78

EACTA 2012 | Abstracts | Invited speakers

Perioperative insulin resistance and outcome
Thomas Schricker
Department of Anesthesia, McGill University, Department of Anaesthesia, Royal Victoria
Hospital, Montreal, Canada

Terminology

Assessment

Insulin is the chief anabolic hormone in the
human body. It is most recognized for its role
in regulating glucose homeostasis by facilitating glucose disposal and suppressing endogenous glucose production. Insulin also
plays a pivotal role in promoting fat storage
and protein synthesis, and inhibiting lipolysis
and protein breakdown. It is less known that
insulin exerts non-metabolic effects including
vasodilatory, anti-inflammatory, anti-oxidative, anti-fibrinolytic, and positive inotropic
effects with potential clinical impact (1,2).
Insulin resistance can be defined as any condition, whereby a normal concentration of insulin produces a subnormal biological response. This umbrella term may comprise
states of insulin insensitivity, insulin unresponsiveness, or a combination of both. Although the terms insulin sensitivity and insulin responsiveness are often used interchangeably, their difference stems from the
classic sigmoidal dose-response curve of insulin action (3). Insulin sensitivity is characterized by the insulin concentration required to
achieve a half-maximal biological response,
whereas insulin responsiveness is defined by
the maximal effect attained. Impaired insulin
sensitivity is, therefore, represented by a
rightward shift in the insulin-dose response
curve, and decreased responsiveness corresponds to a height reduction of the curve.
Proper use of these terms is important because they reflect different defects in insulin
action: insulin insensitivity appears to be
more implicated in alterations at the pre-receptor and receptor level, whereas decreased responsiveness is related to post-receptor defects (3).

The gold standard for the direct assessment
of insulin resistance in humans is the hyperinsulinaemic-normoglycaemic clamp technique, whereby insulin is infused at a constant rate to obtain a steady state insulin concentration above the fasting level (4). Based
on frequent measurements of plasma glucose levels, glucose is intravenously infused
at variable rates to maintain normoglycaemia
(4-6 mmol.L-1). Given that endogenous glucose production is completely suppressed,
the glucose infusion rate (under steady state
conditions) is reflective of glucose disposal,
and is, therefore, an indicator of peripheral insulin resistance: the greater the glucose infusion rate the more sensitive the body is to insulin and vice versa.

Perioperative insulin
resistance
Pathophysiology
Insulin resistance is a central feature of the
endocrine response to surgical tissue trauma
triggering metabolic changes known as the
catabolic response to surgery.
Much of this metabolic-endocrine derangement can be explained by the increased secretion of pituitary hormones and activation
of the sympathetic nervous system, resulting
in elevated plasma levels of cortisol,
glucagon, growth hormone, and catecholamines. These so-called counter-regulatory hormones impair tissue insulin sensitivity, either directly or indirectly, by inhibiting
insulin secretion and/or counteracting its peripheral action (5). Furthermore, some evi-
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dence demonstrates a relationship between
the time course of peri-operative interleukin
6 plasma concentrations and insulin resistance suggesting that inflammatory mediators
(cytokines) may also be involved (6).
Although some data indicate reduced glucose uptake in adipose tissue after surgery
(7) it is reasonable to assume that the main
site for surgery-induced insulin resistance is
skeletal muscle, because this is the quantitatively most important organ for insulin-mediated glucose uptake (8).
The magnitude of whole body insulin resistance, which is most pronounced on the day
after surgery (up to 70% reduction) and lasts
for about three weeks after uncomplicated
elective abdominal operations, has been primarily linked to the invasiveness of surgery
(9,10).
At present it is not clear if and to what extent
other factors contribute including
• duration of trauma (11)
• bed rest and immobilization (12)
• type of anaesthesia and analgesia (13,14)
• nutrition and preoperative fasting (15,16)
• blood loss (9)
• physical status and post-surgery rehabilitaton (17)

