
Background

A burn injury represents one of the most severe forms of 

trauma and occurs in more than 2  million people in 

North America each year [1]. According to the World 

Health Organization, there are an estimated worldwide 

330,000 deaths per year related to thermal injury [2]. A 

severe burn is an extremely devastating injury that aff ects 

nearly every organ system, leading to signifi cant mor-

bidity and mortality, and is accompanied by a hallmark 

hypermetabolic response [3,4]. Th is post-burn hyper-

metabolism is initiated to provide suffi  cient energy for 

maintaining organ function and whole-body homeostasis 

under demanding trauma conditions [5-8]. Unfortunately, 

prolonged hypermetabolism becomes detrimental and is 

associated with vast catabolism multiorgan failure, and 

death [3,9,10]. Various studies have found that the 

metabolic need of a burn patient is the highest of any 

medical state, approaching 140% of that predicted. Th e 

hypermetabolic response involves a vast number of 

pathways, but there is one that appears to most pro-

foundly aff ect post-burn outcomes: glucose metabolism 

with insulin resistance (IR) and hyperglycemia [11-14].

Stress-induced diabetes, with hyperglycemia and IR, 

during acute hospitalization is a hallmark of severely 

burned patients and a common pathophysiological 

pheno menon [4]. During the early phases of post burn, 

hyperglycemia occurs as a result of an increased rate of 

glucose appearance along with an impaired tissue 

extraction of glucose, leading to an increase of glucose 

and lactate [8,15]. Stress-induced hyperglycemia is asso-

ciated with adverse clinical outcomes after severe burn; 

specifi cally, burned patients with poor glucose control 

have a signifi cantly higher incidence of bacteremia/

fungemia, enhanced catabolism, and mortality [11,12]. 

Control of glucose is therefore essential in terms of 

improving post-burn outcomes. However, there has been 

profound controversy about tight euglycemic control in 

critically ill patients as well as burn patients, and the aim 

of this review article is to discuss the current best 

practice for glucose control in burn patients with a 

background of current critical care studies.

Current evidence: tight euglycemic control in critically ill 

patients

Van den Berghe and colleagues described the detrimental 

eff ect of hyperglycemia in critically ill patients, and they 

conducted multiple clinical studies investigating the 

eff ect of decreased glucose levels on outcome [16-20]. 

Th ese authors showed that insulin administered to main-

tain glucose at levels <110  mg/dl decreased mortality, 

incidence of infections, sepsis and sepsis-associated 

multiorgan failure in surgically critically ill patients [19]. 

In an intent-to-treat study, the eff ects of insulin in 

medical ICU patients were investigated [18]. Intensive 

insulin therapy signifi cantly reduced newly acquired 

kidney injury, accelerated weaning from mechanical 

ventilation, and accelerated discharge from the ICU and 

the hospital. In a follow-up study, the authors showed 

that insulin given during the acute phase not only 

improved acute hospital outcomes but also improved 

long-term rehabilitation and social reintegration of 
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critically ill patients over a period of 1 year [21,22]. Th e 

same group then published data on the eff ect of intensive 

insulin treatment in pediatric ICU patients, and the 

authors showed that targeting of blood glucose concen-

trations to age-adjusted normal fasting concentrations 

improved the short-term outcome of patients in the 

pediatric ICU. Most recently, the authors showed in a 

long-term follow-up study that children who had been 

treated with intensive insulin therapy during their ICU 

stay improved motor coordination and cognitive 

fl exibility, but overall tight glycemic control did not aff ect 

IQ compared with control patients [23].

Various unicenter and multicenter studies followed the 

Leuven trials to determine whether tight euglycemic 

control improves outcomes in a diff erent setting. Th e 

results of these trials were mixed, with some showing 

benefi ts with the use of euglycemic control [14,24,25] 

while others demonstrated detrimental eff ects associated 

with tight euglycemic control [26,27].

In a multicenter trial in Europe  – Effi  cacy of Volume 

Substitution and Insulin Th erapy in Severe Sepsis 

(VISEP)  – the eff ect of insulin administration on 

morbidity and mortality in patients with severe infections 

and sepsis was investigated [26]. Th e authors found that 

insulin administration did not aff ect mortality, but the 

rate of severe hypoglycemia was fourfold higher in the 

intensive therapy group when compared with the conven-

tional therapy group [26]. Th e authors concluded that 

intensive insulin therapy is not benefi cial; in contrast, it is 

associated with an increased risk of hypoglycemia. As 

this study had only about 800 patients, a large multicenter 

trial was initiated to address whether intensive insulin 

therapy/tight euglycemic control is associated with im-

proved outcomes. Th e GLUCONTROL trial examined 

the eff ect of intensive insulin therapy compared with 

conventional glucose control on mortality of patients 

admitted to 21 medical–surgical ICUs in Europe. Th e 

trial was designed to admit 3,500 patients, but it was 

stopped early because of a high number of protocol viola-

tions after the recruitment of 1,000 patients with no 

signifi cant diff erences in ICU mortality (17.2% vs. 15.3%) 

and an increased rate of hypoglycemia in the insulin 

group (8.7% vs. 2.7%) [28].

To end the substantial discussion as to whether tight 

euglycemic control is benefi cial, a large multicenter trial 

was initiated. Th e NICE SUGAR trial enrolled more than 

6,000 patients and failed to show benefi cial outcomes for 

critically ill patients with intensive insulin therapy [27]; in 

contrast, the authors found that intensive glucose control 

increased mortality among adults in the ICU: a blood 

glucose target ≤180  mg/dl resulted in lower mortality 

than did a target of 81 to 108 mg/dl [27]. Th e latest trial 

was conducted in pediatric cardiac surgery patients [29]. 

Th is trial was a two-center, prospective, randomized trial 

that enrolled 980 children who underwent surgery with 

cardiopulmonary bypass. Th e authors found that despite 

early, adequate, and good glucose control, in patients 

receiving insulin there was no diff erence in mortality, 

infection, length of stay, or measures of organ failure, as 

compared with standard care. Lastly, various meta-

analyses did not show any benefi t associated with insulin 

therapy; and Preiser and colleagues even suggest ed that it 

is not the insulin per se but the protocolized care that 

improved outcome of tight euglycemic control [28]. A 

recent study in renal transplantation patients did not fi nd 

any diff erence between the intensive insulin glycemic 

group and control patients [30].

Th e reasons for these discrepancies in outcomes are 

not entirely clear and defi ned. One possible explanation 

could be that the Leuven center gives high amounts of 

calories, and a signifi cant amount of these calories as 

parenteral nutrition. Perhaps intensive insulin therapy 

im proves outcomes in these circumstances, but there 

could be other factors present in the Leuven ICU 

population that are not present in other populations.. 

How ever, to discuss these discrepancies is not the scope 

of this review.

A common fi nding of all intensive insulin trials was an 

increased incidence of hypoglycemia. Despite the common 

knowledge to avoid hypoglycemia, little is known about 

its consequences. Th e VISEP trial found a fourfold higher 

incidence of hypoglycemia; the GLUCONTROL trial 

found a threefold to fourfold higher incidence, and the 

NICE SUGAR trial found a similar incidence. A recent 

retrospective study reported the relationship between 

mild (<81  mg/dl) and severe (<40  mg/dl) hypoglycemic 

episodes and death [31], and reported in patients who 

had hypoglycemic episodes that their mortality was 

36.6% compared with 19.7% in those who did not 

experience hypoglycemia. Once the authors adjusted for 

insulin therapy, hypoglycemia was inde pen dently asso-

ciated with increased risk of death, cardio vascular death, 

and death due to infectious disease [31]. Th e NICE 

SUGAR trial group used their patients from the prior 

trial and determined whether hypoglycemia leads to an 

increased morbidity and mortality in ICU patients [32]. 

Th e authors were not able to prove a causal relationship 

between hypoglycemia and death but their data are 

strongly indicative that hypoglycemia in critically ill 

patients is associated with an increased risk of mortality.

