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Abstract: Glucose metabolism in humans is exceedingly complex. At baseline, it is controlled 

by elaborate signaling mechanisms, and these mechanisms are profoundly altered by the surge 

of catecholamines and cytokines associated with acute postsurgical and post-traumatic stress. 

These alterations in signaling mechanisms result in hyperglycemia; although this hyperglycemia 

can start very rapidly after the traumatic or surgical insult, it can persist during the entire period 

of critical illness and even afterward. Numerous randomized clinical trials have been conducted 

to determine if hyperglycemia is associated with increased mortality in surgical patients. These 

studies have had different conclusions that are difficult to interpret in light of differences in study 

methodology, but there is certainly ample evidence that inadequately controlled hyperglycemia 

causes harm due to increased infectious morbidity, and possibly increased mortality. As we 

have become more proficient in controlling hyperglycemia, the concept of insulin resistance, 

determined as the amount of insulin required to achieve hyperglycemia, has come to the fore. 

Insulin resistance is not a static concept, and may change before significant events such as 

infection. Patients with elevated and persistent insulin resistance have been demonstrated to 

suffer increased infectious morbidity and mortality, albeit in nonrandomized studies. Along 

with insulin resistance, the concept of glycemic variability, the amount of variation in serum 

blood glucose over time, has also become relevant; increased variability has been associated 

with hypoglycemia and mortality. Both of these risks can result from aggressive insulin therapy, 

and glycemic control protocols must be appropriately planned and implemented to avoid hypo-

glycemia and excessive externally induced variability. Computer-assisted protocols may be of 

significant benefit in optimizing glycemic control. The most recent recommendations available 

are to keep serum blood glucose levels below 150 mg/dL and to avoid hypoglycemia.

Keywords: insulin resistance, hypoglycemia, insulin signaling, hyperglycemia, critical illness, 

glycemic variability

Introduction
The maintenance of serum blood glucose (BG) in humans is an exceedingly complex 

endeavor involving multiple organ systems including the liver, pancreas, small intes-

tine, and skeletal muscle. Maintaining serum glucose levels is critical as glucose is 

the primary energy source for multiple tissues, most importantly those of the central 

nervous system. While relatively short periods of hypoglycemia may expose a critically 

ill patient to an increased risk of mortality, severe hyperglycemia may expose patients 

to increased risk of mortality1 and increased risk of surgical site infection (SSI).2–7 Fol-

lowing periods of traumatic and surgical stress, changes induced in the insulin signal-

ing pathways contribute to decreases in insulin sensitivity that lead to hyperglycemia, 

even in nondiabetic patients. Hyperglycemia in these patients contributes to the risk 

O
pe

n 
A

cc
es

s 
S

ur
ge

ry
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OAS.S50416
mailto:addison.may@vanderbilt.edu


Open Access Surgery 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

28

Mukherjee et al

of adverse outcomes. Control of severe hyperglycemia has 

been associated with improved outcomes in critically ill and 

postsurgical patients, although the benefit may be negated if 

the risk of hypoglycemia is high.

Over the past 15 years, the pendulum of glycemic control 

has switched from permissive hyperglycemia, tolerating 

levels much greater than 200 mg/dL, to aggressive BG con-

trol with a target range of 80–110 mg/dL, and subsequently 

back to a midrange target, as literature has demonstrated 

the potential harm induced by hypoglycemia during aggres-

sive efforts to control glucose levels.8–10 To enable a full 

understanding of the physiologic changes induced by stress 

and the risks and potential benefits of efforts to maintain 

glucose levels in the critical ill and postsurgical patient, the 

changes in basic insulin signaling, evidence supporting the 

range of control, and system support to optimize control 

will be reviewed.

Normal insulin signaling
Along with the pancreas and intestinal tract, the skeletal 

muscle, adipose tissue, and liver form an elegant physiologic 

model of glucose homeostasis. In the postabsorptive state, 

the liver maintains BG concentration through gluconeogen-

esis for glucose-dependent tissues. During the absorptive 

state, insulin-independent glucose uptake by the pancreatic 

beta cells leads to glucose-stimulated insulin secretion into 

the portal circulation, where it first acts through the insu-

lin receptor (IR) to decrease hepatic glucose output. The 

remaining insulin acts in the skeletal muscle and adipose 

tissue to increase glucose clearance from the circulation. As 

meal-derived glucose is taken into the peripheral tissues or 

cleared by the liver for storage as glycogen, the stimulus for 

insulin secretion diminishes.

The IR is a receptor tyrosine kinase and exists as a dimer 

of either of two splice variants (IR-A and IR-B) that may have 

differential downstream effects.11–13 Upon binding insulin 

or insulin-like growth factor (IGF)-1 or IGF-2, the receptor 

undergoes a conformational change leading to autophospho-

rylation of intracellular tyrosine residues, allowing for the 

binding of other signal transduction molecules such as Src 

homology 2 (SH2) domain-containing proteins.14,15 Similar 

to other transmembrane signaling receptors, the IR contains 

other binding domains (eg, pleckstrin homology) that cluster 

signaling proteins at the receptor and activate or deactivate 

effector molecules, including kinases, phosphatases, and 

G-proteins (Figure 1).16–18

The most important of these are the IR substrate (IRS) 

proteins, also containing SH2 domains.19–21 IRS-1 is viewed 

as the most important for glucose metabolism and IRS-2 is 

primarily involved with lipid metabolism, but with overlap 

in function due to cross talk between downstream effec-

tors.22–25 The functions of IRS-3 and IRS-4 are still being 

elucidated.26–32 IRS proteins propagate the insulin signal 

via phosphorylation on tyrosine residues, while serine and 

threonine phosphorylation sites on IRS proteins can terminate 

or preclude the insulin signal.11,33–35

A number of other receptors and signaling pathways 

can modulate the insulin signal,2–7 including the phospho-

inositol system (PI3K), atypical protein kinase C (PKC), 

Akt, mTOR,36,37 ribosomal protein S6 kinase-1 (S6K1), and 

ERK1/211–13 pathways. One of the most important from a 

surgical perspective is the tumor necrosis factor (TNF)-α 

inflammatory signaling pathway with downstream activation 

of JNK and interleukin (IL)-6.14,15 Well-described mediators 

of inflammation (eg, nuclear factor kappa B and IKK) and 

proinflammatory cytokines (eg, TNF-α, IL-6) have been 

shown to inhibit cellular transmission of the insulin signal, 

contributing to insulin resistance.16–18 Suppressors of cytokine 

signaling (SOCS) proteins cause ubiquitin-mediated deg-

radation of IRS proteins, also downregulating the insulin 

signal.19–21 Knockout of SOCS proteins or proinflammatory 

cytokines (ie, IL-6) is associated with preserved insulin 

signaling.22–25 Similarly, a chronic state of inflammation may 

underlie the development of diabetes and obesity and drive 

worsening insulin resistance.26–32

There are a number of other tissue- and cell-specific 

signaling pathways downstream of the IR that modulate the 

activity of downstream targets.11,33–35 This tissue specificity 

leads to not only clearance of glucose from the plasma via 

the membrane trafficking of GLUT4,38,39 but also to other 

actions of insulin, including effects on protein synthesis40 and 

proteolysis,41,42 cellular proliferation and cancer,43 appetite 

and centrally mediated control of glucose homeostasis,44,45 

and endothelial dysfunction/hypertension.46 While these 

mechanisms work well in nondiabetic patients at baseline, 

they can become profoundly altered with the introduction of 

acute stress in the setting of critical illness and injury.

Insulin signaling following  
acute stress
The response to severe stress involves activation of the 

neuroendocrine system with a resulting release of multiple 

hormones including cortisol, norepinephrine, epinephrine, 

glucagon, and growth hormone47 that contribute to  systemic 

inflammation and increase hepatic gluconeogenesis. A 

total of 30%–40% of critically ill patients suffer from 
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stress-induced hyperglycemia as a result, although some 

proportion of these patients may have occult diabetes mel-

litus (DM).48–51 Moderate hyperglycemia may be protective 

in the stressed setting to ensure an adequate glucose sup-

ply for the brain and the immune system.52,53 The pancreas 

increases insulin secretion in response; although this is 

inadequate to create euglycemia, it upregulates the GLUT 

transporters,47 allowing for rapid intracellular glucose uti-

lization (Figure 2).54

Hypoxia-inducible factors respond to stress-induced 

hypoxia, upregulate GLUT expression, erythropoieitin, and 

VEGF, and shift away from aerobic to anaerobic  metabolism.47 

Sepsis, another common trigger for critical illness, inhibits 

glycogen synthesis; as a result, a large supply of glucose 

is available for cellular uptake, largely by the immune cells 

combating the systemic infection.47 Although hyperglyce-

mia provides glucose for immune cells, it also reduces the 

effectiveness of monocytes, macrophages, and neutrophils 

via the inhibition of cytokine secretion and myeloperoxi-

dase activity.52 As in hypoxia, metabolism is shifted toward 

anaerobic modalities.

The durability of stress-induced hyperglycemia is 

 surprising. Frequently, critically ill patients increase 

their insulin resistance over days to weeks; changes in 

hyperglycemia and insulin resistance may be indicative of 

impending infection.55 Changes in gene expression that occur 

as a result of changes in hormone levels and the activation 

of cytokines may result in long-term changes in glucose 

metabolism.56 It remains to be seen what the definitive impact 

of all these changes in cytokine and gene expression are on 

mortality, although this particular question is one that has 

been the subject of numerous studies and clinical trials.

Hyperglycemia and mortality  
in surgical patients
Admission hyperglycemia is a common finding in the criti-

cally ill and injured population. Although in some cases this is 

due to occult DM, the vast majority of hyperglycemic trauma 

patients are nondiabetic;49 78% of hyperglycemic emergency 

department patients in one study were likewise nondiabetic;50 

the same finding was true in critically ill medical patients.57

There is also a great deal of data that associates such 

admission hyperglycemia with poor outcomes. This has been 

shown, albeit retrospectively, with an association between 

admission hyperglycemia, particularly if persistent, and an 

increased risk of infectious complications and mortality 
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Figure 1 insulin receptor signaling and downstream pathways.
Notes: An insulin molecule binds to the transmembrane iR, actually a dimer of iR-A or iR-B subunits. This in turn binds the SH2 domain of iRS family proteins, resulting in 
the activation of numerous downstream pathways. Proinflammatory proteins, including TNF-α, JNK, iL-6, NF-κB, and iKK, inhibit these downstream pathways, thus blunting 
the response to insulin. SOCS proteins degrade iRS proteins via a ubiquitin-dependent mechanism, thus inhibiting the root of the insulin response.
Abbreviations: iR, insulin receptor; SH2, Src homology 2; SOCS, suppressors of cytokine signaling; iRS, insulin receptor substrate; Pi3K, phosphoinositol system; PKC, 
protein kinase C; S6K1, S6 kinase 1; TNF, tumor necrosis factor; iL, interleukin; NF-κB, nuclear factor kappa B.
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even after correction for obesity and diabetes.6,7,58,59 Kerby 

et al60 noted in a study of more than 6,800 trauma patients 

that mortality was higher in nondiabetic patients with hyper-

glycemia than in diabetic patients, while both groups were 

at increased risk for pneumonia. Interestingly, Egi et al61 

noted that admission hyperglycemia and maximum intensive 

care unit (ICU) BG levels were actually protective against 

ICU mortality; this finding is at odds with other work on the 

subject that found admission hyperglycemia to be associated 

with mortality58 and that acute elevations in serum glucose 

were associated with ICU mortality after adjusting for age 

and severity of illness.6 Bochicchio et al7 also found that 

persistent hyperglycemia was predictive of mortality, and 

Mowery et al62 noted that failure to correct hyperglycemia 

despite insulin administration was predictive of mortality. 

The studies from Bochicchio et al, Egi, and Mowery et al are 

all retrospective, but they involve high numbers of patients, 

serial BG measurements, and in the case of the Mowery 

paper, a robust and well-validated insulin protocol.63,64 The 

most notable deficiency of the Egi et al paper61 is the absence 

of a standardized glycemic control protocol across the four 

ICUs that were studied. Furthermore, only two of the four 

centers collected information about the diabetic status of 

patients; Egi et al65 previously demonstrated a significant 

interaction between the chronic hyperglycemia associated 

with diabetes and the acute hyperglycemia associated with 

stress, and concluded that an unspecified degree of permis-

sive hyperglycemia might improve outcomes in critically 

ill diabetic patients. Thus, the incomplete data collection in 

this area is a significant shortcoming that might explain the 

variation in his results.