Outcome
Studies performed over a 6-year period in
Sweden (1990-1996, n=60) demonstrate a
significant correlation between the degree of
the patient’s insulin sensitivity on the first
postoperative day and length of hospital stay
(r=0.53, P=0.0001) (9). We recently were
able to show a significant association between the magnitude of insulin resistance
during cardiac surgery and outcome (18). Independent of the patient’s diabetic state, for
every decrease in intra-operative insulin sensitivity by 20% the risk of a serious complication including all-cause mortality, myocardial
failure requiring mechanical support, stroke,
need for dialysis and serious infection (severe
sepsis, pneumonia requiring mechanical ventilation, deep sternal wound infection) more
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than doubled after open heart surgery (18).
These findings lent support to the previously
held contention that, peri-operatively, alterations in glucose homeostasis are better predictors of adverse events than the presence
of diagnosed or suspected diabetes mellitus
itself.
The outcome relevance of insulin resistance
may also be reflected by the clinical problems associated with its metabolic sequelae,
i.e. the catabolic changes in glucose and protein metabolism also known as “diabetes of
the injury”.
Glucose catabolism after surgery is characterized by an increased rate of hepatic glucose
production and impaired glucose utilization
resulting in hyperglycaemia (19). In non-diabetic patients undergoing major abdominal
procedures we typically observe blood glucose (BG) values >7 mmol.L-1. The worst glycaemia we see during cardiac surgery with
levels frequently exceeding the renal threshold of glucose excretion at 10mmol.L-1 (19).
Evidence is mounting that hyperglycemia is a
predictor of mortality, and that even moderate increases in BG worsen outcome (20,21).
Patients with fasting BG levels >7 mmol.L-1 or
random BG levels >11.1 mmol.L-1 on general
surgical wards showed an 18-fold increased
in-hospital mortality, a longer hospital stay
and a greater risk of infection (22).
Protein catabolism is characterized by a net
loss of functional and structural body protein.
Metabolically healthy patients loose between
40 and 80 g of nitrogen after elective abdominal operations, equivalent to 1.2-2.4 Kg wet
skeletal muscle (23). In agreement with findings in diabetic subjects reporting a negative
correlation between the degree of insulin resistance and whole-body protein balance, we
have shown that protein losses after abdominal surgery are 50% greater in insulin resistant than in normal patients (24). More recent
studies indicate a linear relationship between
insulin sensitivity and protein balance in parenterally fed patients undergoing open heart
surgery (25). Erosion of lean tissue delays
wound healing, compromises immune function and diminishes muscle strength. The en-
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suing muscle weakness prolongs mechanical
ventilation, inhibits coughing, and impedes
mobilization, thereby complicating convalescence and causing morbidity (26,27).

Treatment
The therapeutic administration of insulin is an
obvious choice to overcome peri-operative
insulin resistance and to improve outcome.
Provided insulin is given in sufficient
amounts, insulin resistance can be normalized in surgical patients (28). Normoglycaemia and whole body protein stores could
be preserved by insulin therapy suggesting
that insulin sensitivity rather than insulin responsiveness is reduced during and after surgery. Surprisingly to date most studies investigating the impact of insulin therapy on clinical outcomes were not able to normalize insulin sensitivity, and establish normoglycaemia (29-31). Only the Leuven trial demonstrating a large survival benefit for mostly
non-diabetic, surgical critical care patients
randomized to intensive insulin therapy, was
able to strictly maintain a normal BG level
(4.4-6.1 mmol.L-1) throughout the study period (32).
Elective surgery is routinely performed after
overnight fasting to minimize the risk of aspiration when general anaesthesia is induced.
Fasting periods before abdominal surgery
sometimes amount to up to 40 hours because obligatory bowel preparation on the
preoperative day impedes oral food intake.
Animal studies show that coping with stress
is much improved if animals enter the trauma
fed rather than fasting emphasizing the fact
that the avoidance of fasting before surgery
could make patients also less vulnerable to
complications (33). Overnight treatment with
intravenous glucose has been shown to prevent the decrease in muscle insulin sensitivity (15,16), and the early protein loss after
gastrointestinal surgery prompting better voluntary muscle function (34). While studies
conducted in relatively small patient populations suggested better outcomes with preop-
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erative nutrition (35,36), the results of a larger RCT failed to show any clinical benefit
(37).
Ample evidence has accumulated to identify
the peripheral and central nervous system as
a common pathway triggering the catabolic
responses to tissue trauma. Blockade of
these pathways by epidural local anaesthetics
prevents the increase in circulating counterregulatory hormones, thereby improving insulin sensitivity and limiting catabolism, i.e.
protein loss and hyperglycaemia (14,38).
These physiological effects of epidural anaesthesia may serve as a rationale for improved
respiratory and cardiovascular outcomes after general, urological and vascular procedures as reported by meta-analyses and randomized controlled trials (39,40). Other studies, however, failed to show such benefits, especially when performed in the context of
fast track or enhanced recovery after surgery
programmes (41).