Taking all of the data together, insulin therapy appears 

to have some benefi cial eff ects in ICU patients, but by no 

means is it currently evident whether tight euglycemic 

control using intensive insulin therapy is benefi cial or 

not. In contrast, intensive insulin therapy leads to 

increased episodes of hypo glycemia, which are associated 

with worsened outcomes of ICU patients. Current eff orts 

are focusing on adoption and implementation of the 
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original strict glycemic control guidelines as more feasible 

and safe guidelines [33,34]. What about burn patients?

Tight euglycemic control in burn patients

Insulin resistance and hyperglycemia post burn

Stress-induced diabetes with hyperglycemia and IR 

during acute hospitalization is a hallmark of severely 

burned patients, and a common pathophysiological 

pheno menon [4]. During the early phases post burn, 

hyperglycemia occurs as a result of an increased rate of 

glucose appearance along with an impaired tissue extrac-

tion of glucose, leading to an increase of glucose and 

lactate [8,15]. Th is pathophysiological post-burn res ponse 

is similar to the pathophysiology of type  2 diabetes, 

diff ering only in its acute onset and severity.

Of major importance is recent evidence strongly 

suggesting that hyperglycemia is detrimental and asso-

ciated with adverse clinical outcomes in severely burned 

patients. Specifi cally, studies in burn patients indicated 

that hyperglycemia is associated with increased infec-

tions and sepsis, increased incidence of pneumonia, 

signifi cantly increased catabolism and hypermetabolism, 

and, most importantly, with increased post-burn mor-

tality [11-14,35,36].

Although the dire consequences of burn-induced hyper-

glycemia have been delineated, the molecular mecha-

nisms underlying IR and hyperglycemia are not entirely 

defi ned. Accordingly, endoplasmic reticulum stress was 

recently identifi ed as one of the central intracellular stress 

signaling pathways linking IR, hyperglycemia, and in-

fl am mation [37]. Since infl ammation, IR, and hypergly-

cemia are central characteristics of the post-burn res-

ponse [4], we investigated in a preliminary study whether 

a severe burn induces endoplasmic reticulum stress and 

the unfolded protein response in severely burned 

patients. As expected, we found that a severe thermal 

injury induces endoplasmic reticulum stress in the meta-

bolically active tissues skin, fat, and muscle [38]. We 

therefore have evidence suggesting that endoplasmic 

reticulum stress may be central to orchestrating and 

inducing infl ammatory and hypermetabolic responses 

post burn on a cellular level.

Insulin administration in burn patients

Insulin represents probably one of the most extensively 

studied therapeutic agents and novel applications that are 

being determined and developed. One of the fi rst 

publications on insulin, glucose, and fat was from Allison 

and colleagues in Th e Lancet in 1968 [39]. In 1971, 

Hinton and Allison published a report on the use of 

insulin and glucose to reduce the catabolic response to 

burn [40]. Th e complex picture of the post-burn hyper-

metabolic response was enhanced when Wilmore and 

colleagues showed that catecholamines are the mediators 

of the hypermetabolic response inducing hyperglycemic–

hyperinsulinemic res ponses [41]. Th e same authors 

found in 1976 that post-burn hepatic gluconeogenesis is 

the characteristic mediated by glucagon and catechol-

amines [9]. Several studies followed regarding the expres-

sion profi les of glucose and insulin post burn. Wolfe and 

colleagues showed that burn induces a hyperinsulinemic 

hyperglycemic response charac terized by increased 

hepatic glucose output with decreased glucose uptake 

from the periphery [42-45]. Th ey also showed that IR 

increases in the case of an infection or sepsis.

In terms of clinical data, the use of insulin has been 

intensively studied, but tight glycemic control as a 

concept was introduced to burns at the same time as van 

den Berghe and colleagues’ study was published in Th e 

New England Journal of Medicine [18,19]. Th e fi rst data 

on hyperglycemia and inadequate glucose control in burn 

patients were pub lished by Gore and colleagues, who 

showed that hyper glycemia was associated with increased 

hypermetabo lism, catabolism, infection/sepsis, poor 

wound healing, and subsequent increased mortality 

[11,12]. Pham and colleagues showed in a retrospective 

study in 2005 that intensive insulin therapy to maintain 

normoglycemia in severely burned children can be 

implemented in burn patients and that insulin therapy 

lowers infection rates and improves survival [36].