Once intensivists began treating hyperglycemia, the con-

cept of insulin resistance came to the fore, with some patients 

requiring a much higher insulin dose than others to maintain 

their BG in a euglycemic range; thus, there was still a differ-

ence between the glucose metabolism among patients even 

after hyperglycemia had been addressed. Patients who required 

more insulin to maintain euglycemia (insulin-resistant) were 

more than twice as likely to have positive blood cultures after 

injury,66 and changes in insulin resistance have been shown to 

precede the diagnosis of ventilator-associated pneumonia.55 

The mortality risk is  particularly notable for patients with 

traumatic brain injury; those with elevated insulin resistance, 

as measured by the amount of insulin required to maintain 
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Figure 2 Hyperglycemia and critical illness: a complex interrelationship.
Notes: Critical illness and injury alter mechanisms of glucose mechanisms through release of cytokines (TNF-α, iL-1, iL-2, iL-6, iL-8) and in turn the secretion of stress 
hormones (cortisol, epinephrine, norepinephrine, glucagon, and growth hormone). These separate phenomena result in insulin resistance, as manifested by alterations 
in the GLUT receptors and decreased adiponectin. These changes result in proteolysis and lipolysis to create substrates that can be utilized for gluconeogenesis by the 
liver. elevated glucose production results in serum hyperglycemia, which can further aggravate the cycle of oxidative stress. Reprinted with permission from SURGiCAL 
iNFeCTiONS, volume 12, 2011, pp. 405–418, published by Mary Ann Liebert, inc., New Rochelle, NY, USA.54

Abbreviations: ins, insulin; Ala, alanine; Glu, glutamine; iR, insulin resistance; TNF-a, tumor necrosis factor alpha; iL, interleukin.
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euglycemia, had an odds ratio (OR) for mortality of 1.36 

(95% confidence interval [CI]: 1.01–1.82).67 The level of 

insulin resistance was also associated with mortality in the 

critically ill postsurgical population, even after controlling for 

body mass index.68 Failure to reach euglycemia despite insulin 

therapy has also been associated with increased mortality in 

the trauma population.62

Despite a large amount of data in this area, there were 

no well-conducted randomized trials. Van den Berghe et al1 

are credited, appropriately so, with conducting the first 

randomized controlled trial of what we now consider to 

be “tight” glycemic control in critically ill patients with a 

study published in 2001. This study randomized a total of 

1,548 mechanically ventilated patients admitted to a single 

ICU to either intensive control (insulin infusion titrated 

to maintain serum BG between 80–110 mg/dL once the 

serum BG exceeded 110 mg/dL) or conventional treatment 

(insulin infusion titrated to maintain serum BG between 

180–200 mg/dL once the serum BG exceeded 215 mg/dL). 

The primary endpoint was all-cause ICU mortality. BG 

testing was performed at 1–4-hour intervals while patients 

were on the insulin infusion, and patients received glycemic 

provision with intravenous glucose during the first 24 hours 

after admission, followed by enteral or parenteral nutrition 

starting on the second hospital day. Enteral nutrition was 

started when felt to be safe by the attending physician. When 

the patient was discharged from the ICU, the insulin infusion 

was discontinued, and a sliding scale protocol was initiated 

to keep BG between 180–200 mg/dL.

Van den Berghe et al1 noted that there was decreased 

all-cause ICU and hospital mortality in the intensive insulin 

therapy (IIT) arm (4.6% versus 8.0% [risk of ICU mortality]; 

P,0.04), as well as a reduced incidence of bloodstream 

infection, reduced number of patients with a duration of 

mechanical ventilation longer than 5 days, reduced incidence 

of critical illness polyneuropathy, and a decreased need for 

hemodialysis. The benefit in mortality was concentrated 

in patients with multiple organ dysfunction with a septic 

source. In addition, 5.1% of patients in the intensive therapy 

arm (39/765) had at least one serum BG level ,40 mg/dL, 

whereas severe hypoglycemia only occurred in 0.7% (6/783) 

of conventional therapy patients. The actual algorithm utilized 

was not provided, and this rate of severe hypoglycemia is 

notably higher than what has been reported in other studies 

using computer-assisted insulin infusion algorithms.69–71

This study is notable for several reasons. First, it was 

novel. Secondly, its study population was relatively unique. 

A total of 62.6% of the patients (970/1,548) were admitted 

to the ICU after cardiac surgery. The remainder of the patient 

population was split among trauma/burn patients; patients 

with neurological disorders; and patients after vascular, 

thoracic, or abdominal surgery. Thirdly, this study used a 

fairly modern and aggressive approach to nutritional supple-

mentation, with the administration of intravenous dextrose 

during the first 24 hours of admission followed by immediate 

enteral or parenteral nutrition. This last design parameter is 

notable in light of recent evidence that early administration 

of parenteral nutrition may increase ICU mortality, the need 

for mechanical ventilation, and the rate of ICU infections.74 

Perhaps the most significant finding was the relationship 

between hyperglycemia, infection, multiple organ dysfunc-

tion, and death.1

Although the study from van den Berghe et al1 helped to 

create a dramatic change in practice in ICUs worldwide, it 

is worth noting that no other large study since has been able 

to duplicate the mortality reduction that van den Berghe et al 

Table 1 Key randomized controlled trials evaluating mortality for tight glycemic control in critically ill surgical patients

Author Patients Design Sample  
size

Glucose control Mortality 
OR (95% CI)

van den  
Berghe et al1

Surgical 80–110 mg/dL versus  
180–200 mg/dL

765 (GC) 
783 (Cont)

103±19 (GC) 
153±33 (Cont)

0.64 (0.45–0.91)

Grey and  
Perdrizet75

Surgical 80–120 mg/dL versus  
180–220 mg/dL

34 (GC) 
27 (Cont)

125±36 (GC) 
179±61 (Cont)

0.47 (0.12–1.86)

De La  
Rosa et al76

Mixed 80–110 mg/dL versus  
180–200 mg/dL

252 (GC) 
250 (Cont)

120 (iQR: 110–134) (GC) 
149 (iQR: 124–180) (Cont)

1.08 (0.75–1.54)

Arabi et al77 Mixed 80–110 mg/dL versus  
180–200 mg/dL

266 (GC) 
257 (Cont)

115±18 (GC) 
171±34 (Cont)

0.78 (0.53–1.13)

Preiser  
et al78

Mixed 80–110 mg/dL versus  
140–180 mg/dL

536 (GC) 
542 (Cont)

117 (iQR: 108–130) (GC) 
144 (iQR: 128–162) (Cont)

1.27 (0.94–1.7)

Finfer et al79 Mixed 80–110 mg/dL versus  
140–180 mg/dL

3054 (GC) 
3050 (Cont)

115±18 (GC) 
144±23 (Cont)

1.09 (0.96–1.23)

Abbreviations: OR, odds ratio; CI, confidence interval; GC, glycemic control arm of study; Cont, control arm of study. IQR, interquartile range.
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Table 2 investigations on the impact of hyperglycemia and infectious complications

