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STRAPLINE: OPINION 

Intensive insulin therapy in the ICU—reconciling the evidence  

Greet Van den Berghe 

 

 

Abstract 

Hyperglycaemia during critical illness unequivocally correlates with adverse 

outcome. Three proof-of-concept randomized controlled trials have shown 

that preventing hyperglycaemia in patients admitted to the intensive care unit 

(ICU) reduces organ failure and mortality. A subsequent multicentre, 

randomized controlled trial found that targeting normoglycaemia in this patient 

population does not affect organ function differently than targeting an 

intermediate glucose level (7.8–10.0 mmol/l). However, an intermediate 

glucose target evoked less hypoglycaemia and, for currently unexplained 

reasons, also fewer deaths than a normoglycaemic target. Moreover, 

tolerating a caloric deficit, rather than providing nutrients parenterally, 

accelerates recovery from critical illness in the presence of normoglycaemia. 

Whether macronutrient restriction renders moderate hyperglycaemia less 

harmful remains to be investigated. Hence, if adequate monitoring tools and 

expertise are available, normoglycaemia remains the only proven effective 

target for insulin treatment of hyperglycaemia in ICU patients. However, if 

these conditions are not fulfilled in clinical practice, is an intermediate target 

range preferable? In the absence of hard evidence, common sense supports 

such an intermediate blood glucose target. 
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Introduction 

Hyperglycaemia has been known for decades to be associated with increased 

risks of morbidity and mortality in patients in the intensive care unit (ICU). 

These associations have been shown to follow a J-shaped curve, with a nadir 

roughly between 4.4–7.8 mmol/l in unselected, large, adult patient populations 

(Figure 1).1,2 In patients with an acute coronary syndrome, the mortality risk is 

lowest for blood glucose levels between 4.4 mmol/l and 5.6 mmol/l.2 By 

contrast, patients with established diabetes mellitus prior to an acute life-

threatening insult exhibit a blunted relationship between hyperglycaemia and 

death, which is shifted slightly to the right.  

Controversy on the optimal target for blood glucose control in ICU patients 

remains. Opinions differ from advising to target normal fasting blood glucose 

levels1 to intermediate targets that vary from <7.8 mmol/l, <8.3 mmol/l, <10.0 

mmol/l to <11.1 mmol/l.1,3-7 The debate has been fierce, given the universally 

present risk of hypoglycaemia and its associated adverse outcomes. Indeed, 

the puzzle of stress-induced diabetes mellitus consists of many pieces. 

However, evidence is now available to reconcile the findings and draft 

customized guidelines. 

 

Proof-of-concept studies  

An association between hyperglycaemia and death could merely reflect 

severity of illness or—as is the case in patients with diabetes mellitus—that 

hyperglycaemia induces complications. To establish a causal relationship 

between hyperglycaemia and adverse outcomes of critical illness, several 

randomized controlled trials (RCTs) were performed. 

In 2001, it was hypothesized that severe illness could predispose to 

hyperglycaemia-induced cell injury, which was postulated to be a preventable 

risk.8 The first RCT to test this hypothesis was performed in 1,548 adult 

patients admitted to the surgical ICU of a single hospital, who had either 

undergone cardiac surgery or had complications thereof, as well as those who 

were designated high risk or had undergone complicated noncardiac surgery.8 

Protocols used for blood glucose monitoring and for continuous central-

venous insulin infusion were standardized.8 Patients in the intervention arm, 

who received so-called ‘intensive insulin therapy’ to achieve a normal fasting 
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blood glucose level (4.4–6.1 mmol/l), were compared with those treated with 

‘conventional insulin therapy’. Standard care at the time of the trial consisted 

of starting insulin administration only when blood glucose levels exceeded the 

renal threshold (11.9 mmol/l), as such high levels were expected to evoke 

glycosuria-induced hypovolemia. Adaptation of insulin doses was performed 

by nurses with extensive training, who used a blood-gas analyser to 

frequently and accurately monitor blood glucose in arterial blood. Also, 

supplemental parenteral nutrition was administered, according to European 

guidelines, if enteral nutrition was insufficient.9,10  

The intervention lowered ICU and hospital mortality by an absolute 3–4% and 

reduced morbidity by reducing infections and preventing multiple organ 

failure. These outcomes were explained by the effective lowering of blood 

glucose, not the infusion of insulin per se; a dose-response was observed, 

with the greatest benefit arising from the avoidance of excessive 

hyperglycaemia (>8.3 mmol/l).11-13 Subsequently, the hypothesis was tested in 

1,200 ICU patients with critical medical illnesses.14 Organ-protective effects 

were again documented, though the effect size was much smaller than that 

seen in patients in the surgical ICU. However, in medical ICUs, a greater 

fraction of patients is admitted with infections and established organ failure, 

thus reducing any opportunity for prevention with blood glucose lowering.12,15 

Furthermore, the mortality in the intervention group, albeit lower than in the 

control group, was not significantly different. Finally, a third study in 700 

critically ill children showed similar mortality and morbidity benefits to those 

observed in the adult surgical study, when normal fasting blood glucose levels 

for each age group were targeted and reached.16  

 