Th e next study was a cohort study in 152 patients from 

the University of Michigan, which showed that intensive 

insulin therapy for burn-injured patients was associated 

with a reduced incidence of pneumonia, ventilator-asso-

ciated pneumonia, and urinary tract infection. Interest-

ingly, these clinical data were subse quently confi rmed in 

a burn–sepsis animal model. In this study, Gauglitz and 

colleagues found that insulin signifi cantly improved 

survival and decreased bacterial load in this model, 

indicating the immunological and survival benefi t of 

insulin therapy [46].

Two studies published in 2008 demonstrated that 

algorithms to ensure glycemic control are feasible and 

eff ective in titrating hyperglycemia [47,48]. Gibson and 

colleagues showed in 2009 that intensive insulin therapy 

was more diffi  cult to implement than insulin therapy in 

surgical ICU patients, but they found in both patient 

populations that insulin improved survival in the ICU 

setting [49].

Th e fi rst randomized controlled trial was published in 

2010 by our group. We enrolled 239 burned pediatric 

patients and found that tight glycemic control signifi -

cantly decreased infection and sepsis, improved organ 

function, and alleviated burn-induced IR compared with 

control patients. Due to an uneven randomization, we 

could not fi nd a diff erence in mortality between groups 

(P <0.14). However, this randomized controlled trial clearly 

indicated that insulin treatment has benefi ts in burn 
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pediatric patients [14]. Th is trial was carried out in 

pediatric patients and there is no randomized controlled 

trial in adult burn patients, so the effi  cacy in burn adult 

patients has yet to be shown.

In summary, there is evidence that tight glycemic 

control is benefi cial in burn patients. Th is fi nding is even 

more important in light of the fact that IR and 

hyperglycemia persists for about 3  years post burn and 

glucose control during acute hospitalization most 

probably alleviates long-term IR and hyperglycemia [50].

Insulin as a therapeutic agent

Over the last years it became evident that insulin not only 

acts as a molecule to mediate glucose control, but 

furthermore that insulin can act as a therapeutic agent per 

se. Various physiologic, biochemical, and metabolic studies 

were conducted using various doses of insulin. Th ese 

studies showed that insulin improved muscle protein 

synthesis and attenuated lean body mass loss leading to 

improved post-burn lean body mass [44]. Insulin further 

improved wound healing of the burn wounds, increased 

protein synthesis in the skin, and accelerated donor site 

healing time [43,51,52]. In burned rabbits, insulin improved 

the net protein balance in scalded skin [45,53,54]. Insulin 

furthermore increased wound healing by pro-mitogenic 

and anti-apoptotic eff ects on keratinocytes and fi broblasts 

[51]. In addition, insulin was found to have profound anti-

infl ammatory eff ects by reducing the infl ammatory and 

acute phase responses [55-58].

One important study by Aarsland and colleagues 

showed that insulin does not contribute to hepatic tri-

glyceride production, which is present in burn patients 

and is a major concern [59]. In several in vivo studies we 

found that insulin has substantial eff ects on hepatocytes 

and alleviates hepatic apoptosis, mitochondrial dysfunc-

tion, and endoplasmic reticulum stress [46,56,58,60,61]. 

Th e fi nding that insulin aff ects mitochondrial function 

was confi rmed in severely burned patients. Th e authors 

found that insulin improved skeletal muscle mitochon-

drial state 3 oxidation [62-64]. Th ese fi ndings represent 

important results as they indicate that insulin not only 

aff ects metabolic profi les but also cellular changes, which 

are linked to metabolic functions [38,60,65].

Following this notion, we found that insulin improves 

intracellular hepatic ATP, glucose, and lactate level post 

burn, indicating improved energy effi  ciency [55,60]. 

Lastly, insulin was recently shown to improve survival in 

a burn–sepsis two-hit model [46]. Th e reason for 

improved outcome was not only metabolic but also 

because of a profound eff ect of insulin on the immune 

system. Overall, insulin appears to have both cell 

protective anabolic eff ects as well as metabolic and 

infl ammatory eff ects, making it a fascinating agent for 

the treatment of burn patients.