Author Population Design Sample size Outcome measure Results

vriesendorp97 infrainguinal  
vascular surgery

Retrospective 211 POi Postoperative glucose an independent risk 
factor for POi

Ramos98 General and  
vascular surgery

Retrospective 995 POi incremental elevation of postoperative 
glucose ($110 mg/dL) a risk factor for POi in 
multivariable analysis

vilar- 
Compte134

Mastectomy for  
breast cancer

Retrospective  
case control

260 SSi One BG level $150 mg/dL an independent risk 
factor for SSi

Marchant107 Hip or knee  
arthroplasty

Retrospective 1,030,013 POC, including infections  
and wound complications

Controlled and uncontrolled diabetes 
associated with increased odds of POC

Ata112 General and  
vascular surgery

Retrospective 1,561 SSi POG $140 mg/dL associated with increased 
risk of SSi in colorectal surgery; diabetes, but 
not POG, associated with increased risk of SSi 
in vascular surgery

Frisch94 Noncardiac  
general surgery

Prospective  
observational

3,184 POi Diabetic patients more likely to have POi

King106 DM, noncardiac  
surgery

Retrospective 55,408 30-day POi Mean 24-hour POG $150 mg/dL increased the 
risk of POi

Umpierrez111 Type 2 DM,  
noncardiac  
surgery

PRMCT 211 POi Basal bolus insulin and glulisine with meals 
resulted in better glucose control and lower 
POi rate

Jackson135 Open colectomy  
for colon cancer

Retrospective 7,576 POi Moderate hyperglycemia (BG 161–200 mg/dL) 
on the day of operation as a risk factor for POi

Jämsen136 Primary hip or  
knee arthroplasty

Retrospective 7,181 Periprosthetic joint  
infection

Diabetes and morbid obesity increased the risk 
of periprosthetic joint infection

Richards3 Orthopedic  
trauma without  
a history of DM

Retrospective 790 30-day SSi Postoperative hyperglycemia (HGi $1.76 or 
two random BG $200 mg/dL) an independent 
risk factor for SSi

Kwon137 elective colon/ 
rectal or bariatric  
surgery

Retrospective 11,633 30-day POi Postoperative (POD 1 or 2) hyperglycemia 
$180 mg/dL associated with an increased risk 
of POi

Richards5 Nondiabetic  
orthopedic trauma

Prospective  
observational

164 30-day SSi Hyperglycemia (random BG $200 mg/dL or 
fasting BG $125 mg/dL) associated with SSi

wukich109 Foot and ankle  
surgery with DM

Prospective  
observational

2,060 SSi Complicated DM and patients with neuropathy 
had an increased risk of SSi

Abbreviations: POi, postoperative infection; SSi, surgical site infection; BG, blood glucose; POC, postoperative complication; POG, postoperative glucose; DM, diabetes 
mellitus; PRMCT, prospective, randomized, multicenter trial; HGi, hyperglycemic index; POD, postoperative day.

observed (Table 1).75–79 Of note, the NICE-SUGAR trial79 of 

6,104 critically ill patients did not note any mortality benefit 

in the ICU, but it actually noted an increased OR for mor-

tality in the intensive (81–108 mg/dL) group as compared 

to the conventional (,180 mg/dL) group at 90 days (OR: 

1.14 [95% CI: 1.02–1.28; P=0.02]).79 Although this patient 

population contained more trauma patients (14% as opposed 

to 4% in the van den Berghe et al study1), overall only 36.6% 

(2,233/6,104) of the patients were  postsurgical. The intensive 

control group had a higher incidence of corticosteroid admin-

istration for presumed septic shock, although the incidence 

of septic shock itself was not different between groups.

Again, the incidence of severe hypoglycemia was dramat-

ically higher in the intensive control arm (6.8% [206/3,016]) 

as opposed to the control arm (0.5% [15/3,014]); this 

was statistically significant with an OR of 14.7 (95% CI: 

9.0–25.9; P,0.001). Some additional credence to the theory 

that hypoglycemia may play a role is fostered by Griesdale 

et al’s meta-analysis,80 which showed a consistent increase 

in the OR of hypoglycemia in trials with IIT (overall OR 

of 5.99 [95% CI: 4.47–8.03]). However, Griesdale et al did 

not find any significant mortality effect, either positive or 

negative, from IIT. Other authors, however, have noted a 

mortality difference. Of note, Krinsley81 found that even a 

single episode of hypoglycemia increased mortality in criti-

cally ill patients (OR: 2.28 [95% CI: 1.41–3.70]; P=0.0008). 

Mowery et al71 noted the same finding in critically ill postsur-

gical patients, despite an incidence of severe hypoglycemia 

of only 4.6%, lower than either the van den Berghe et al1 

or the NICE-SUGAR study.79 Bagshaw et al82,83 found that 

early hypoglycemia was independently associated with 

increased mortality.
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Hypoglycemia aside, there are other clear differences 

between the van den Berghe et al study1 and the NICE-

SUGAR study79 that may explain the differences in outcome. 

The NICE-SUGAR trial had a higher proportion of medical 

patients who even van den Berghe et al found to not share 

the mortality benefit of tight glycemic control enjoyed by 

their postsurgical counterparts.84 The NICE-SUGAR trial 

had a higher incidence of hypoglycemia than did the van den 

Berghe et al study. The NICE-SUGAR investigators were less 

nutritionally aggressive than their counterparts in the van den 

Berghe et al study, particularly with parenteral nutrition. This 

is notable because more aggressive nutritional supplementa-

tion with balanced enteral or parenteral nutrition has been 

shown to be preventive of hypoglycemia when compared to 

carbohydrate administration alone.69 While the deaths in the 

van den Berghe et al trial were largely associated with sepsis, 

most of the deaths in the NICE-SUGAR trial were from a 

cardiovascular origin. Also unlike van den Berghe et al’s 

study, the NICE-SUGAR investigation does not reveal any 

significant differences in ICU morbidity.

