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Patients undergoing surgery and anesthesia are at risk for perioperative cardiac 

complications, especially in the presence of comorbidities like obesity and type 2 

diabetes mellitus. The inhalational anesthetic sevoflurane has been shown to have 

cardioprotective as well as cardiodepressive properties, which might be affected by 

metabolic alterations in the heart. While the cardioprotective effects are reduction of 

ischemia and reperfusion injury, the cardiodepressive effects are negative inotropic 

and lusitropic effects. In the present thesis we investigated the impact of dietary 

intake on perioperative myocardial perfusion, function and ischemia and reperfusion 

injury, thereby focusing on the interaction of dietary intake and sevoflurane 

anesthesia. We specifically hypothesized that anesthesia-induced changes in 

perioperative myocardial function are influenced by preoperative dietary alterations.  

Critique of methods 

We tested our hypotheses in instrumented, anesthetized rats. These rats received a 

standardized diet with a high concentration of saturated fatty acids and different 

percentages of simple carbohydrates to induce an obese/type 2 diabetic phenotype 

as a surrogate model for the human setting. This standardized diet improved the 

comparability of diet interventions within our studies. Overall, 4 weeks of high fat 

diet (HFD) feeding resulted in glucose intolerance with decreased HDL cholesterol 

(chapter 3), while 4 weeks of western diet feeding, a diet consisting of HFD with 

additional sucrose, resulted in obesity, hyperglycemia, hyperinsulinemia and 

hyperlipidemia, going from a glucose intolerant to a prediabetic rat model (chapter 

5). Furthermore, these characteristics were extravagated when the duration of 

feeding was doubled from 4 to 8 weeks (chapter 4, 5 and 6). From these data we 

can conclude that western diet feeding simulates the human phenotype better than 

high fat diet feeding in rats. 

Diet-induced models of obesity and diabetes are more human-like than other 

models, because obesity is based on excessive caloric intake.1-3 Models such as the 

genetic Zucker or Zucker Diabetic Fatty rat are not representative for the human 

pathogenesis of obesity and type 2 diabetes mellitus due to a deficient leptin system, 

which is uncommon in humans.4 Besides, it is important to realize that untreated 

type 2 diabetic patients are rare, and that most patients receive medication leading 

to mild or absence of hyperglycemia. The translational character of diet feeding in 

rats to humans is still under discussion. There is a large variation in content of the 

diet, time of feeding and strain used. Diets can vary in the source and percentages of 

fat and carbohydrates. However, in the present thesis western diet feeding 

represents a prediabetic phenotype in rats and closely mimics the human diet. 

Our studies were performed in instrumented rats. Rats were anesthetized, 

endotracheally intubated and mechanically ventilated. During the experiments, ECG 

was recorded and arterial blood pressure was measured invasively. Moreover, 
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interventional techniques such as an oral glucose tolerance test to determine glucose 

tolerance, hyperinsulinemic euglycemic clamping to induce hyperinsulinemia, 

coronary occlusion to induce ischemia and reperfusion injury, and (contrast) 

echocardiography to determine myocardial perfusion and diastolic and systolic 

function have been performed. These techniques allowed standardized study 

conditions such as preservation of hypoglycemia during hyperinsulinemia. 

All our results were obtained under strictly standardized conditions with respect to 

timing and composition of diet feeding. Nevertheless, as with all animal experiments 

extrapolation to the human setting has to be done with caution. 

Major findings 

Sevoflurane induces cardiodepression without altering myocardial perfusion 

Under physiological conditions, myocardial blood flow and systolic function are in 

balance.5 The supply of oxygen to the heart depends on the oxygen content in the 

blood and coronary blood flow. While oxygen content remains mostly constant, 

regulation of coronary blood flow is responsible for matching oxygen supply with 

metabolic demands. