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INTRODUCTION
Stress hyperglycemia is common in critically ill and injured patients and is a component of the “fight or flight”
response. Excessive counter regulatory hormones, such
as glucagon, growth hormone, catecholamines, and glucocorticoids, as well as cytokines, such as interleukin-1 (IL-1),
IL-6 and tumor necrosis factor-α (TNF-α), result in increased gluconeogenesis and insulin resistance, which are
the major factors leading to stress hyperglycemia. Until recently, stress hyperglycemia was considered to be a beneficial adaptive response, with raised blood glucose providing
a ready source of fuel for the brain, skeletal muscle, heart
and other vital organs at a time of increased metabolic
demand. However, retrospective studies in patients undergoing cardiac surgery have suggested that peri-operative
hyperglycemia was associated with an increased risk of
post-operative infections and increased mortality[1-3]. Furthermore, these studies suggested that control of blood
glucose reduced these complications. Hyperglycemia increases oxidative injury, potentiates the pro-inflammatory
response, promotes clotting, causes abnormal vascular
reactivity and impairs leukocyte and mononuclear cell immune responsiveness[4,5].
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CARE UNIT (ICU)
In 2001, van den Berghe and coworkers published a
“landmark study” (the Leuven Intensive Insulin Therapy
Trial) in which they demonstrated that tight glycemic
control (blood glucose between 80-110 mg/dL) using
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intensive insulin therapy improved the outcome of critically ill surgical patients[6]. Following this study, tight
glycemic control was rapidly adopted as the standard of
care in ICUs throughout the world and was endorsed
by the Institute for Health Care Improvement and other
national organizations in the USA and abroad. In 2006,
van den Berghe and colleagues repeated the study design
in medical ICU patients[7]. Although failing to reproduce
improvement in survival in the entire set of patients,
this study demonstrated a reduction in morbidity in the
patients randomized to the tight glycemic group with a
reduction in mortality in the subset of patients with an
ICU stay of three days or more. Following this study,
two multicenter, randomized European studies were
prematurely discontinued due to an alarmingly high rate
of hypoglycemia in the “tight glycemic control” arm
with no mortality benefit[8,9]. Two additional single center, randomized studies showed a trend towards a higher
mortality in the in the “tight glycemic control” arm[10,11].
Recently, a large (6022 patients) multicenter, randomized
controlled study (the NICE-SUGAR study[12]), was published that was unable to confirm the findings of van
den Berghe et al[6,7]. Indeed, this study demonstrated a
2.6% absolute increase in 90-d mortality in patients randomized to tight glucose control (P = 0.02). Summary
data of these five studies (excluding the van den Berghe et al[6,7] studies) demonstrated that intensive insulin
therapy is associated with an increased risk of death with
mortality being significantly lower in the control group
(OR 0.89; 95% CI 0.81-0.99, P = 0.04).
The explanation for the disparate findings between
the van den Berghe et al[6,7] studies and subsequent studies probably lies with the high rate of use of parenteral
nutrition (TPN) in the van den Berghe et al[6,7] studies. In
both van den Berghe et al[6,7] studies, 87% of the calories
were provided via the intravenous route[13]. TPN is associated with severe hyperglycemia. It would therefore
appear counter intuitive to administer large amount of
intravenous glucose to patients with stress hyperglycemia;
this will only compound the degree of hyperglycemia.
Van der Voort and colleagues have demonstrated that the
ICU and hospital mortality of critically ill patients was
independently related to the mean amount of infused
glucose[14]. In a retrospective analysis of 111 hospitalized
patients receiving TPN, Cheung and coworkers reported
that hyperglycemia was independently associated with an
increased risk of cardiac complications, sepsis, acute renal
failure and death[15]. In this study, the mortality of subjects
with blood glucose in the highest quartile was 10.9 times
that of subjects in the lowest quartile. These data suggest
that TPN may have increased mortality in the control arm
of the van den Berghe et al[13] studies; and this may have
accounted for the apparent benefit from tight glycemic
control in those treated with insulin to achieve a blood
glucose of between 80-110 mg/dL. Indeed, a mortality
of 8% (control arm) in predominantly elective cardiac
surgery patients (with a median APACHE Ⅱ score of 9),
appears rather high.
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Tight glycemic control in ICU patients is not benign
and this may account for the higher mortality in the intensive insulin group in the NICE-SUGAR study. The
“harm” of tight glycemic control may be due to the high
rate of both absolute (blood glucose < 40 mg/dL) and
relative hypoglycemia (blood glucose 40-80 mg/dL) in
these patients[7]. Glucose is the sole source of energy for
the brain with demand increasing during stress. Using
cerebral microdialysis in patients following severe brain
injury, Oddo and colleagues demonstrated that tight glycemic control is associated with a greater risk of brain
energy crisis and death[16]. It would therefore appear that
in critically ill patients, hyperglycemia (especially that
induced by TPN) is not desired, but that “low” blood
glucose is even less desired.
The results of the NICE-SUGAR study, as well as the
additional four randomized controlled studies that have
attempted to replicate the van den Berghe et al[6,7] studies, clearly demonstrate that tight glycemic control (70110 mg/dL) has a limited role in the management of
general ICU patients. However, the role of tight glycemic
control in patients undergoing cardiac surgery remains
unclear. In these patients, it is likely that both pre- and
post-operative optimization of blood glucose may improve outcome, however, the optimal blood glucose
target is unknown (probably between 100-140 mg/dL).
In all other ICU patients, it appears reasonable to maintain
the blood glucose concentration between 140-200 mg/dL.
The optimal method for achieving this goal is unclear,
however, a number of options are available. In the control arm of the NICE-SUGAR study, an insulin infusion
was administered if the blood glucose level exceeded
180 mg/dL, insulin administration was subsequently reduced and then discontinued if the blood glucose level
dropped below 144 mg/dL. In our practice, we avoid
parenteral nutrition as there is no data suggesting this
mode of nutritional support has any advantages over
enteral nutrition[17,18]. Furthermore, we use an enteral
formula with a high concentration of lipids (omega-3
fatty acids) and we avoided overfeeding[19]. Mesejo and
colleagues demonstrated that ICU patients fed a “diabetic” tube feed had better glucose control than those
fed a standard enteral formula[20]. In those patients whose
blood glucose remained greater than 180 mg/dL, we
used a twice daily regimen of intermediate acting insulin
together with insulin amounts on a sliding scale to keep
the blood glucose less than 180 mg/dL. We limited the
NPH-intermediate insulin to a maximum of 20 units in
12 h. If this approach did not adequately control blood
glucose (< 200 mg/dL), we then switched to an insulin
infusion. Although the use of sliding scales for insulin
administration in hospitalized patients (who are eating)
is considered a“relic from the past” (and reactive rather
than proactive) this approach does have some utility in
ICU patients who are receiving continuous tube feeds[21].
Further, although the absorption of subcutaneous insulin
may be impaired in the critically ill, absorption may be
adequate for the control of blood glucose.