Griesdale et al’s meta-analysis,80 mentioned earlier, does 

suggest that surgical patients may have a mortality benefit 

from IIT, but a closer examination of this group reveals that 

it is dominated by van den Berghe et al’s study;1 thus, it is 

difficult to determine if this is a true effect. On the other hand, 

none of the studies referenced earlier have found a significant 

effect of diabetes predating the critical illness in the outcome 

of patients, lending credibility to the theory that chronic 

hyperglycemia due to DM, and acute hyperglycemia due to 

stress and critical illness, may have relatively independent 

effects on mortality in this patient population.1,79

Therefore, the mortality effects, in either direction, of 

IIT remain unclear. It is unlikely that another large trial will 

be initiated to answer the question given that a multicenter 

randomized controlled trial (NICE-SUGAR) with more 

than 6,000 patients did not yield a statistically significant 

result.79 It is likely, however, that the risks of hypoglyce-

mia have been underappreciated in the quest to achieve 

tight glycemic control, and that hypoglycemia likely has 

significant effects on mortality. In light of recent studies, 

the practice at our institution has changed; although we still 

pursue relatively robust glycemic control, we predominantly 

aim for a serum BG level ,150 mg/dL. In the absence of 

data from prospective randomized clinical trials in surgical 

patients, this practice pattern is based on the most recent 

guidelines proposed by Jacobi et al.85

The focus on mortality alone in this section is deliberate. 

Although the mortality benefits of glycemic control have 

not been clearly demonstrated through the preponderance 

of available studies, there is a well-developed relationship 

between hyperglycemia and infectious morbidity that merits 

consideration, particularly in critically ill patients recovering 

from a surgical insult.

Glycemic variability
The effects of hyperglycemia and insulin resistance are 

intimately intertwined with the concept of glycemic vari-

ability, the amount of variation in the BG level of a patient 

that is noted with repeated measurements. This glycemic 

variability is derived from two separate components, the 

first being changes in native insulin resistance that may be 

associated with infection,55 and the second is the effect of 

exogenous insulin therapy itself. Although investigators vary 

widely in their measurement of BG variability, Braithwaite86 

and Braithwaite et al87 lent some statistical rigor to the term 

via a logarithmic transformation of raw BG data that then 

underwent a reverse transformation to establish group means 

for different populations; this method has since undergone 

clinical validation.

While insulin therapy can adequately treat hyperglycemia, 

the effect of BG variability is to increase mortality, regard-

less of the BG level.88 Bagshaw et al82,83 likewise found that 

BG variability was independently associated with increased 

mortality. Egi et al’s61 retrospective study of more than 7,000 

patients found that both the mean BG level and its standard 

deviation were associated with increased mortality; the OR 

for the 30-day mortality following an increase of 1 mmol in 

the standard deviation of serum BG levels was 1.28 (95% CI: 

1.14–1.44]. A study of more than 30 Dutch ICUs found some 

differences in which measurements of glycemic variability 

were related to mortality in surgical as opposed to medical 

patients; the standard deviation of serum BG was associated 

with increased mortality in all patient populations.89

Kauffmann et al70 further noted that BG variability was 

a harbinger of hypoglycemia, and their study was conducted 

in an institution with a lower rate of hypoglycemia than the 

results from the NICE-SUGAR study.71 Although the inci-

dence of BG ,40 mg/dL was not reported, the incidence 

of BG ,50 mg/dL was 11.1%.70 This study is significant 

because it is not necessarily intuitive as to why increased 

glycemic variability should be associated with mortality; 

Kauffmann et al’s work suggests that the relationship between 

BG variability and hypoglycemia might provide a mecha-

nism for increased mortality in the critically ill. Of note, 

Krinsley90 found that increased BG variability, as measured 

by the standard deviation of serum BG divided by the mean 
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serum BG (coefficient of variability), was associated with 

increased mortality in nondiabetic patients, whether they 

had a serum BG target range of 80–140 mg/dL or no target 

range, and that the relationship persisted even after adjusting 

for hypoglycemia. Egi and Bellomo91 postulate that glycemic 

variability might be inherently deleterious due to increased 

levels of oxidative stress via the protein kinase C pathway; 

they also suggest that glycemic variability might be a sur-

rogate for poor care or more severe illness.

On the other hand, there was no relationship between BG 

variability and mortality in critically ill diabetic patients, 

corroborating Egi’s theory65 that preexisting diabetes might 

be protective against some of the deleterious effects of acute 

hyperglycemia. Sechterberger et al92 also found that mean 

BG and BG variability (as measured by the mean absolute 

change in serum BG level) were also only related to mortal-

ity in diabetics.

As previously mentioned, in the setting of a highly effec-

tive and accurate glycemic control protocol, a great deal of 

the glycemic variability that would otherwise be apparent 

may be dampened. Even if the BG level stays the same due to 

aggressive and effective BG control, the amount of sensitivity 

to insulin may change dramatically in ICU patients with time. 

Pretty et al93 noted that patients are much less insulin-resistant 

on their first ICU day as compared to subsequent days, and thus 

may be more vulnerable to hypoglycemia early in their ICU 

stay. We have also demonstrated that, even after accounting for 

infection, there is an increase in the level of insulin resistance 

as patients move farther into their ICU course.55 Unpublished 

work from our group indicates that this finding is still noted 

even after adjusting for the amount of glycemic provision 

(Mukherjee et al, unpublished data, 2015). It is possible, 

therefore, that glycemic variability is merely the external mani-

festation of changes in insulin resistance that are incompletely 

understood, potentially increased in surgical patients, and not 

present or decreased in significance in patients with chronic 

hyperglycemia and insulin resistance due to DM.

Hyperglycemia and infection  
in surgical patients
Hyperglycemia is a well-established risk factor for infec-

tious complications in surgical patients. Much of the initial 

data gathered on elevated BG and postoperative infectious 

morbidity were related to patients with a history of DM. 

Patients with DM were more likely to suffer from postoperative 

infectious complications, including pneumonia, urinary tract 

infections, sepsis, and SSI.94 A considerable amount of clinical 

investigations in cardiac surgery patients revealed that elevated 

BG in excess of 200 mg/dL was associated with a significant 

increase in postoperative infectious risk.95,96 Furthermore, 

subsequent studies have identified that the increased infection 

risk is not isolated to patients with a history of DM, and that 

hyperglycemia in nondiabetic patients may portend a worse 

clinical outcome (Table 2).97–100 Given the increased attention 

to nosocomial infections and “never” events, hyperglycemia 

has remained the focus of potential modifiable risk factors in 

the prevention of postoperative complications.

