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Editorial

Does strict glucose control improve outcome?

In 2001 and 2006, the New England Journal of Medicine

published two single-centre studies which reported mor-

tality benefits of tight glycaemic control in longer stay

post-surgical critically ill adult patients.1 2 These papers

created much debate with several repeat studies,

meta-analyses, and, surprisingly, almost uniform early

uptake by critical care practitioners.

Van den Berghe’s first study1 used an intensive regimen

of insulin treatment (IIT) with the aim of keeping blood

glucose concentrations at or below 6.1 mmol litre21

(110 mg dl21). A criticism of the study was that the

patients were largely post-cardiac surgery and this there-

fore prompted the same workers to investigate the same

approach in medical intensive care unit (ICU) patients,

where a beneficial effect on in-hospital mortality was only

seen in a subgroup of patients who stayed on the ICU for

more than 3 days.2 Subsequent studies conducted by

others have not shown a mortality benefit and some even

had safety issues associated with IIT.3 4 However, the prac-

tice of IIT still continues in most ICUs and a similar

approach to the intra- and postoperative management of

patients has been gaining momentum.

The SepNet trial reported last year investigated the use

of IIT in patients with severe sepsis in multidisciplinary

ICUs, since it had been argued that most of the mortality

benefit reported in Van den Berghe’s 2001 paper had been

in such patients.3 However, the trial was stopped early on

safety grounds, since the use of IIT placed critically ill

patients with sepsis at increased risk for serious adverse

events related to hypoglycaemia. Serious hypoglycaemia

was roughly four times more common in the patients given

IIT. In addition, neither 28 day mortality nor organ failure

score was different between the two trial arms. However,

this study was complicated by the concurrent use of two

different fluid resuscitation regimes.3 Also published last

year, a meta-analysis of 29 clinical trials of IIT involving

8432 critically ill adult patients showed that in-hospital

mortality was similar in patients receiving IIT (21.6%) and

usual care (23.3%) and episodes of hypoglycaemia were

greater than five times more common with IIT.4 Despite

this, Van den Berghe and colleagues5 still argue that IIT

confers a mortality benefit when controlling blood glucose

concentrations to normoglycaemia [below 6.1 mmol litre21

(110 mg dl21)] but agree on the need for more trials.

In April 2009, the NICE-SUGAR study was published,6

and data from this study were incorporated into a new

meta-analysis.7 The NICE-SUGAR study recruited 6104

patients from 42 hospitals in Australia, New Zealand, and

Canada. The groups of patients were assigned target blood

glucose levels of either 4.5–6.0 mmol litre21 (IIT) or

8.0–10.0 mmol litre21 (conventional glucose control) and

the main outcome measure was 90 day mortality.6 More

patients in the IIT group died than in the conventional

control group (27.5% vs 24.9%, P¼0.02). The (prede-

fined) groups of causes of death in the two groups were

similar (P¼0.12), although deaths from cardiovascular

causes were more common in the IIT group (41.6% vs

35.8%, P¼0.02). Severe hypoglycaemia (defined as a

blood glucose of �2.2 mmol litre21) occurred in 6.8% of

the IIT patients compared with only 0.5% of the conven-

tional control patients (P,0.001), although there were no

long-term sequelae in any patient. Interestingly, the two

survival curves on the Kaplan–Meier graph only begin to

diverge at around 20 days—which begs the question of

how such an intervention can have an effect at this point,

when the median duration of IIT treatment was only

4.2 days (range 1.9–8.7 days) in the IIT group and

4.3 days (range 2.0–9.0 days) in the conventional group.

In addition, 90% of the patients who died were reported to

have had potentially life-sustaining treatments withheld or

withdrawn, perhaps illustrating the point that mortality is

not a clear-cut endpoint after all.
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The meta-analysis published hot on the heels of the

NICE-SUGAR study, which included these results (as the

authors were largely the same) inevitably came to similar

conclusions as 6104 of the 13 567 patients included in the

meta-analysis were from the NICE-SUGAR study.7 The

pooled relative risk of death was 0.93, with significantly

higher episodes of hypoglycaemia in the IIT group (rela-

tive risk, 6.0). However, the ICU setting was a factor in

outcome with those in a surgical ICU having a better

outcome with IIT: patients from a surgical ICU treated

with IIT had a relative risk of death of 0.63 compared

with 0.91 in patients from medical ICUs.

