit from strict glucose control. Conversely, patients
receiving parenteral nutrition may benefit from more
intensive control. The impact of the higher incidence of
hypoglycemia secondary to intensive glucose control has
yet to be defined in critically ill patients; hypoglycemia
may simply be a marker of disease severity or may be
directly associated with adverse events in these patients.

Therefore, current evidence shows that an optimal
glucose target does not exist for all critically ill patients
and that a target should be determined on a case-by-case
basis. Furthermore, the methods used to achieve proposed
glucose targets are often ineffective, as demonstrated by the
NICE-SUGAR trial, in which less than 50% of patients in
the intervention group reached the predefined target. The
use and standardization of new glucose monitoring methods
may help patients to reach the desired glucose levels, perhaps
with greater safety. The authors suggest a target blood glucose
range of 140-180mg/dl, as used in the control group of the
NICE-SUGAR trial. Furthermore, the best available method
for blood glucose monitoring should be used in the care of
critically ill patients with hyperglycemia.
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RESUMO

A hiperglicemia é um problema frequentemente encontrado
em pacientes graves em ambiente de terapia intensiva. Sua
presenca se associa ao aumento da morbidade e da mortalidade,
independentemente da causa da admissao (infarto agudo do
miocdrdio, condi¢io apds cirurgia cardiovascular, acidente
vascular cerebral e sepse). Entretanto, permanecem muitas
duvidas com relagio A fisiopatologia e, particularmente, em
relagio ao tratamento da hiperglicemia no paciente graves. Na
pratica clinica, devem ser levados em consideracio diversos
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aspectos para o controle desses pacientes, inclusive os alvos de
glicemia, o histérico de diabetes mellitus, a via de nutrigao (enteral
ou parenteral) e o equipamento de monitoramento disponivel,
o que aumenta substancialmente a carga de trabalho dos
profissionais envolvidos nesse tratamento. Esta revisao descreveu a
epidemiologia, a fisiopatologia, o tratamento e 0 monitoramento
da hiperglicemia no paciente adulto grave.

Descritores: Hiperglicemia; Glicose; Cuidados criticos;
Diabetes mellitus; Infarto do miocardio
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