Hyperglycemia in the setting of poorly controlled DM 

results in the production of advanced glycosylation end 

products, which accumulate in and affect extracellular matrix 

production. This pathophysiologic response is manifested by 

alterations in cellular function, including impaired leukocyte 

function and chemotaxis, decreased phagocytosis, ineffective 

bacterial eradication, and overall decreased immune respon-

siveness.101 In addition, hyperglycemia in DM is known to 

result in impaired collagen synthesis, which is associated 

with delayed wound healing.102,103 This decreased collagen 

framework, along with the microvascular changes directed 

by reactive oxygen species production via hyperglycemia, 

is responsible for poor tissue perfusion.104 In addition to 

these alterations in cellular function, hyperglycemia also 

promotes a state of hyperinflammation. Increased cytokines, 

such as TNF-α, IL-6, and plasminogen activator inhibitor, 

results in increased vascular permeability, platelet activa-

tion, and endothelial dysfunction.104 In summary, the altered 

physiologic environment observed with hyperglycemia cre-

ates a cellular milieu that promotes invasion by infectious 

sources.58

The clinical impact of hyperglycemia and postopera-

tive infections was initially established in cardiac surgery 

patients. Latham et al95 reported that a history of DM and 

postoperative hyperglycemia (BG $200 mg/dL) were sig-

nificant risk factors for SSI. This increased risk remained 

true even for hyperglycemic patients without a history of 

DM. The association with hyperglycemia and postoperative 

infectious complications was further corroborated by Funary 

et al,105 who described a continuous insulin infusion proto-

col by which a targeted BG of ,150 mg/dL was associated 

with a significantly decreased risk for deep sternal wound 

infections. Furthermore, hyperglycemia and poor intraop-

erative glycemic control were associated with poor hospital 

outcomes, including increased infectious complications, in 

diabetic cardiac surgery patients.96 These findings have also 

been extended to other diabetic patient populations, including 

general surgery, gynecologic surgery, surgical oncology, 

and orthopedic surgery.94 King et al106 described, in a large 
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study from the Veterans Health Administration nationwide 

database, that mean serum glucose concentrations $150 

mg/dL during the first postoperative day were associated 

with increased postoperative infections in diabetic patients 

undergoing noncardiac surgery. In addition, Frisch et al,94 in a 

similar population of noncardiac surgery patients, noted that 

infectious complications were more common in patients with 

diabetes. Other surgical subspecialties have also confirmed 

that diabetic status imparts a significant risk for postopera-

tive infection. Multiple studies in orthopedic surgery have 

identified that diabetes is associated with a significantly 

increased risk for postoperative wound infections in patients 

with DM. Marchant et al107 and Olsen et al108 identified that 

patients with diabetes were at a greater of risk of postopera-

tive wound complications following joint arthroplasty and 

spinal operations, respectively. Similarly, Wukich et al109 

recently described, from a prospective cohort of patients 

following foot and ankle surgery, that uncontrolled DM and 

peripheral neuropathy were associated with infectious wound 

complications.

Even though the association of hyperglycemia and 

infectious complications in diabetic patients has been well 

described throughout the surgical literature, perhaps of even 

greater interest is the impact of hyperglycemia and postop-

erative morbidity in patients without a history of DM. As 

previously discussed, Latham et al95 noted that hyperglycemia 

was a risk factor for deep sternal wound infections in both 

diabetic and nondiabetic cardiac surgery patients. The stress 

response following surgical and anesthetic-related stimuli are 

known to increase the production of catecholamines, growth 

hormones, and cortisol, in addition to upregulating inflamma-

tory cytokines.110,111 These mechanisms result in alterations 

in glucose metabolism, such as increased gluconeogenesis, 

glycogenolysis, and insulin resistance, all of which contribute 

to a state of hyperglycemia. Further investigation by Ramos 

et al98 noted that postoperative glucose was a risk factor for 

infectious complications in patients undergoing general and 

vascular surgery. This risk increased incrementally for BG 

values $110 mg/dL and was independent of a history of 

DM. Similarly, Ata et al112 reported that the likelihood of 

postoperative SSI increased progressively for patients with 

elevated BG values. Multivariable logistic regression model-

ing, adjusting for potential confounding variables, identified 

that elevated postoperative glucose values remained the 

single most important predictor of SSI, and this remained 

independent of a previous history of diabetes. Park et al99 

also identified that while a history of DM was not associated 

with postoperative SSI, severe intraoperative hyperglycemia 

(BG $200 mg/dL) was a significant independent risk 

factor in patients who underwent liver transplantation. Two 

investigations in orthopedic trauma patients documented an 

increased risk of 30-day SSI in hyperglycemic patients who 

were without a history of DM.3,4 The risk of infection in 

patients with hyperglycemia was even greater than the risk 

of infection from an open fracture.3 Furthermore, trends in 

BG and acute glucose elevation may be useful tools in pre-

dicting infection in critically injured trauma patients.6 Most 

recently, Kiran et al100 demonstrated that a single elevated 

BG value within 72 hours after surgery was associated with 

postoperative infectious complications in colorectal surgery 

patients. Considering these findings, it is widely believed that 

the impact of hyperglycemia on infectious complications is 

exceedingly greater in nondiabetic surgical patients. While 

the precise etiology is not elucidated, the pathophysiologic 

mechanisms of acute glucose elevation following surgical 

stress may be magnified in patients who are otherwise unac-

customed to the effects of hyperglycemia.

Despite the widespread interest and clinical data sup-

porting the detrimental effects of hyperglycemia in surgi-

cal patients, there exists significant discussion regarding 

the optimal management of elevated BG in these patients. 

The landmark study by van den Berghe et al1 established the 

role of tight glycemic control in a population of critically ill 

surgical patients and demonstrated a reduction in infectious 

complications; however, these results have been difficult to 

corroborate in similar patient populations.79 While the precise 

level of glucose control remains the subject of considerable 

debate, there is sufficient data to support that persistent 

hyperglycemia negatively affects clinical outcomes.  Perhaps 

one of the most frequently investigated populations is that 

of critically injured trauma patients, where admission hyper-

glycemia,58,113–115 acute fluctuations in glucose levels,6 and 

persistent hyperglycemia7 have been correlated with adverse 

outcomes. Recent studies have suggested that insulin therapy 

is associated with a reduction in infectious complications 

in this critically injured trauma population.59 In addition, 

a prospective, randomized study in diabetic noncardiac 

surgery patients revealed that basal bolus insulin therapy 

was superior to sliding scale insulin and reduced infectious 

complications and mortality.111 To date, however, there are no 

randomized studies evaluating hyperglycemia management 

and the level of BG control in nondiabetic surgical patients. 

While the impact of hyperglycemia on infectious complica-

tions has generated considerable attention throughout the 

last two decades, further multicenter, randomized studies 

are necessary in order to validate previous investigations and 
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establish a potential role for optimal glycemic management 

as a method to reduce postoperative infectious complications 

in surgical patients. The risks of hyperglycemia must also 

be balanced against the counterweight of hypoglycemia-

induced neurologic morbidity that is especially important 

in the critically ill.