Another important study published in 2008 was the NIH

NHLBI Action to Control Cardiovascular Risk in Diabetes

(ACCORD) study.8 This was a randomized trial of IIT in

10 251 patients with type 2 diabetes who had a median

glycosylated haemoglobin level of 8.1%. Patients were

assigned to receive IIT (target glycosylated haemoglobin

level ,6.0%) or standard therapy (target 7.0–7.9%). The

primary outcome measure was a composite of non-fatal

myocardial infarction, non-fatal stroke, or death from car-

diovascular causes. The patients were followed for 3.5 yr,

but the trial was prematurely halted due to excess

mortality in the IIT group (257 deaths compared with

203 deaths in the standard therapy group, P¼0.04).

Coupled with this, severe hypoglycaemia requiring inter-

vention and weight gain of more than 10 kg were more

common in the IIT group (P,0.001). Two previous

studies had also failed to show beneficial effects of IIT on

either cardiovascular events or mortality in patients with

type 2 diabetes mellitus. The United Kingdom Prospective

Diabetes Study (UKPDS) showed that although there was

a significantly lower incidence of seven diabetes-related

events in the IIT group, there was no significant effect of

IIT on cardiovascular events or mortality.9 More than 10

yr ago, the Veterans Affairs Diabetes Feasibility Trial

(VADT) showed that IIT did not affect mortality10 and a

follow-up study was published this year.11 Military veter-

ans who had a suboptimal response to therapy for type 2

diabetes were randomized to receive either IIT or standard

glucose control with a median follow-up of 5.6 yr.10 The

goal in the IIT group was an absolute reduction of 1.5% in

glycosylated haemoglobin. Median glycosylated haemo-

globin was 8.4% in the standard-therapy group and 6.9%

in the intensive-therapy group. There was no significant

difference between the two groups in any component of

the primary outcome, or in the number of deaths. Also,

unlike the UK study, there were no differences in micro-

vascular complications between the groups.

The enthusiastic adoption of IIT in critically ill patients

has generated interest in its use in the perioperative period

in both diabetic and non-diabetic patients. Indeed, in the

USA, there has been a suggestion that this may be adopted

as a quality indicator of care.12 However, intraoperative

IIT has not been shown to benefit death and morbidity

rates. Reduced mortality was reported in patients who

have lower blood glucose concentrations after acute

myocardial events (the DIGAMI study),13 and so it is

logical that tight glycaemic control would be first studied

in patients undergoing cardiac surgery. In 2007, one of the

largest randomized trials reported the effect of IIT in

adults with and without diabetes who were undergoing

on-pump cardiac surgery.14 The primary outcome measure

was a composite of death, sternal infections, prolonged

ventilation, cardiac arrhythmias, stroke, and renal failure,

within 30 days of surgery. Patients received either continu-

ous insulin infusion to maintain intraoperative glucose

levels between 4.4 and 5.6 mmol litre21 (80–100 mg dl21)

(IIT, n¼199) or conventional treatment (n¼201), where

patients were not given insulin during surgery unless

glucose levels were .11.1 mmol litre21 (.200 mg dl21).

Both groups were treated with an insulin infusion to main-

tain normoglycaemia after surgery. Adverse events

occurred in 82 of 185 patients (44%) in the IIT group and

86 of 186 patients (46%) in the conventional treatment

group. There were more deaths in the IIT group (4 vs 0,

P¼0.061) and strokes (8 vs 1, P¼0.02) than in the conven-

tional treatment group. The authors concluded that IIT

during cardiac surgery did not reduce the perioperative

death or morbidity rates. However, they also stated that the

increased incidence of death and stroke in the IIT group

raises concern about the routine implementation of this

intervention.

It is interesting to note that the DIGAMI-2 study15 of

1253 type 2 diabetic patients who had a myocardial infarc-

tion failed to show that acutely introduced, followed by

subsequent long-term, IIT, improved survival compared

with conventional management, or that IIT decreased the

number of non-fatal myocardial re-infarctions and strokes.

However, the target fasting blood glucose concentration of

5–7 mmol litre21 was never reached in any of the patient

groups.