4

November 30, 2009|Volume 1|Number 1|

Marik PE. Glycemic control post NICE-SUGAR

REFERENCES
1
2
3

4
5
6

7

8

9

10

11

Furnary AP, Wu Y. Clinical effects of hyperglycemia in the
cardiac surgery population: the Portland Diabetic Project.
Endocr Pract 2006; 12 Suppl 3: 22-26
Furnary AP, Wu Y. Eliminating the diabetic disadvantage:
the Portland Diabetic Project. Semin Thorac Cardiovasc Surg
2006; 18: 302-308
Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V,
Starr A. Glucose control lowers the risk of wound infection
in diabetics after open heart operations. Ann Thorac Surg
1997; 63: 356-361
McCowen KC, Malhotra A, Bistrian BR. Stress-induced
hyperglycemia. Crit Care Clin 2001; 17: 107-124
Marik PE, Raghavan M. Stress-hyperglycemia, insulin and
immunomodulation in sepsis. Intensive Care Med 2004; 30:
748-756
van den Berghe G, Wouters P, Weekers F, Verwaest C,
Bruyninckx F, Schetz M, Vlasselaers D, Ferdinande P,
Lauwers P, Bouillon R. Intensive insulin therapy in the
critically ill patients. N Engl J Med 2001; 345: 1359-1367
van den Berghe G, Wilmer A, Hermans G, Meersseman
W, Wouters PJ, Milants I, Van Wijngaerden E, Bobbaers H,
Bouillon R. Intensive insulin therapy in the medical ICU. N
Engl J Med 2006; 354: 449-461
Devos P, Preiser JC, Melot C. Impact of tight glucose control
by intensive insulin therapy on ICU mortality and the rate
of hypoglycaemmia: final results of the Glucontrol study
[European society of Intensive Care Medicine 20th Annual
Congress abstract 0735]. Intensive Care Med 2007; 33 Suppl 2:
S189
Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A,
Ragaller M, Weiler N, Moerer O, Gruendling M, Oppert
M, Grond S, Olthoff D, Jaschinski U, John S, Rossaint R,
Welte T, Schaefer M, Kern P, Kuhnt E, Kiehntopf M, Hartog
C, Natanson C, Loeffler M, Reinhart K. Intensive insulin
therapy and pentastarch resuscitation in severe sepsis. N
Engl J Med 2008; 358: 125-139
De La Rosa Gdel C, Donado JH, Restrepo AH, Quintero
AM, González LG, Saldarriaga NE, Bedoya M, Toro JM,
Velásquez JB, Valencia JC, Arango CM, Aleman PH, Vasquez
EM, Chavarriaga JC, Yepes A, Pulido W, Cadavid CA. Strict
glycaemic control in patients hospitalised in a mixed medical
and surgical intensive care unit: a randomised clinical trial.
Crit Care 2008; 12: R120
Arabi YM, Dabbagh OC, Tamim HM, Al-Shimemeri AA,