Risks of hypoglycemia
Hypoglycemia is a known risk factor for mortality in hos-

pitalized patients.116,117 The documented incidence of severe 

hypoglycemia (BG ,40 mg/dL) associated with IIT varies 

from 0.34%–18.7% depending on the patient population 

and targeted BG values.1,79,84,118–121 In the van den Berghe 

et al study,1 39 out of 765 patients in the intensive-treatment 

group experienced severe hypoglycemia compared to only 

six out of 783 patients in the conventional treatment group. 

The NICE-SUGAR trial79 demonstrated an increased risk of 

death (conventional control, 24.9% versus intensive control, 

27.5%; P=0.02) along with an increased incidence of severe 

hypoglycemia with IIT. Two hundred and six patients of 3016 

(6.8%) in the intensive control group experienced severe 

hypoglycemia while only 15 (0.5%) in the conventional con-

trol group were severely hypoglycemic (P,0.001).79 Studies 

examining critically ill trauma and/or surgical patients have 

shown the incidence of severe hypoglycemia to be as low 

as 0.6% with no increase in mortality.71,122 The variability in 

the incidence of hypoglycemia and mortality reported in the 

literature indicates that factors other than IIT play a role in 

the risk of hypoglycemia.

Several studies have indicated that BG variability is a 

significant risk factor for mortality and the development of 

hypoglycemia in the critically ill population.70,82,123–125 When 

looking at surgical ICU patients, Kauffman et al70 found 

a patient’s BG variability increased in the 24 hours that 

preceded his or her hypoglycemic event. In another study 

examining critically ill surgical patients receiving IIT, ICU 

survivors and nonsurvivors had similar mean BG values over 

time, but the nonsurvivors had significantly more BG vari-

ability (P,0.001). Increased BG variability was associated 

with an increased risk of death.123 This finding was confirmed 

in a 2012 study where the risk of mortality increased with 

increased BG variability (adjusted relative risk: 1.61; 95% CI: 

1.47–1.78).125 This demonstrates the importance of minimiz-

ing BG variability while on IIT.

One factor that may prevent hypoglycemia during IIT is 

a consistent nutrition source. A study comparing enteral and 

parenteral nutrition to carbohydrate-only nutrition in patients 

receiving IIT found that a balanced nutrition source with 

enteral or parenteral nutrition was the strongest protective 

factor against the occurrence of hypoglycemia.69 Another 

study looking at risk factors for severe hypoglycemia showed 

that 56.8% of patients who developed severe hypoglycemia 

were not receiving any nutritional therapy. However, the 

lack of nutrition source was not shown to be a significant 

risk factor for severe hypoglycemia in a multivariate logistic 

regression analysis.118

Critically ill surgical patients often require life-

sustaining measures, such as mechanical ventilation and 

renal replacement therapy, during their ICU admission. 

Both of these interventions have been associated with 

severe hypoglycemia. In a mixed medical and surgical ICU 

population, the use of bicarbonate-based substitution fluid 

during continuous venovenous hemofiltration was found to 

be associated with severe hypoglycemia (OR: 14; 95% CI: 

1.8–106).119 A study by Krinsley and Grover118 demonstrated 

that the presence of renal insufficiency (OR: 1.10; 95% CI: 

0.68–1.77) and mechanical ventilation (OR: 2.11; 95% CI: 

1.28–3.48) were both independent predictors for the devel-

opment of severe hypoglycemia along with IIT (OR: 1.59; 

95% CI: 1.05–2.41). They also revealed that even a single 

episode of severe hypoglycemia was independently associ-

ated with an increased risk of mortality.

Comorbidities and predisposing patient characteristics 

have also been indicated as risk factors for hypoglycemic 

events. A previous diagnosis of diabetes (OR: 4.41; 95% CI: 

2.28–8.50) and female sex (OR: 2.04; 95% CI: 1.02–4.07) 

were shown to be risk factors for severe hypoglycemia in 

medical–surgical ICU patients.120 Vriesendorp et al119 exam-

ined medical–surgical patients and also found diabetes to be 

a risk factor for hypoglycemia (OR: 2.6; 95% CI: 1.5–4.7). 

Patients who develop septic shock, require vasopressor sup-

port, or have a high severity of illness while on IIT have dem-

onstrated an increased risk of severe hypoglycemia.118,119

In contrast to the previously mentioned studies, a study by 

Mowery et al71 examining only surgical ICU patients found 

that patient demographic factors were not associated with 

severe hypoglycemia. Instead, the duration of time on the 

intensive insulin protocol was associated with severe hypo-

glycemia (OR: 1.02; 95% CI: 1.07–1.15).71 This highlights 

the differences seen in the medical and surgical populations 

and the need to examine these populations separately in 

studies.

An additional factor to consider separately involves 

the critical care management of severe derangements in 

 physiology associated with poorly controlled type 1 and 

2 diabetes. These derangements, in the form of diabetic 
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ketoacidosis and hyperglycemic hyperosmolar state, are not 

only associated with significant mortality, but they are also 

associated with significant complications, including hypogly-

cemia, in the face of incorrect management.74,75

Using computer-assisted glycemic 
control protocols to minimize 
hyperglycemia and hypoglycemia
Titrating insulin is a complicated process. In particular, there 

are numerous variables that need to be kept in mind. These 

include the previous BG measurement, the insulin infusion 

rate, the insulin sensitivity of the patient, the amount of nutri-

tion provided, and any previous episodes of hypoglycemia. 

The BG and insulin infusion rate need to be monitored on an 

hourly basis in many cases. In addition, the risks of inducing 

a hypoglycemic event can be grave. The combination of the 

actual calculations required, in combination with charting 

required to document changes in BG level and insulin rate, 

significantly increase nursing workload. As a result, the pro-

cess of blood glucose management in the critically ill patient 

lends itself to computer analysis.

Numerous studies have been performed on alternative 

methods of computer-assisted BG control systems. The 

Glucommander system, developed by Davidson et al,126 is 

based on a linear regression model developed by White et al128 

in 1982 using a multiplier (a correlate for the patient’s insulin 

sensitivity) multiplied by the serum BG minus 60 mg/dL  

to determine the insulin dose for the next hour. Its safety 

was demonstrated over more than 120,000 hours with a rate 

of hypoglycemia, as defined as BG ,50, that was 0.6% and 

a rapid equilibration of serum BG levels (mean BG, ,150 

mg/dL, 3 hours after initiation of the protocol). The Glucom-

mander system was also studied in a multicenter random-

ized trial, showing a more rapid institution of euglycemia 

(4.8±2.8 hours versus 7.8±9.1 hours; P,0.01) and a higher 

percentage of BG values in the target range of 80–120 mg/

dL (71.0%±17.0% versus 51.3±19.7%; P,0.001). However, 

in this case, there was no change in the incidence of severe 

hypoglycemia (3.9% versus 5.6% [3.9% is the rate of severe 

hypoglycemia in the Glucommander group and 5.6% is the 

rate of severe hypoglycemia in the standard group]).128

The Vanderbilt group63 wrote one of the first studies in 

this area to focus more heavily on the efficacy of computer-

assisted control systems, comparing a computer-assisted 

protocol to the previously used manual titration protocol 

in critically ill trauma patients on an insulin infusion. 

