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The response to major surgery leads to morbidity

§ Metabolic homeostasis
§ Inflammation, insulin resistance, catabolism

§ Fluid balance
§ Hypoperfusion, overhydration, oedemia

§ Pain
§ Somatic, visceral, neuropathic

§ Gut dysfunction
§ Nausea, vomiting, paralysis

§ Cognitive dysfunction
§ Delirium, confusion, sleep disruption

§ Post-operative deconditioning
§ Immobilisation, fatigue, anemia, starvation It´s more to it than a perfect operation



Metabolic response to trauma

§ Neuroendocrine response
§ Cortisol, catecholamines, glucagon, GH

§ Insulin resistance
§ Catabolism
§ Lipolysis
§ Protein breakdown
§ Hyperglycemia

§ Inflammation
§ Cytokines



Gillis C, Anesthesiology, 2015



Gillis C, Anesthesiology, 2015



Mitochondrial 
dysfunction

§ Energy production / oxidative phosphorylation / ATP
§ Decrerased fatty acid oxidation
§ Inhibiting insulin action / Insulin resistance
§ Toxic lipid metabolite accumulation
§ ROS production / oxidative stress
§ Uncoupling



Gonzalez-Franquesa A, Adv Exp Med Biol, 2017

Harmful positive feedback loop



Gonzalez-Franquesa A, Adv Exp Med Biol, 2017

Mitochondrial dysfunction and insulin resistance



Gillis C, Anesthesiology, 2015



Preoperative insulin resistance 
increased risk for complications

The ORs were adjusted for potential confounders

Complication OR for every decrease by
1 mg/kg/min

(Insulin sensitivity)

P 
value

Death 2.33 (0.94-5.78) 0.067

Major complication 2.23 (1.30-3.85) 0.004

Severe infection 4.98 (1.48-16.8) 0.010

Minor infection 1.97 (1.27-3.06) 0.003

Sato et al, JCEM  2010; 95: 4338-44

273 patients open cardiac surgery, insulin sensitivity determined at the end of op



Controlling perioperative physiology
Many small pieces of the puzzle
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ERAS

Regional
analgesia

Prevention
of  ileus/

prokinetics

CHO -
loading/

no fasting

Early 
mobilisation

Periop fluid
management

DVT 
prophylaxis

Preop
councelling

Avoiding opioids

No premedication

No oral bowel prep

Perioperative
Nutrition

Active 
warming

Oral analgesics/
NSAID’s

Incisions

No NG tubes

Early removal
of catheters/drains



Postoperative muscle mitochondrial dysfunction
improves by carbohydrate loading

Hagve M, Am J Physiol Endocrinol Metab, 2015, Gjessing, P, Clin Nutr, 2015 

Preoperative carbohydrate loading
• Reduced muscle inflammatory response
• Improved inhibition of FOX01 mediated PDK4
• Supported by clinical studies 

• (Awad S, Ann Surg, 2010, Wang ZG, BJS, 2010, Yu Y, ChJS, 2013)



ERAS and clinical outcome ?
Review of 6 RCTs (n=452)Hospital stay

Complications

Vardhan, Clin Nutr, 2010



LOS

Compl

Lap CRC surgery

ERAS vs Trad

Meta-analysis
13 RCT, n=1298

• Shorter LOS

• Reduced
complications

• Faster return
• bowel function

• Less SIRS
• CRP
• IL6

Ni X, J Gastrointest Surg, 2019



Compliance to ERAS predict outcomes
after colorectal cancer surgery

n=953

•Predictors for improved clinical outcome
•Preoperative carbohydrate loading
•Perioperative fluid volume

Gustafsson U, Arch Surg, 2011
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ERAS
Lap Colonic resection 

• n=48
• 2 Complications
• 1 Readmission 

Patel G, Am J Surg, 2010, Levy BF, Dis Col Rect, 2009
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Frailty index as a predictor of postoperative morbidity and mortality

N= 971 434 (NSQIP)

General Surgery



LAFA trial, n=79
Veenhof A, Ann Surg, 2012

LS Lap Standard
LFT Lap FT
OS Open Standard
OFT Open FT

HLA-DR

CRP IL6



Increased ERAS compliance
42% less cancer specific death at 5 years

Gustafsson UO, WJS, 2016

N = 911



Improved	Disease-free	Survival	After	Prehabilitation	
for	Colorectal	Cancer	Surgery.
Trepanier,	Maude;	Minnella,	Enrico;	Paradis,	Tiffany;	Awasthi,	Rashami;	
Kaneva,	Pepa;	Schwartzman,	Kevin;	MD,	MPH;	Carli,	Franco;	MD,	MPhil;	
Fried,	Gerald;	Feldman,	Liane;	Lee,	Lawrence;	MD,	PhD

Annals	of	Surgery.	270(3):493-501,	September	2019.
DOI:	10.1097/SLA.0000000000003465

FIGURE	2	.	Kaplan-Meier	survival	curves	
of	5-year	disease-free	survival	in	patients	
undergoing	prehabilitation	vs	control	for	
(A)	all	stages	and	(B)	stage	III	disease.

N=202



Summary

§ Major surgery
§ significant morbidity and surgical stress

§ ERAS are evidence based perioperative protocols
§ reduces surgical stress
§ improves postoperative outcome

§ Stress reduction
§ associated to long term oncologic outcome
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It´s more to it than a perfect operation



The million dollar question
§ Postoperative insulin resistance – Good or bad ?

Postop NIDDM
Hyperglycemia + +

Insulin sensitivity - -

Glucose production + +

Glucose uptake - -
GLUT4 translocation - -
Glycogen formation - -

Beneficial when you were 
injured in ancient times ?