 

The NICE-SUGAR study  

Several ‘implementation studies’ confirmed the clinical benefits of preventing 

severe hyperglycaemia in ICU patients.17-20 The large (n = 6,100), multicentre 

NICE-SUGAR (Normoglycaemia in Intensive Care Evaluation and Survival 

Using Glucose Algorithm Regulation) RCT, however, was expected to be the 

definitive ‘repeat study‘ to validate the findings from the proof-of-concept 

trials.21 The sample size was calculated to detect an absolute reduction in 
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mortality of 3.8%, a value similar to that obtained in the proof-of-concept 

studies. However, by the time the NICE-SUGAR trial was initiated, the 

‘standard care’ had changed as a result of the many implementation studies. 

On the basis of opinion rather than evidence, a policy had been widely 

adopted that consisted of targeting blood glucose levels of 7.8–10.0 mmol/l in 

ICU patients; glucose levels >10.0 mmol/l were considered unacceptable or 

even unethical. As such, the original aim of NICE-SUGAR was hereby altered 

and was now to assess whether further lowering of blood glucose levels from 

this intermediate target to <6.1 mmol/l would exert additional benefit. As a 

consequence, the NICE-SUGAR trial was executed in the ‘flatter’ part of the 

observational glycemia–mortality risk J-curve (Figure 1), with the blood 

glucose target levels being very close together and the expected difference in 

mortality very small (1% absolute difference in mortality). 

Unexpectedly, the NICE-SUGAR study revealed that targeting 

normoglycaemia did not alter the incidence of organ failure nor the infection 

rate compared with aiming for the intermediate target range, but instead 

increased hypoglycaemia 13-fold and increased mortality over 90 days by 

2.6%. As the two interventions (intensive versus conventional insulin therapy) 

did not differ in morbidities except for the presence of much more severe 

hypoglycaemia in the group treated with intensive insulin therapy, the latter 

was considered the culprit of increased mortality.  

Since then, the results from the NICE-SUGAR study are often used to argue 

against treating hyperglycaemia in ICU patients. If the NICE-SUGAR trial had 

been a ‘repeat study’ of the proof-of-concept studies, this interpretation would 

indeed be correct. But, unfortunately, NICE-SUGAR was not a ‘repeat study’, 

which makes it much more difficult to draw firm conclusions for 

implementation in clinical practice. Three important methodological 

differences between the proof-of-concept RCTs and the NICE-SUGAR trial 

need to be highlighted. First, with very little doubt, the NICE-SUGAR findings 

show that, in the real-world setting, targeting an intermediate glucose range is 

safer than aiming to achieve normoglycaemia. However, no study has 

investigated whether infusing insulin to such an intermediate target actually 

provides benefit over no treatment. 
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Second, the blood glucose meters that were used in NICE-SUGAR have 

clearly shown to be too inaccurate to safely target any narrow range of blood 

glucose, irrespective of the actual level.22-27 Indeed, the data generated by a 

centre in Canada, which participated in the NICE-SUGAR trial, showed that 

very large errors were present in the glucose results that were used to titrate 

insulin infusion.25 Modelling studies have shown that using such imprecise 

glucose meters evokes a dramatic increase in erroneous insulin dose-

adjustments, unacceptable glucose fluctuations and undetected 

hypoglycaemia.26,27 Moreover, sampling sites varied from arterial to venous 

and capillary sites, which was accepted as routine clinical practice in the 

NICE-SUGAR study but has been shown to lead to differences in blood 

glucose results.28 Also, no blood-gas analyser, which provides potassium 

levels for every blood glucose readout, was used to monitor glucose; hence, 

shifts in potassium from the extracellular to the intracellular compartment 

upon insulin administration might have been overlooked, with undetected 

hypokalemia occurring as a consequence.1 Given that deaths in the NICE-

SUGAR trial were caused by cardiovascular events, but otherwise 

unexplained, undetected hypokalemia might have played a part.  

Third, patients enrolled in the NICE-SUGAR study were fed virtually 

exclusively via the enteral route during the first week in ICU, whereas in the 

proof-of-concept studies enteral feeding was supplemented with parenteral 

nutrition if necessary. To grasp the importance of this third difference, novel 

evidence from a large, multicentre RCT must be taken into account. 