The BG target in this study was the 80–110 mg/dL range 

specified by van den Berghe et al in 2001.1 The protocol 

uses a methodology very similar to the Glucommander. The 

computer-assisted arm demonstrated superiority in three 

key areas. Specifically, the computerized arm had 41.8% 

of BG values in the range of 80–110 mg/dL, as opposed to 

34.0% in the manual titration protocol (P,0.001). Even with 

the less stringent controls recommended by the Society of 

Critical Care medicine (BG #150 mg/dL), the computerized 

protocol was superior, with only 12.8% of BG measurements 

.150 mg/dL as opposed to 15.1% in the manual titration 

arm. Finally, the computerized arm had a significantly lower 

incidence of severe hypoglycemia (BG ,40 mg/dL; 0.2% 

versus 0.5%; P,0.001).63 An additional side benefit of the 

computerized system was more rapid control, with patients 

who were hyperglycemic at the initiation of the protocol com-

ing in range within approximately 5 hours. The same system 

was also validated in critically ill postsurgical patients.64 The 

STAR-Liege system uses a similar approach, it but predicts 

and continuously adjusts for a range of possibilities of insu-

lin infusion rates and BG rates rather than a single value; it 

has also been studied and found to be more effective than a 

nurse-controlled protocol.129

The EndoToolTM, designed by Hospira, Inc. (Lake Forest, 

IL, USA), also uses a mathematical model to generate a BG-

management protocol that is individualized to a particular 

patient. This system is advantageous in that it also calcu-

lates the safe BG monitoring interval (the Glucommander 

and Vanderbilt systems both depend on BG checks every 

1–2 hours) and automatically interfaces with the electronic 

medical record via a dedicated Citrix server, thus decreasing 

nursing workload.130 Like the other studies, the study uses a 

historical control and demonstrates a dramatic decrease in the 

rate of severe hypoglycemia (BG ,40) from 1% to a range 

from 0%–0.12%, depending on the ICU involved, which 

was both statistically and clinically significant (P,0.0001). 

Fogel et al130 also found a temporally associated decrease 

in health care-acquired infections (ventilator-associated 

pneumonia, catheter-associated urinary tract infections, and 

central line-associated blood stream infections). 

The LOGIC-I software program, designed at the Leuven 

Hospital in the Netherlands that also conducted the van den 

Berghe study in 2001, incorporates an additional number 

of patient variables into its model (reason for ICU admis-

sion, the presence of diabetes, body mass index, severity of 

illness, and nutrition) that are included less completely in 

other models.132 Like the EndoTool, the LOGIC-I software 

is able to extend the BG testing interval in patients with 

more stable BG and does not rely on hourly measurements. 

When compared to a nurse-controlled protocol, the LOGIC-I 
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software delivered more time in the target range of 80–110 

mg/dL (68.6%±16.7% versus 60.1%±18.8%). Although 

the number of severe hypoglycemia events was reduced in 

the LOGIC-I arm (0% versus 0.13%; P=0.015), the rate of 

hypoglycemia per patient was not statistically different (0% 

versus 3.3%; P=0.06).132

With the documented effectiveness of these computerized 

systems in the literature, it is worth considering why they 

are not employed universally. Campion et al132 noted that 

the primary barriers to implementation included concerns 

about nursing workload, difficulties with the user interface, 

inadequate built-in reminders in the interface, and concern for 

errors. The last concern, particularly as it relates to hypoglyce-

mia, is paramount, and is probably the most likely reason why 

nurses override the recommendations of a  computer-assisted 

BG protocol. Of 9,075 nurse overrides among 179,452 recom-

mended doses, 83.4% of overrides reduced the insulin dose 

suggested by the protocol, and in 45.5% the override dose was 

less than half of the recommended dose.133 Although these 

overrides may have prevented hypoglycemic events, they 

tended to keep patients above the recommended BG range.

Increased computerization of ICUs may result in 

increased utilization of computer-assisted BG control sys-

tems. As they are more frequently used, there is no doubt 

that nursing staff will gain more familiarity with their use 

and override their recommendation less often. Furthermore, 

they will likely become more integrated with the medical 

record, more transparent, and more efficient, contributing 

less to nursing workload and likely proving more beneficial 

for patient care.

Summary
The era of true “tight” glycemic control in surgical patients, 

with the aggressive maintenance of a serum BG level between 

80–110 mg/dL, is likely over. Recent recommendations from 

Jacobi et al suggest a less aggressive course with serum 

BG ,150 mg/dL.85 Avoidance of hypoglycemia through a 

combination of protocol modification and early and aggres-

sive enteral nutrition has become a preferred goal due to the 

increased mortality and numerous harms associated with 

hypoglycemia.

On the other hand, although the mortality benefits that 

were once associated with strict glycemic control have not 

been duplicated in large randomized clinical trials since the 

original van den Berghe publication,1 there is a significant and 

growing body of evidence that uncontrolled hyperglycemia 

poses an unacceptable risk of infection in the postsurgical 

population. Therefore, although the 80–110 mg/dL goal may 

be too aggressive, allowing consistent serum BG levels above 

150 mg/dL is likely also detrimental. The role of presurgical 

DM is yet to be conclusively determined. Although poorly 

controlled DM is clearly a risk factor for poor outcomes after 

surgery, it may not be clearly related with acute hyperglyce-

mia due to stress and critical illness.

Numerous advances in the field have centered on manage-

ment of the enormous amounts of data generated by hourly 

BG management, with multiple protocols available to provide 

computerized assistance to the bedside provider. These proto-

cols, however, do not always provide sufficient or completely 

correct guidance in the setting of specialized cases such as 

diabetic ketoacidosis and hyperglycemic hyperosmolar state; 

in particular, these conditions cannot be corrected too rapidly 

due to fear of neurologic complications. These cases aside, 

there is clearly a role for computer assistance and protocol-

based management to ensure appropriate management of 

hyperglycemia while simultaneously minimizing the risk of 

hypoglycemia in the critically ill postsurgical patient.
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