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Tight glycaemic control in the critically ill
Clinical problem

A previously healthy young man was admitted to the hospital with epigastric pain and tenderness. He was treated empirically for gastritis but deteriorated over the next twelve hours with tachycardia, hypotension and respiratory distress. He was actively resuscitated with fluids and oxygen. A chest x-ray was performed which revealed a left sided tension gastrothorax causing marked mediastinal shift.  An emergency thoracocentesis followed by a tube thoracostomy partially decompressed the lesion temporarily improving his physiological parameters. He was taken to theatre for surgery where he arrested at induction of anaesthesia and required direct cardiac compression via the diaphragmatic rupture through which his stomach, duodenum and right hemi-colon had herniated.

Relevant management

The necrotic bowel was resected and a primary anastomosis of the Roux-en-Y type was performed. He was transferred to the intensive care unit postoperatively for further management, including early initiation of parenteral nutrition. The patient consistently had elevated blood glucose levels and a Van den Berghe like insulin regime was instituted resulting in some hypoglycaemic episodes, especially during the early stages of enteral nutritional support. 

Further information

Critically ill patients who require intensive care for more than five days have a 20% risk of death and substantial morbidity. Critical-illness polyneuropathy and skeletal-muscle wasting prolong the need for mechanical ventilation. Moreover, increased susceptibility to severe infections and failure of vital organs amplify the risk of an adverse outcome QUOTE "1" 
1
.
Hyperglycaemia associated with insulin resistance is common in critically ill patients, even those who have not previously had diabetes. Increased gluconeogenesis, despite abundantly released insulin, is probably central to this disruption of glucoregulation and the liver seems to be the major site of insulin resistance QUOTE "2" 
2
. It has been reported that pronounced hyperglycaemia might lead to complications in such patients, although data from controlled trials are lacking. In diabetic patients with acute myocardial infarction, therapy to maintain blood glucose at a level below 11.9 mmol/L improves the long-term outcome QUOTE "3" 
3
. In non-diabetic patients with protracted critical illnesses, high serum levels of insulin-like growth factor-binding protein 1, which reflect an impaired response of hepatocytes to insulin, increase the risk of death QUOTE "1" 
1
.
Van den Berghe and colleagues hypothesised that hyperglycaemia, or relative insulin deficiency, or both, during critical illness may confer a predisposition to complications such as severe infections, polyneuropathy, multiple-organ failure, and death. They performed a prospective, randomised, controlled trial to determine whether normalisation of blood glucose levels with intensive insulin therapy reduced mortality and morbidity among critically ill patients QUOTE "1" 
1
.

Over a 12-month period all adults receiving mechanical ventilation on a surgically biased intensive care unit were eligible for enrolment. Only fourteen patients were excluded: five who were participating in other trials, and nine who were moribund or for whom there were do-not-resuscitate orders. Thirteen percent of the patients had a history of diabetes, and five percent were receiving treatment with insulin. The blood glucose level on admission exceeded the upper limit of the normal range (6.1 mmol/L) in 75% of the patients but was in the non-fasting diabetic range (11.1 mmol/L]) in only 12% QUOTE "1" 
1
.
Patients were randomly assigned to receive either intensive or conventional insulin therapy. The conventional treatment group had a continuous infusion of insulin (50 IU of Actrapid in 50 ml of normal saline) if the blood glucose level exceeded 11.1 mmol/L and the rate was adjusted to maintain the level at a value between 10.0 and 11.1 mmol/L. The intensive-treatment group had an insulin infusion started if the blood glucose level exceeded 6.1 mmol/L and the infusion was adjusted to maintain normoglycemia (4.4 to 6.1 mmol/L). The maximal dose of insulin was arbitrarily set at 50 IU per hour. Patients were fed using a protocol that included parenteral and enteral feed as tolerated. Following discharge from the intensive care unit a conventional approach was adopted QUOTE "1" 
1
. 

The primary outcome measure was death from any cause during the intensive care stay. There were several secondary outcome measures including in-hospital death, the number of days stay in the ICU, critical-illness polyneuropathy, markers of inflammation, bloodstream infection and use of antibiotics for more than 10 days QUOTE "1" 
1
. 

A total of 1548 patients were enrolled. Intensive insulin therapy reduced mortality during intensive care from 8% with conventional treatment to 4.6% (p< 0.04). The benefit of intensive insulin therapy was attributable to its effect on mortality among patients who remained in the ICU for more than five days. The greatest reduction in mortality involved deaths due to multiple-organ failure with a proven septic focus. Intensive insulin therapy also reduced overall in-hospital mortality by 34%, bloodstream infections by 46%, acute renal failure requiring dialysis or haemofiltration by 41% and critical-illness polyneuropathy by 44% QUOTE "1" 
1
. 

The authors concluded that the use of exogenous insulin to maintain blood glucose below 6.1 mmol/L reduced morbidity and mortality among critically ill surgical patients in an ICU, regardless of whether they had a prior history of diabetes QUOTE "1" 
1
.

A subsequent analysis of the data demonstrated that clinically harmless hypoglycaemia occurred in 5.2% of intensive insulin-treated patients vs. 0.8% of conventionally treated patients. The outcome benefits of intensive insulin therapy were equally present regardless of whether patients received enteral or parenteral feeding. Multivariate logistic regression analysis indicated that it was the lowered blood glucose level rather than the insulin dose that was related to reduced mortality (p < 0.0001), critical illness polyneuropathy (p < 0.0001) and bacteraemia (p = 0.02). Normoglycemia was safely reached within 24 hours and maintained during the intensive care stay by using insulin titration guidelines. The conclusion of this statistical analysis was that tight metabolic control, as reflected by normoglycemia, rather than the infused insulin dose per se, was related to the beneficial effects of intensive insulin therapy QUOTE "2" 
2
.
This was the second large trial reporting improved outcomes in hospitalised patients who did not have normoglycaemia. The Diabetes Mellitus, Insulin Glucose Infusion in Acute Myocardial Infarction (DIGAMI) study reported improved outcomes in diabetic patients who received aggressive insulin therapy after myocardial infarction QUOTE "3" 
3
.

How you would change future management?

In the future I would use the strategy of tight glycaemic control in surgical patients in the ICU. Further studies are needed however to determine the degree of glucose control required to achieve similar benefits in other patient groups. As an operational policy, it would not be unreasonable to use the same strategy for non-surgical patients until further studies are published, given the potential difference in mortality rates.
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