12

13

14

15

16

17
18

19
20

21

Memish ZA, Haddad SH, Syed SJ, Giridhar HR, Rishu AH,
Al-Daker MO, Kahoul SH, Britts RJ, Sakkijha MH. Intensive
versus conventional insulin therapy: a randomized controlled
trial in medical and surgical critically ill patients. Crit Care
Med 2008; 36: 3190-3197
Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V,
Bellomo R, Cook D, Dodek P, Henderson WR, Hébert PC,
Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell
I, Myburgh JA, Norton R, Potter J, Robinson BG, Ronco JJ.
Intensive versus conventional glucose control in critically ill
patients. N Engl J Med 2009; 360: 1283-1297
van den Berghe G, Wilmer A, Milants I, Wouters PJ,
Bouckaert B, Bruyninckx F, Bouillon R, Schetz M. Intensive
insulin therapy in mixed medical/surgical intensive care
units: benefit versus harm. Diabetes 2006; 55: 3151-3159
der Voort PH, Feenstra RA, Bakker AJ, Heide L, Boerma EC,
van der Horst IC. Intravenous glucose intake independently
related to intensive care unit and hospital mortality: an
argument for glucose toxicity in critically ill patients. Clin
Endocrinol (Oxf) 2006; 64: 141-145
Cheung NW, Napier B, Zaccaria C, Fletcher JP. Hyper
glycemia is associated with adverse outcomes in patients
receiving total parenteral nutrition. Diabetes Care 2005; 28:
2367-2371
Oddo M, Schmidt JM, Carrera E, Badjatia N, Connolly ES,
Presciutti M, Ostapkovich ND, Levine JM, Le Roux P, Mayer
SA. Impact of tight glycemic control on cerebral glucose
metabolism after severe brain injury: a microdialysis study.
Crit Care Med 2008; 36: 3233-3238
Marik PE, Pinsky M. Death by parenteral nutrition. Intensive
Care Med 2003; 29: 867-869
Elke G, Schädler D, Engel C, Bogatsch H, Frerichs I, Ragaller
M, Scholz J, Brunkhorst FM, Löffler M, Reinhart K, Weiler N.
Current practice in nutritional support and its association with
mortality in septic patients--results from a national, prospective,
multicenter study. Crit Care Med 2008; 36: 1762-1767
Marik PE, Zaloga GP. Immunonutrition in critically ill
patients: a systematic review and analysis of the literature.
Intensive Care Med 2008; 34: 1980-1990
Mesejo A, Acosta JA, Ortega C, Vila J, Fernández M, Ferreres
J, Sanchis JC, López F. Comparison of a high-protein diseasespecific enteral formula with a high-protein enteral formula
in hyperglycemic critically ill patients. Clin Nutr 2003; 22:
295-305
Umpierrez GE, Palacio A, Smiley D. Sliding scale insulin
use: myth or insanity? Am J Med 2007; 120: 563-567
S- Editor Li LF L- Editor Lutze M E- Editor Lin YP

百世登

Baishideng

TM©

WJGS|www.wjgnet.com

5

November 30, 2009|Volume 1|Number 1|