The potential for deleterious metabolic effects of insulin

have been largely ignored. It is generally believed that the

dangers of aggressive insulin administration are attribu-

table solely to hypoglycaemic events, but changes in the

metabolism of other substrates, such as plasma lipids, may

also be important.16 Cardiac function, for example, is

highly dependent on the myocardial energy source which

is affected by substrate availability and concentrations of

metabolic hormones such as insulin. Under normal cir-

cumstances, most of the energy needs of a healthy heart

come from fatty acid oxidation. Glucose–insulin–potass-

ium administration has been suggested to prevent hyper-

glycaemia and hyperlipidaemia during reperfusion after

cardiac interventions and was also thought to reduce

inflammatory responses. However, in patients undergoing

coronary artery bypass surgery, high-dose insulin adminis-

tration with a glucose infusion to maintain blood glucose

levels within a target range of 4.0–5.5 mmol litre21, fatty

acid concentrations decreased to very low levels. In fact,

the concentrations were at a level which may be too low
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to allow uptake by the heart. There was also no effect of

the treatment on various inflammatory markers or lactate

concentrations.17 18 These studies suggest that control of

blood sugar by insulin may not be beneficial in the peri-

operative period.

What is the supposed mode of action of tight glycaemic

control? The only proposed mechanism which has

received any attention is that of glucose toxicity in the

context of ischaemia–reperfusion. Glucose is transported

into cells by several transporter systems called glucose

transporters or GLUT but only GLUT4 is insulin-

dependent. Van den Berghe19 has suggested that excess

glucose is toxic to cells, particularly mitochondria, and

that this occurs in cells that take up glucose in proportion

to the circulating glucose concentration, independently of

insulin. This may be related to GLUT4 transport in

specific cells allowing glucose to be safely used as a fuel

or converted to a storage medium rather than in other

cells, where more potentially toxic pathways are utilized.

In effect, exogenously administered insulin is decreasing

circulating glucose and thus making less available for the

glucose transporters that are concentration-dependent.

Evidence for this statement is largely as a result of ultra-

structural changes which were found in the mitochondria

from liver biopsies of critically ill patients who died, with

more pronounced changes observed in those with conven-

tional glucose control than those receiving IIT.20 This was

coupled with changes in complexes I and IV activity. In

contrast, there was no difference in the mitochondria from

skeletal muscle (which expresses the GLUT4 insulin-

dependent transporter). It is therefore argued that it is the

excess glucose that is toxic and the insulin merely acts to

lower the circulating concentrations of glucose. This

hypothesis is also supported by studies which showed that

hyperglycaemia can completely abolish anaesthesia-induced

ischaemic pre-21 and post-conditioning22 in a rat model of

myocardial infarction. However, GLUT1, which is the main

transport protein for glucose into cells for their normal

metabolic requirements and which is insulin-independent,

is almost fully saturated at a concentration of around

4 mmol litre21 as it has a Km of �1.3 mmol litre21.23 This

renders highly improbable the suggestion that a reduction in

circulating glucose to a concentration above 4 mmol litre21

is likely to have a beneficial effect on intracellular glucose

concentrations. There are, however, other GLUT transpor-

ters; some of which are cell type specific, although most

have a significantly lower transporting capacity than that of

GLUT1. In addition, the total number of GLUT1 transpor-

ters could change during hyperglycaemia and this would

have the effect of increasing glucose transport.

As an alternative, would it not be better to control circu-

lating glucose concentrations by restricting carbohydrate

intake? In the days before insulin, dietary carbohydrate

restriction was recommended as the treatment for diabetes,

with a total daily energy intake of around 1800 kcal,

comprising 75% fat, 17% protein, 6% alcohol, and 2%

carbohydrate.24 With the introduction of insulin and oral

hypoglycaemic agents, it became possible to permit the

reintroduction of carbohydrate into the diet since any

peaks in blood glucose could easily be controlled.

However, restricted carbohydrate intake is not associated

with hypoglycaemic episodes and may potentially act in a

similar way to IIT.

In conclusion, tight glucose control is probably not ben-

eficial in the critically ill and may even be harmful, even

less is known about any effect in patients undergoing

surgery. Equally, the importance of the excessive use of

insulin in this group of patients is unclear. Perhaps the time

has come for an appraisal of what is the effect in Atkins

approach to the management of hyperglycaemia. An inves-

tigation of the use of carbohydrate restriction to control cir-

culating glucose concentrations in both the critically ill and

the perioperative patients is the next logical step.