 

Parenteral nutrition in the ICU  

Dysfunction of the gastrointestinal tract is part of the multiple organ system 

failure in critically ill patients. This problem causes insufficient nutrition to be 

absorbed via the enteral route, resulting in large caloric deficits.29 Whether 

early supplementation of insufficient enteral feeding, by adding parenteral 

nutrition to normalize caloric intake, improves outcome of critical illness had 

never been adequately investigated. Hence, a longstanding controversy 

continued on the optimal timing of initiating parenteral nutrition in ICU 

patients. This controversy was reflected in conflicting practice guidelines, 

which were drafted on the basis of expert opinion. European guidelines 
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advised to prevent any nutritional deficit and thus to initiate parenteral nutrition 

as early as possible when enteral nutrition is insufficient.10 This ‘early-

initiation’ strategy was based on observational studies that showed nutritional 

deficit to be associated with morbidity and mortality.29 By contrast, American 

and Canadian guidelines recommended to tolerate hypocaloric enteral 

nutrition to beyond 1 week in ICU patients before considering parenteral 

feeding.30,31 Such a ‘late-initiation’ approach was based on observational 

studies that found an association between early parenteral nutrition and 

hyperglycaemia and overfeeding.32,33 Hard evidence was lacking to prove 

either strategy right or wrong. 

In the multicentre EPaNIC (Early Parenteral Nutrition Completing Enteral 

Nutrition in Adult Critically Ill Patients) trial,34 patients who were critically ill 

and at risk of malnutrition, were randomly allocated to either early or late 

initiation of parenteral nutrition. The investigators recruited 4,640 adult 

patients with critical illness, who were admitted to the ICU for a variety of 

reasons. Patients were very ill, as indicated by high APACHE-II (Acute 

Physiology and Chronic Health Evaluation II) scores—a severity-of-disease 

classification system frequently used in the ICU—and many were admitted as 

a matter of urgency for sepsis. In patients randomly allocated to early 

initiation, parenteral nutrition was started within 48 h of ICU admission and 

progressively increased unless enteral nutrition was sufficient. The dose of 

parenteral nutrition was calculated via a computerized system, taking into 

account the amount of enteral nutrition at any given time. Patients in the late-

initiation group only received parenteral nutrition if enteral nutrition was still 

insufficient on day 8 in the ICU. In both groups, patients received parenteral 

vitamins, trace elements and minerals until full enteral nutrition was tolerated. 

Also, and essential for the current discussion, normoglycaemia <6.1 mmol/l 

was targeted in both groups. All patients required insulin to effectively prevent 

hyperglycaemia, but in the early-initiation group the dose was twice that of the 

late-initiation group. 

The results of this study were stunning. Withholding parenteral nutrition for 1 

week in intensive care, while targeting normoglycaemia, did not affect 

mortality but markedly accelerated recovery. Indeed, tolerating a caloric deficit 

reduced the number of patients acquiring new infections, prevented liver 
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dysfunction, reduced the duration of mechanical ventilation, of renal 

replacement therapy and of stay in intensive care, which together resulted in 

an increased likelihood of an earlier, live discharge from intensive care. Also, 

this approach reduced the overall length of hospitalization, a benefit brought 

about without compromising functionality of the patients at the time of 

discharge from hospital, as measured by the distance walked in 6 min and by 

the number of patients who completed all daily activities independently. 

Interestingly, the number of patients experiencing hypoglycaemia, although 

overall very low, was slightly higher in the late-initiation group than in the 

early-initiation group. 

The EPaNIC study contained an interesting subgroup of >500 patients, who 

did not receive enteral feeding because of anatomical contraindications. 

These patients predictably received no enteral nutrition during the first week in 

ICU. In this large subgroup, the observed benefits of not using parenteral 

nutrition, and thus tolerating full fasting for 1 week in the ICU, were even more 

pronounced than in the total patient population. 

 

 

Reconciling the evidence  

Studies on samples from patients participating in the proof-of-concept RCTs 

and results from experimental studies performed in a rabbit model of critical 

illness have highlighted the predominant role of preventing hyperglycaemia—

rather than a direct effect of insulin—as the key factor for the prevention of 

morbidity and mortality.13,35-39 Specifically, the mitochondria of vital organ cells 

appear vulnerable to glucose toxicity during critical illness.35,38,39 In healthy 

individuals, cells from vital organs can protect themselves against glucose 

overload in the presence of hyperglycaemia by downregulating the expression 

of facilitative glucose transporters.40 In patients with critical illness, however, 

expression of glucose transporters on the membranes of several cell types is 

upregulated,41 a process that might be triggered by acute cellular hypoxia. 40 

As a result, high circulating glucose levels overload these cells, which could 

evoke additional cellular damage.40 Possible mediators of such damage are 

accumulating amounts of toxic dicarbonyls or reactive oxygen species 
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resulting from excessive glycolytic flux. 38,39 Critically ill patients may, 

therefore, be particularly vulnerable to acute hyperglycaemic damage. 

