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Abstract

Hyperglycaemia is a major health risk and a negative determinant
of surgical outcome. Despite its increasing prevalence, the limited
treatments for restoration of normoglycaemia make its effective
management a highly complex individualized clinical art. In this
context, we review the mechanisms leading to hyperglycaemic
damage as the basis for effective management of surgical compli-
cations of diabetic and non diabetic critically ill patients.
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Introduction

Hyperglycaemia resulting from stress-induced impairment
of glucose tolerance is common in critically ill patients,
even those without diabetes mellitus. The hyperglycaemic
condition appears to aggravate the untoward effects of con-
comitant illness, leading to prolonged hospital stay, higher
health care resource utilization and cost [1] and is associ-
ated with increased in-hospital morbidity and mortality for
a variety of medical conditions and surgical procedures [2,
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3]. The clinician is faced with the dual challenge to maintain
normoglycaemia during surgery and minimize the untoward
effects of hyperglycaemia [4]. Further development of ap-
propriate marker-guided targeted interventions for selection
of effective combination of insulin administration modes to
meet individual patient needs may offer promising treatment
options. We review the clinical biology of hyperglycaemia
and present blood glucose control management options of
this metabolic condition for the protection of critically ill pa-
tients undergoing surgery.

Evidence of Hyperglycaemic Damage

The development of most adverse outcomes of hyperglycae-
mia, including increased inflammatory mediators, endotheli-
al cell dysfunction, defects in immune function, haemostatic
deregulations leading to thromboses and increased oxidative
stress from elevated reactive oxygen species (ROS) and su-
peroxide anion production, has been widely studied [5, 6].
Furthermore numerous clinical parameters are also being
adversely affected by hyperglycaemia in critically ill pa-
tients like duration of stay in the intensive care unit (ICU),
duration of ventilatory support and inotropic and vasopres-
sor treatment, number of transfusions, duration of antibiotic
therapy, presence of critical illness polyneuropathy, mean
APACHE 1I score and cumulative TISS score and survival
[7]. In the cardiovascular system, hyperglycaemia contrib-
utes to myocyte apoptosis, impaired ischemic precondition-
ing and increased infarct size [8]. Tight control of blood glu-
cose appears to alleviate hyperglycaemic damage and restore
islet-graft function by ensuring normal development of new
vessels and preservation of endothelial lining in experimen-
tal animals [5, 9, 10].

Prevention of hyperglycaemia-induced dysfunction in
cellular systems that allow insulin-independent glucose up-
take, like central and peripheral nervous system, endothelial,
epithelial and immune cells, would explain some of the pro-
tective effects of insulin therapy in critically ill patients [11].
In clinical practice, achievement of normoglycaemia before
a surgical procedure is carried out, ensures proper activation
of the basic steps of the healing process like normal vascu-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press™ | www.jocmr.org 237
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited



Nomikos et al

J Clin Med Res * 2012;4(4):237-241

larization and inflammatory response [12, 13].

While some experts use routine administration of inten-
sive insulin therapy to normalize glucose levels of hyper-
glycaemic patients in the ICU, others raise serious concerns
over the actual definition of the optimal glucose level, the
accuracy of measurements, the resources required to attain
tight glycaemic control and the impact of tight glycaemic
control across the heterogeneous ICU population including
patients with diabetes, previously undiagnosed diabetes or
stress-induced hyperglycaemia [14-16].

Mechanism of Hyperglycaemic Damage

Mainly hexosamine, advanced glycation end product (AGE)
formation and diacylglycerol protein kinase C pathways, ac-
tivated by increased availability of the glycolytic metabolites
glyceraldehydes-3-phosphate and fructose-6-phosphate, are
implicated in the pathogenesis of hyperglycaemia induced
vascular damage. The lipid-soluble thiamine derivative ben-
fotiamine inhibits the enzyme transketolase, which converts
glyceraldehydes-3-phosphate and fructose-6-phosphate into
pentose-5-phosphates and other sugars as well as hypergly-
caemia-associated NF-kB activation, and might be clinically
useful in preventing development and progression of diabet-
ic complications [17].

In critical illness the generation of neuroendocrine re-
sponses by acute insults like the stress of surgery and an-
aesthesia, trauma or sepsis, alters carbohydrate metabolism,
causes excessive secretion of counter-regulatory hormones
like catecholamines, cortisol, glucagon, and growth hor-
mone, promotes insulin resistance, increases hepatic glucose
production via enhanced glycogenolysis and gluconeogen-
esis and impairs peripheral glucose utilization and insulin ac-
tion. Four glucose transporters, GLUT-1, GLUT-2, GLUT-3
and GLUT-4, facilitate insulin-independent glucose trans-
port in these tissues. In critical illness, cytokines, VEGF,
TGF-B and hypoxia appear to up regulate the expression and
membrane localization of GLUT-1 and -3 transporters in dif-
ferent cells types. This “stress response” may overrule the
normal protection of cells against hyperglycaemia, thus al-
lowing cellular glucose overload. Hence, all organ systems
that take up glucose independent of insulin may be at high
risk for direct glucose toxicity by the consistently attained
high levels of these regulators during critical illness [18].

