Tight Perioperative Glucose Management
Should Start in the Operating Room

The treatment of hyperglycemia was originally explored
in the management of acute coronary syndromes. Over the last
decade, the focus has shifted to
both diabetic and nondiabetic
patient populations after cardiac
surgery, as well as critically ill
ICU patients where improved
morbidity and mortality was
seen in those for whom tight
glycemic control was employed
(1). Intraoperative hyperglycemia is an independent risk factor
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decreases in-hospital morbidity (2, 3). Furthermore, there is a
29.6% incidence of undiagnosed diabetes in this patient population
(4). This observation, along with the fact that diabetic patients have
a higher rate of complications after coronary artery bypass grafting
(CABG), supports tight intraoperative glycemic control (4). Lazar
et al. suggest that using a modified glucose-insulin-potassium (GIK)
solution in diabetic patients decreases morbidity, enhances survival,
and diminishes recurrent ischemic events (5). In a nonrandomized
study over 15 years involving 3554 patients, Furnary et al. found
that controlling perioperative glucose levels in diabetic patients
decreased absolute mortality by 57% (3). In a retrospective observational study of 409 patients undergoing cardiac surgery, Gandhi
et al, found that a 20mg/dL increase in the mean intraoperative
glucose level was associated with increased postoperative mortality and morbidity (2). Ouattara et al. demonstrated that events after
CABG was 7.2% more likely in those patients with poorly controlled
intraoperative blood glucose levels (6).
The rationale for tight intraoperative glycemic control can be
likened to the routine approach of diabetic patients to administer
insulin prior to high glucose meals. Hypothermia, the stress response
to surgery, and the impact of extra-corporeal circulation, as well as
intrinsic mechanisms of insulin resistance lead to glucose-insulin
mismatch in the OR (7-11). This observation combined with the
preponderance of data supporting the benefits of insulin treatment
irrespective of its hypoglycemic effects forms the rationale for
intraoperative initiation of therapy (12).
Turina et al. summarized the negative effects of hyperglycemia
on the early phase of the immune response, the cytokine network,
and the phagocytic phase of the immune response (13). Hyperglycemia impairs endothelial function and increases levels of proinflammatory cytokines such as IL-6. It is believed that these effects on
the immune system lead to the increased susceptibility and severity

of infections in both diabetic and nondiabetic patients with acute
hyperglycemia (13).
Insulin administration may be beneficial by both glucose lowering and non-glucose lowering mechanisms (12). In both experimental animal data and human studies, insulin infusions appear to
have beneficial anti-inflammatory effects by reducing C-reactive
protein (CRP) and serum amyloid A (SAA). In a study of CABG
patients, the increase in plasma CRP 16 hours postoperatively was
30 times greater than those seen in patients with ST segment elevation myocardial infarctions (STEMI) (14). Insulin also appears to
have favorable effects as a vasodilator primarily via a nitric oxide
(NO) effect. Rodent studies have demonstrated that insulin exerts
myocardial protection by enhancing NO synthetase through P13kinase-Akt pathways (15).
Thus initiate insulin administration in the OR. As stated earlier,
pre-emptive treatment rather than reactive hyperglycemic treatment has strong theoretical, scientific and practical benefits. One
can make the argument that the conditions of the operating room
warrant treatment – it is the time when glucose-insulin mismatch
occurs. The mechanisms leading to the disturbances in the glucoseinsulin relationship are multifactorial, including inadequate insulin
secretion, decreased total body glucose uptake, increased absorption of glucose by the kidneys, hypothermia, rewarming as well as
cardiopulmonary bypass (7-11).
Hyperglycemia and insulin-depleted states can lead to an overabundance of free fatty acids and a relative lack of glycolysis-derived
ATP which is essential to myocardial cell membrane stabilization.
It has thus been suggested that glucose metabolism be maintained
during these situations to inhibit further fluid accumulation, stabilize
membranes and attenuate cellular edema. Other data reveal that
insulin treatment mitigates postischemic tissue necrosis, infarct
size, metabolic acidosis and also prevents myocardial stunning
(16-17).
Inadvertent hypoglycemia as a consequence of tight glycemic
control has also been described. Chaney et al. reported that 40% of
patients in the “tight control” group required treatment for postoperative hypoglycemia (18-19). Other data suggest that despite insulin
treatment, intraoperative hyperglycemia could not be adequately
controlled. Several studies using a modified insulin clamp technique,
the Vellore regimen, the hyperinsulinemic normoglycemic clamp
technique, and various modifications of insulin infusion regimens
reveal the safe and effective use of this treatment in cardiac surgical
patients (20-23).
Although the precise details of the timing of insulin therapy,
the desired target serum glucose level, and the duration of therapy
remains controversial, the beneficial effects of tight glycemic control
and insulin administration appear to be firmly established in patients
undergoing cardiac surgery. Therefore, initiation of glycemic control
in the operating room makes intuitive sense. Although some say
“better late than never”, that should not apply to the aggressive
treatment of intraoperative hyperglycemia during cardiac surgery.
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