Predicting insulin resistance
and outcome
Plasma glycosylated hemoglobin A (HbA1c) is
an indicator of BG control during the previous three to four months. While HbA1c values
have been widely investigated as an index of
long-term BG control and outcome predictors in diabetic patients, its predictive value in
surgical patients has received little attention.
Observations made in 273 diabetic and nondiabetic patients undergoing open heart surgery demonstrate a significant correlation between the quality of preoperative glycaemic
control as reflected by HbA1c levels and insulin sensitivity during cardiac surgery
(r=0.527, P<0.001) (18). In addition, diabetic
patients with a HbA1c >6.5% had a greater incidence of major complications (P=0.010),
and minor infections (P=0.006). They received more blood products, and spent more
time in the ICU (P=0.030) and the hospital
(P<0.001) than metabolically normal patients
(18). These findings are in agreement with
the results of other observational studies indi-
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cating worse outcomes after cardiac, abdominal and vascular procedures in the presence
of increased HbA1c values (42-44).
If it holds true that poor peroperative glycaemic control adversely affects outcome of
diabetic patients, it remains to be studied
whether the timely improvement of glycaemic control before surgery by dietary and
pharmacological interventions or exercise reduces complications as seen in the medical
patient population (45).

References
1. Yki-Jarvinen H, Utriainen T. Insulin-induced vasodilatation: physiology or pharmacology? Diabetologia 1998; 41: 369-379
2. Albacker T, Carvalho G, Schricker T,
Lachapelle K. High-dose insulin therapy attenuates systemic inflammatory response in coronary artery bypass grafting patients. Annals of
Thoracic Surgery 2008; 86: 20-27
3. Kahn CR. Insulin resistance, insulin insensitivity, and insulin unresponsiveness: a necessary
distinction. Metabolism: Clinical and Experimental 1978; 27: 1893-1902
4. DeFronzo RA, Tobin JD, Andres R. Glucose
clamp technique: a method for quantifying insulin secretion and resistance. American Journal of Physiology 1979; 237: E214-E223
5. Weissman C. The metabolic response to
stress: an overview and update. Anesthesiology 1990; 73: 308-327
6. Thorell A, Essen P, Andersson B, Ljungqvist O.
Postoperative insulin resistance and circulating
concentrations of stresshormones and cytokines. Clinical Nutrition 1996; 15: 75-79
7. Felländer G, Nordenström J, Tjäder I, Bolinder
J, Arner P. Lipolysis during abdominal surgery.
Journal of Clinical Endocrinology and Metabolism 1994; 78: 150-155
8. DeFronzo RA, Jacot E, Jequier E, Maeder E,
Wahren J, Felber JP. The effect of insulin on the
disposal of intravenous glucose. Results from
indirect calorimetry and hepatic and femoral
venous catheterization. Diabetes 1981; 30:
1000-1007
9. Thorell A, Nygren J, Ljungqvist O. Insulin resistance: a marker of surgical stress. Current Opinion Clinical Nutrition Metabolic Care 1999; 2:
69-78
10. Thorell A, Ljungqvist O, Efendic S, Gutniak,
Häggmark T. Insulin resistance after abdominal