Experimental research has also provided important insights on the potential 

mechanisms underlying the benefits evoked by macronutrient restriction in 

ICU patients.42 Autophagy, the cellular system responsible for clearing 

damaged organelles and functional proteins, which also contributes to 

removal of engulfed bacteria in macrophages, is activated by starvation and 

suppressed by nutrients.43,44 A suppressive effect of nutrients on autophagy 

could, therefore, explain delayed recovery of organ failure and impaired host 

defences against infections with early parenteral nutrition during critical 

illness.42 

Together, the data from the proof-of-concept studies on blood glucose 

control,8,14,16 the NICE-SUGAR trial 21 and the EPaNIC trial 34 offer a 

framework in which the evidence can be reconciled and customized 

guidelines can be drafted. Critical illness can be considered as a ‘multiple hit 

insult’, the net outcome being determined by cell damage on the one hand, 

and the ability to cope with such damage on the other hand. (Figure 2) 

Critical illness itself evokes cell damage by hypoxia, hypoperfusion and/or 

excessive inflammation. Such damage has been shown to be aggravated by 

hyperglycaemia. This mechanism appears to have a dose response, with 

greater damage evoked by more pronounced hyperglycaemia. 

Providing nutrients early to patients with prolonged critical illness suppresses 

natural coping mechanisms to clear cellular damage, such as autophagy. 

Hence, it could be speculated that a moderate degree of hyperglycaemia, 

although associated with a certain degree of cell and organ damage during 

illness, can be dealt with when patients are not receiving nutrients, as such 

damage could then be effectively cleared by functioning autophagy. When 

patients are fed, this coping mechanism is suppressed, rendering the damage 

evoked by moderate hyperglycaemia more clinically important, slowing or 

hampering recovery. The combination of not feeding early and strictly 

preventing hyperglycaemia, as was achieved in the intervention arm of the 

EPaNIC trial 34, thus far provides the most adequate, evidence-based strategy 

to prevent additional metabolic damage during critical illness, provided all the 

logistics are available to perform it safely. For ICUs operating in a clinical 
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setting comparable to that of the EPaNIC trial, this strategy can thus be 

recommended. Consequently, the ICUs who participated in EPaNIC have 

implemented this metabolic management in their daily practice. Nonetheless, 

in settings where the risk of hypoglycaemia and glucose variability prevails 

because of practical shortcomings, such as inaccurate tools to monitor blood 

glucose and/or lack of experience, tolerating moderate hyperglycaemia, while 

not feeding early, may represent a defendable clinical guideline, based on 

common sense. 

 

Conclusions 

In ICU patients, in order to prevent additional metabolic damage and to allow 

optimal recovery, nutrients should not be provided too early and important 

hyperglycaemia should be prevented, while avoiding hypoglycaemia and 

inadvertent glucose fluctuations. In the presence of adequate monitoring tools 

and expertise, normoglycaemia remains the only proven effective target for 

insulin treatment of hyperglycaemia in ICU patients. However, if these 

conditions are not fulfilled in the real-world setting, it remains uncertain 

whether an intermediate target range is as effective and safe and thus would 

be preferable. In the absence of hard evidence, common sense supports such 

an intermediate blood glucose target. Better tools are awaited before new 

studies can be designed to define the optimal target range for blood glucose 

in general critical care also outside centres of excellence. 
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Figure 1. Different designs of key intervention trials and expected outcome 

benefits. a | The NICE–SUGAR trial was executed in the flatter part of the J-

shaped association curve between blood glucose and risk of death. A very 

small benefit aimed at lowering blood glucose further down from an 

intermediate level to strict normoglycaemia was hereby traded off against a 

similar risk of harm by hypoglycaemia, particularly when using inaccurate 

tools. b | Based on the analysis of a dose response in the 2 adult proof-of-

concept studies (referred to as “Leuven” trials) 9,15, the maximal benefit that 

could be expected from lowering blood glucose from an intermediate level to 

normoglycemia is <1%, provided blood glucose could be perfectly separated 

between the two study arms.  In order to confidently conclude that such a 

small benefit is not present, 70.000 patients should have been included.  

Hence, NICE-SUGAR, with 6100 patients, was in fact much underpowered to 

address this hypothesis.  
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Figure 2. Balance between damage induction and removal in critical 

illness.  

Critcial illness represents a “multiple hit” insult on cells, with damage induced 

by hypoxia, hypoperfusion and inflammation.  Hyperglycaemia adds to such 

cell damage.  Removal of cell damage is essential for recovery.  Suppressive 

effects by nutrients early during critical illness could compromise such 

damage removal systems.  Conversely, when cell damage removal systems 

are fully functional, perhaps the damage evoked by moderate hyperglycemia 

could be dealt with.  This hypothesis remains to be investigated.  
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