Insulin binding to its receptors activates two main
branching pathways: a) the mitogenic or “growth signal” and
b) the metabolic. The former affects cell proliferation and the
latter activates protein kinase B (PKB) leading to nitric oxide
(NO) generation and apoptosis via metabolic mobilization
of glucose, lipid, and protein stores. In patients with long
standing diabetes, the metabolic consequences of insulin re-
sistance are mediated predominantly by abnormalities along
the metabolic pathway of insulin signalling caused primarily
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by exogenous insulin administration. However, a disrupted
metabolic pathway does not mean that the mitogenic insu-
lin signalling path will also be equally unresponsive. Com-
pensatory hyperinsulinemia may thus still exert mitogenic
actions in certain cell types while the metabolic actions of
insulin are suppressed. This discrepancy may occur in vascu-
lar smooth muscle cells and in specific capillary endothelial
cells of patients with type-2 diabetes and obesity. Whether
insulin resistance is similarly “selective” during critical ill-
ness and hyperinsulinemia exerts adverse effects through
this pathway in the acute setting of severe illness is presently
unknown [18].

Clinical Prevention of Hyperglycaemic Dam-
age

Clinical evidence suggests that glycaemic control is inde-
pendent predictor of patient survival and normoglycaemia
is beneficial on surgical outcome [19-21]. Achievement of
a normoglycaemic environment long before a surgical pro-
cedure is carried out ensures proper activation of the basic
steps of the healing process like normal vascularization and
inflammatory response [6, 13]. One study reported that only
40% of 25 ICU patients achieved target blood glucose levels
using accepted insulin infusion, initiation and maintenance
algorithms [22], while another including 50 patients reported
considerably broader success rates ranging from 25% to over
70% [23]. Recent multi-center trials of intensive glycaemic
control in critically ill patients using more (4.4 - 6.1 mmol/L)
[24] or less (4-8 mmol/L) [25] stringent glucose targets
yielded similar patient mortality rates [25-30].

Recent guidelines for the glycaemic control of ICU pa-
tients with severe sepsis recommend the use of validated
protocols for insulin dose adjustment to maintain blood glu-
cose < 150 mg/dL (8.3mmol/L) [31, 32] Implementation of
analogous insulin infusion algorithms to secure tight insulin
control in a broader spectrum of critically ill patients in the
ICU however, led to increased rates of hypoglycaemia of un-
clear clinical significance [33]. The increased variability of
circulating glucose during critical illness has negative effect
on therapeutic intervention and deleterious impact on surviv-
al, particularly of non-diabetic hyperglycaemic patients. Van
den Berghe reported the incidence of hypoglycaemia (< 40
mg/dL or 2.2 mmol) associated with tight glycaemic control
in a medical ICU, as high as 18.7%. Application of various
approaches and computer-based algorithms may definitely
improve this high incidence. The impact of hypoglycaemia,
particularly in patients with septic shock and those with neu-
rological compromise, warrants further evaluation [34-36].

The clinical benefits of intensive insulin therapy for pre-
vention of hyperglycaemia after surgery are yet controver-
sial. One study reported reduced morbidity and death of crit-
ically ill patients undergoing primary cardiac surgery [23]
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while another concluded that intensive insulin therapy dur-
ing cardiac surgery does not reduce perioperative morbidity
or death [27]. More recently, comprehensive clinical imple-
mentation of a strict insulin infusion protocol for glycaemic
control of cardiac surgery patients also proved ineffective
when individual risk factors of patient hyperglycaemia could
not be met [37].

The significantly higher asymmetric dimethylalanine
(ADMA) plasma levels recorded in ICU patients who died
compared with survivors, coupled to the potent modulation
of this marker by intensive insulin therapy, made ADMA
monitoring valuable predictor of adverse ICU outcome [7].
Compared to monitoring advanced glycation end products
(AGES) [18], plasma ADMA levels are better selectors of
accepted insulin initiation and maintenance infusion al-
gorithms for tight control of blood glucose in critically ill
patients undergoing surgery with minimal complications
[38-40]. A recent clinical study using insulin-free, metfor-
min-based regimens to achieve durable glycaemic control,
defined by glycated haemoglobin level of less than 8%, in
young patients with type 2 diabetes, confirmed the expected
from assisted reproduction gender-related effectiveness of
the treatment and highlighted the complex nature of primary
patient response leading to loss of glycaemic control or sus-
tained metabolic decompensation requiring insulin adminis-
tration [41].

The primal and highly complex nature of glucose ho-
meostasis may explain the controversial and occasionally
confusing results of clinical studies aiming to prevent or
minimize hyperglycaemia and its complications [42]. The
complex regulation of gene expression of key genetic com-
ponents of the stress response system is in line and supports
this hypothesis [43-47]. Thus, a recent in vitro study showed
that the increase of glucose concentrations exerted multiple
opposing effects on cellular and immunologic parameters,
like substantial impairment of the functional capacity of the
innate immune response, reflected by formation of potent
killing ROS, along with paradoxical attenuation of pro-in-
flammatory cytokine release and enhancement of phagocy-
tosis. The opposing findings at the cellular level might con-
tribute to the clinical controversies that have thrown recent
practice and protocols into disarray. Expert physician judg-
ment and experience are essential in the imminent treatment
of one of medicine’s most important recent clinical debates,
as additional cellular mechanistic studies and clinical trials
continue to emerge [48].

On the other hand, the results of a multi-center, random-
ized, controlled trial comparing sensor-augmented pump
therapy with a regimen of multiple daily insulin injections
in adult and pediatric patients with inadequately controlled
type 1 diabetes showed that continuous glucose monitoring
can be an effective tool for the intensification of glucose
control in patients with type 1 diabetes without incurring an
increased risk of hypoglycaemia [49].
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Clearly, glycaemic control of critically ill patients is a
highly individualized clinical art that requires coordinated
management by health care professionals. Future improve-
ments in the management of these patients are likely to profit
from advances in: 1. Targeted prospective clinical research
protocols aiming to delineate the systemic effects of hy-
perglycaemia and insulin therapy and 2. Predictive marker-
guided insulin administration protocols able to achieve and
maintain glycaemic targets with minimal side effects like
hypoglycaemia.
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