Glucose target

Using the envelope of the prospective randomized trial, we 

conducted a large cohort study and asked the question of 

which glucose level should be targeted [66]. We found in 

over 300,000 blood glucose measurements that 130 mg/dl 

appears to be an ideal glucose target. We hypothesized 

that this is due to the fact that hypo glycemia is avoided 

while protein glycolysation that occurs at 150 mg/dl is also 

avoided. We therefore recommended targeting blood 

glucose levels at 130 mg/dl [66]. Th is is in agreement with 

the sepsis guidelines and various meta-analyses. Finney 

and colleagues recom mend glucose levels ≤140 mg/dl [24]. 

Preiser and Devos in their analysis summarized recent 

studies on glucose modulation [25]. Th e authors recom-

mend that, given the hypoglycemic risks of intensive 

insulin therapy and the uncertainty of the ideal glucose 

level, an intermediate level of 140  mg/dl should be 

targeted. Somewhat following this recommendation is the 

Surviving Sepsis Campaign [67]. Th e authors recognized 

the lack of an ideal glucose range and the complications of 

hypo gly cemic episodes, and their recommendation 

changed from maintaining glucose levels <150 mg/dl [67] 

to <180 mg/dl [68]. We found in burn patients, however, 

that a range of 130 to 150 mg/dl is an ideal glucose range 

because protein glycolysation is avoided as well as an 

increased incidence of hypoglycemia. At the Ross Tilley 

Burn Centre we adjusted our glucose ranges to 90 to 144 

mg/dl and found that this represents an eff ective yet safe 

range (Figure 1).

Hypoglycemia, risk, incidence, and treatment

As mentioned above, the downside of tight euglycemic 

control is the increased risk of hypoglycemia. Th ere are 

two levels of hypoglycemia: moderate hypoglycemia, 

defi ned as blood glucose levels <60  mg/dl; and severe 

hypoglycemia, defi ned as glucose levels <40  mg/dl. In 

general, hypoglycemia is considered detrimental and 

dangerous, and current guide lines in critically ill, septic, 

trauma, and burn patients are now calling for less strict 

glucose ranges of glucose levels 130 to 150 mg/dl [25,66]. 

Despite the caution to avoid hypoglycemic episodes, little 

is known about the short-term and long-term conse-

quences of hypoglycemic episodes in the critical care 

setting, or even less so for burn patients. More 

importantly, it is currently unknown whether brief 

periods of hypoglycemia lead to increased morbidity and 

mortality, or worsens clinical outcomes.

We conducted a study in which we determined the 

incidence of hypoglycemic episodes post burn and 

whether hypoglycemia is, in fact, associated with in-

creased post-burn morbidity and mortality (Jeschke MG, 

Pinto R, Kraft R, Finnerty CC, and Herndon DN. 

manuscript in revision). We found in pediatric burn 

patients that hypoglycemia is associated with signifi cantly 
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Figure 1. Protocol for glucose control – hyperglycemia and hypoglycemia – currently used at the Ross-Tilley Burn Centre. D50W, dextrose 

in water (50%); IV, intravenous.
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increased post-burn morbidity and mor tality. It was 

furthermore interesting that the incidence of hypo-

glycemia was signifi cantly increased in patients who were 

enrolled in the intensive insulin trial, confi rming the risk 

of tight euglycemic control shown in other various trials 

[14,26,27,69-71]. Van den Berghe and colleagues report 

an incidence of approximately 5% in the critically ill 

patient population [18,19], while other trials report an 

incidence ranging from 10 to 25% [26,27,71]. Th e inci-

dence of hypoglycemia in burn patients in our study 

(26%) was higher than in other patient populations. We 

believe that the reason for increased hypoglycemia is due 

to the nature of the injury, because maintaining tight 

glycemic ranges is diffi  cult owing to feeding interruptions 

and variability in feeds; in addition, as burn patients 

require weekly operations and daily dressing changes, the 

enteral nutrition occasionally has to be stopped, which 

leads to disruption of gastrointestinal motility, and 

diffi  cult adjustments [4,56,66].

In summary, our study showed that one or more 

episodes of hypoglycemia were associated with clinical 

adverse outcomes. However, it is important to emphasize 

that glycemic control does improve outcomes in severely 

burned children but it is imperative to use management 

strategies that minimize iatrogenic hypoglycemia  – and 

until further outcome is evidenced, practitioners wishing 

to employ this management should consider using con-

sis tent, validated approaches. In case hypoglycemia 

occurs, in our burn centre we implemented infusing 

50  cm3 dextrose in water (50%) intravenously and re-

adjusting the insulin infusion protocol (see Figure 1).

Novel areas of clinical investigations

By no means have all questions regarding glucose control 

been addressed or determined. Several novel areas within 

glucose control have arisen looking at various eff ects, 

treatments, or outcomes post burn. A relatively novel 

topic being investigated is glucose variability. Pidcoke 

and colleagues showed in 2009 for 49 burn patients with 

burns over 20% total body surface area that high glucose 

variability (>50% of values outside 80 to 110  mg/dl) is 

associated with increased mortality [72]. Th is initial 

study was recently confi rmed by Pisarchik and colleagues 

[73]. In a retrospective analysis, the authors analyzed 

blood glucose data of 172 burn patients who did not have 

pre-existing diabetes. Th e authors found that high 

glucose variability was associated with infections/sepsis 

and mortality; interestingly, a high glucose varia bility was 

predictive for these adverse outcomes even if the glucose 

level was within the target range. Whether increased 

glucose variability is a sign of a sick/largely burned 

patient or is a sign of metabolic alterations indicating that 

something is wrong with the patient, serving as a 

predictor, is currently not understood.

A second area of interest is how we measure glucose 

levels. In 2008, Mann and colleagues showed in surgical, 

trauma, medical, cardiothoracic, and burn patients that 

there are signifi cant diff erences in glucose levels depend-

ing on the device used [48]. Th e authors tested three 

common glucometer brands and compared these results 

with laboratory results. Th e authors found that gluco-

meter results were higher when compared with labora-

tory values and that hematocrit profoundly aff ected the 

readout of various devices [74]. Th e same group followed 

up with another study in 2010, and very impressively 

showed that glucose measurements should be conducted 

via one biochemical analysis because anemia has been 

shown to cause hypoglycemia in ICUs due to error in 

single-channel glucometers [75]. Th ese results clearly 

indicate that our point-of-care measurements are wrong 

and we base treatment decision on the wrong infor ma-

tion. Th ere has been some strong eff ort to change open-

loop point-of-care glucose testing to closed-loop testing, 

which would avoid these signifi cant errors. A recent 

review by Damiano and colleagues compares three closed-

loop models and indicates strengths and weaknesses [76].

Lastly, novel areas in the fi eld of glucose control involve 

anti-diabetic agents that can control gluconeogenesis or 

glucose uptake without causing hypoglycemia. Agents 

that are being currently tested involve glucagon-like 

peptide-1 [77], metformin [78-80], peroxisome proliferator-

activated receptor alpha agonist [81,82], and oral insulin 

(unpublished observations), but none of these agents are 

gold standards at the present time.

Conclusion

Current studies and data indicate that insulin has 

benefi cial eff ects in the treatment of severely burned 

patients. Insulin administration is associated with 

increased episodes of hypoglycemia. We and others have 

recently shown that hypoglycemia in burn patients is 

associated with worse clinical outcomes and that hypo-

glycemia should be avoided if possible. We conducted a 

study to determine the ideal glucose target in severely 

burned children. We found that 130  mg/dl is the best 

glucose target because of the glucose levels being <150 to 

160 mg/dl but avoiding detrimental hypogly cemia. Given 

recommendations from the critical care literature and 

other patient populations, it appears that a glucose range 

of 90 to 140 mg/dl seems ideal for treating burn patients. 

In comparison, the current surviving sepsis guidelines 

are calling for glucose <180 mg/dl [68].

Abbreviatio  ns

IR, insulin resistance; NICE-SUGAR, Normoglycemia in Intensive Care 

Evaluation – Survival Using Glucose Algorithm Regulation; VISEP, Effi  cacy of 

Volume Substitution and Insulin Therapy in Severe Sepsis.
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