81
surgery. British Journal of Surgery 1995; 81:
59-63
11. Tsubo T, Kudo T, Matsuki A, Oyama T. Decreased glucose utilization during prolonged
anaesthesia and surgery. Canadian Journal of
Anaesthesia 1990; 37: 645-649
12. Nygren J, Thorell A, Effendic S, Nair KS,
Ljungqvist O. Site of insulin resistance after surgery: the contribution of hypocaloric nutrition
and bed rest. Clinical Science 1997; 93: 137146
13. Schricker T, Carli F, Schreiber M, Wachter U,
Geisser W, Lattermann R, Georgieff M. Propofol/sufentanil anesthesia suppresses the metabolic and endocrine response during, not after,
lower abdominal surgery. Anesthesia Analgesia 2000; 90: 450-455
14. Uchida I, Asoh T, Shirasaka C, Tsuji H. Effect of
epidural analgesia on postoperative insulin resistance as evaluated by insulin clamp technique. British Journal of Surgery 1988; 75: 557562
15. Nygren JO, Thorell A, Soop M, Efendic S, Brismar K, Karpe F, Nair KS, Ljungqvist O. Perioperative insulin and glucose infusion maintains
normal insulin sensitivity after surgery. American Journal of Physiology 1998; 375: E140E148
16. Wang ZG, Wang Q, Wang WJ, Quin HL. Randomized clinical trial to compare the effects of
preoperative oral carbohydrate versus placebo
on insulin resistance after colorectal surgery.
British Journal of Surgery 2010; 97: 317-327
17. Bagry HS, Raghavendran S, Carli F. Metabolic
syndrome and insulin resistance. Anesthesiology 2008; 108: 506-523
18. Sato H, Carvalho G, Sato T, Lattermann R, Matsukawa T, Schricker T. The association of preoperative glycemic control, intraoperative insulin sensitivity and outcomes after cardiac
surgery. Journal of Clinical Endocrinology and
Metabolism 2010; 95: 4338-4344
19. Schricker T, Lattermann R, Schreiber M, Geisser W, Georgieff M, Radermacher P. The hyperglycaemic response to surgery: pathophysiology, clinical implications and modification by
the anaesthetic technique. Clinical Intensive
Care 1998; 9: 118-128
20. McAlister FA, Man J, Bistritz L, Amad H, Tandon P. Diabetes and coronary artery bypass
surgery: an examination of perioperative
glycemic control and outcomes. Diabetes
Care 2003; 26: 1518-1524
21. Krinsley JS. Association between hyperglycemia and increased hospital mortality in a
heterogenous population of critically ill pa-

82
tients. Mayo Clinic Proceedings 2003; 78:
1471-1478
22. Umpierrez GE, Isaacs SD, Bazargan H, You X,
Thaler LM, Kitabchi AE. Hyperglycemia: an independent marker of in-hospital mortality in
patients with undiagnosed diabetes. Journal of
Clinical Endocrinology and Metabolism 2002;
87: 978-982
23. Schricker T, Lattermann R. Strategies to attenuate the catabolic response to surgery and improve perioperative outcomes. Canadian Journal of Anesthesia 2007; 54: 414-419
24. Schricker T, Gougeon R, Eberhart L, Wykes L,
Mazza L, Carvalho G, Carli F. Type 2 diabetes
mellitus and the catabolic response to surgery.
Anesthesiology 2005; 102: 320-326
25. Donatelli F, Corbella D, Di Nicola M, Carli F,
Lorini L, Fumagalli R, Biolo G. Preoperative insulinresistance and the impact of feeding on
postoperative protein balance. A stable isotope study. Journal of Clinical Endocrinology
and Metabolism 2011 Aug 31. [Epub ahead of
print]
26. Watters J, Clancey S, Moulton S, Briere K, Zhu
J. Impaired recovery of strength in older patients after major abdominal surgery. Annals of
Surgery 1993; 218: 380-393
27. Christensen T, Bendix T, Kehlet H. Fatigue and
cardiorespiratory function following abdominal surgery. British Journal of Surgery 1982;
69: 417-421
28. Brandi LS, Frediani M, Oleggini M, Mosca F,
Cerri M, Boni C, Pecori N, Buzzigoli G, Ferrannini E. Insulin resistance after surgery: normalization by insulin treatment. Clinical Science
1990; 79: 443-450
29. Finfer S, Chittock DR, Su SY, Blair D, Foster D,
Dhingra V. Intensive versus conventional glucose control in critically ill patients. New England Journal of Medicine 2009; 360: 12831297
30. Gandhi GY, Nuttall GA, Abel MD, Mullany CJ,
Schaff HV, O’Brien PC. Intensive intraoperative insulin therapy versus conventional glucose management during cardiac surgery: a
randomized trial. Ann Intern Med 2007; 146:
233-243
31. Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N. Intensive insulin therapy and pentastarch resuscitation in
severe sepsis. New England Journal of Medicine 2008; 58: 125-139
32. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M. Intensive insulin therapy in the critically ill patients. New