N. R. Webster*

H. F. Galley

School of Medicine and Dentistry

Institute of Medical Sciences

University of Aberdeen

Aberdeen AB25 2ZD, UK

*E-mail: n.r.webster@abdn.ac.uk

References
1 Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin

therapy in the surgical intensive care unit. N Engl J Med 2001; 345:
1359–67

2 Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin

therapy in the medical intensive care unit. N Engl J Med 2006; 354:
449–61

3 Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy
and pentastarch resuscitation in severe sepsis. N Engl J Med 2008;
358: 125–39

4 Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight
glucose control in critically ill adults: a meta-analysis. J Am Med
Assoc 2008; 300: 933–44

5 Derde S, Vanhorebeek I, Van den Berghe G. Insulin treatment in
intensive care patients. Horm Res 2009; 71: 2–11

6 NICE-SUGAR Study Investigators, Finfer S, Chittock DR, et al.
Intensive versus conventional glucose control in critically ill
patients. N Engl J Med 2009; 360: 1283–97

7 Griesdale DEG, de Souza RJ, van Dam RM, et al. Intensive insulin

therapy and mortality among critically ill patients: a meta-analysis
including NICE-SUGAR data. Can Med Assoc J 2009; 180: 821–7

8 The Action to Control Cardiovascular Risk in Diabetes Study
Group. Effects of intensive glucose lowering in type 2 diabetes.
N Engl J Med 2008; 358: 2545–59

9 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in patients with type
2 diabetes. Lancet 1999; 352: 837–53

10 Abraira C, Colwell JA, Nuttall F, et al. Cardiovascular events and

correlates in the Veterans Affairs Diabetes Feasibility Trial:
Veterans Affairs cooperative study on glycemic control and com-
plications in type II diabetes. Arch Intern Med 1997; 157: 181–8

333

Editorial



11 Duckworth W, Abraira C, Moritz T, et al. Glucose control and
vascular complications in veterans with type 2 diabetes. N Engl J
Med 2009; 360: 129–39

12 Fahy BG, Sheehy AM, Coursin DB. Perioperative glucose control.

What is enough? Anesthesiology 2009; 110: 204–6
13 Malmberg K, Norhammar A, Wedel H, Rydén L. Glycometabolic

state at admission: important risk marker of mortality in conven-
tionally treated patients with diabetes mellitus and acute myocar-

dial infarction: long-term results from the Diabetes and Insulin–
Glucose Infusion in Acute Myocardial Infarction (DIGAMI) study.
Circulation 1999; 99: 2626–32

14 Gandhi GY, Nuttall GA, Abel MD, et al. Intensive intraoperative
insulin therapy versus conventional glucose management during

cardiac surgery: a randomized trial. Ann Intern Med 2007; 146:
233–43

15 Malmberg K, Rydén L, Wedel H, et al. Intense metabolic control
by means of insulin in patients with diabetes mellitus and acute
myocardial infarction (DIGAMI 2): effects on mortality and mor-

bidity. Eur Heart J 2005; 26: 650–61
16 Evans RD, Niu Y. Hypolipidaemic effects of high-dose insulin

therapy. Br J Anaesth 2008; 100: 429–33
17 Visser L, Zuurbier CJ, Hoek FJ, et al. Glucose, insulin and potass-

ium applied as perioperative hyperinsulinaemic normoglycaemic

clamp: effects on inflammatory response during coronary artery
surgery. Br J Anaesth 2005; 95: 448–57

18 Zuurbier CJ, Hoek FJ, van Dijk J, et al. Perioperative
hyperinsulinaemic normoglycaemic clamp causes hypolipidaemia
after coronary artery surgery. Br J Anaesth 2008; 100: 442–50

19 Van den Berghe G. How does blood glucose control with insulin

save lives in intensive care? J Clin Invest 2004; 114: 1187–95
20 Vanhorebeek I, De Vos R, Mesotten M, Wouters PJ, De

Wolf-Peeters C, Van den Berghe G. Protection of hepatocyte
mitochondrial ultrastructure and function by strict blood glucose

control with insulin in critically ill patients. Lancet 2005; 365:
53–9

21 Kehl F, Krolikowski JG, Mraovic B, Pagel PS, Warltier DC,
Kersten JR. Hyperglycemia prevents isoflurane-induced precondi-
tioning against myocardial infarction. Anesthesiology 2002; 96:

183–8
22 Huhn R, Heinen A, Weber NC, Hollmann MW, Schlack W,

Preckel B. Hyperglycaemia blocks sevoflurane-induced postcondi-
tioning in the rat heart in vivo: cardioprotection can be restored
by blocking the mitochondrial permeability transition pore. Br J

Anaesth 2008; 100: 465–71
23 Blaustein MP, Kao JPY, Matteson DR. Passive solute transport.

In: Cellular Physiology. Philadelphia: Elsevier, Mosby, 2004;
127–47

24 Westman EC, Vernon MC. Has carbohydrate restriction been

forgotten as a treatment for diabetes mellitus? A perspective on
the ACCORD study design. Nutr Metab 2008; 5: 10–1

334

Editorial