EACTA 2012 | Abstracts | Invited speakers

England Journal of Medicine 2001; 345: 13591367
33. Ljungqvist O, Boija P, Eshali A, Larsson M,
Ware J. Food deprivation alters glycogen metabolism and endocrine responses to hemorrhage. American Journal of Physiology 1990;
259: E692-E698
34. Henriksen M, Hansen HV, Dela F. Preoperative feeding might improve postoperative voluntary muscle function. Clinical Nutrition
1999; 18: 80-85
35. Hausel J, Nygren J, Thorell A, Lagerkranser M,
Ljungqvist O. Randomized clinical trial of the
effects of oral preoperative carbohydrates on
postoperative nausea and vomiting after laparoscopic cholecystectomy. British Journal of
Surgery 2005; 92: 415-421
36. Yagci G, Can MF, Ozturk E, Dag B, Ozgurtas T,
Cosar A, Tufan T. Effects of preoperative carbohydrate loading on glucose metabolism and
gastric contents in patients undergoing moderate surgery: a randomized, controlled trial. Nutrition 2008; 24: 212-216
37. Mathur S, Plank LD, McCall JL, Shapkov P,
Mcllroy K, Gillanders LK, Merrie AE, Torrie JJ,
Pugh F, Koea JB, Bissett IP, Parry BR. Randomized controlled trial of preoperative oral carbohydrate treatment in major abdominal surgery.
British Journal of Surgery 2010; 97: 485-494
38. Schricker T, Meterissian S, Lattermann R, Carli
F. Postoperative protein sparing with epidural
analgesia and hypocaloric glucose. Annals of
Surgery 2004; 240: 916-921
39. Rodgers A, Walker N, Schug S, McKee A,
Kehlet H, van Zundert A, Sage D, Futter M,
Saville G, Clark T, MacMahon S. Reduction of
postoperative mortality and morbidity with
epidural or spinal anesthesia: results from
overview of randomised trials. British Medical
Journal 2000; 321: 1493-1497
40. Rigg J, Jamrozik K, Myles P, Silbert B, Peyton P,
Parsons R, Collins K. Epidural anaesthesia and
analgesia and outcome of major surgery: a randomised trial. Lancet 2002; 359: 1276-1282
41. Zutshi M, Delaney CP, Senagore AJ, Mekhail
N, Lewis B, Connor JT, Fazio VW. Randomized
controlled trial comparing the controlled rehabilitation with early ambulation and diet pathway versus the controlled rehabilitation with
early ambulation and diet with preemptive
epidural anesthesia/analgesia after laparotomy
and intestinal resection. American Journal of
Surgery 2005; 189: 268-272
42. Halkos ME, Puskas JD, Lattouf OM, Kilgo P,
Kerendi F, Song HK, Guyton RA, Thourani VH.

EACTA 2012 | Abstracts | Invited speakers

Elevated preoperative hemoglobin A1c level is
predictive of adverse events after coronary artery bypass surgery. Journal of Thoracic and
Cardiovascular Surgery 2008; 136: 631-640
43. Gustafsson UO, Thorell A, Soop M, Ljungqvist
O, Nygren J. Haemoglobin A1c as a predictor
of postoperative hyperglycaemia and complications after major colorectal surgery. British
Journal of Surgery 2009; 96: 1358-1364
44. O’Sullivan CJ, Hynes N, Mahendran B, Andrews EJ, Avalos G, Tawfik S, Lowery A, Sultan
S. Haemoglobin A1c (HbA1C) in non-diabetic
and diabetic vascular patients. Is HbA1C an independent risk factor and predictor of adverse
outcome? European Journal of Vascular and
Endovascular Surgery 2006; 32: 188-197
45. ADVANCE Collaborative Group, Patel A,
MacMahon S, Chalmers J, Neal B, Billot L,
Woodward M, Marre M, Cooper M, Glasziou

83
P, Grobbee D, Hamet P, Harrap S, Heller S, Liu
L, Mancia G, Mogensen CE, Pan C, Poulter N,
Rodgers A, Williams B, Bompoint S, de Galan
BE, Joshi R, Travert F. Intensive blood glucose
control and vascular outcomes in patients with
type 2 diabetes. New England Journal of Medicine 2008; 358: 2560-2572

Disclosure
My research is presently funded by the Canadian Institutes of Health Research, the Heart
and Stroke Foundation Canada and the Research Institute of McGill University.
In the last two years I have been receiving
honoraria for lectures and organizing activities from Baxter Healthcare©, Deerfield, Il.

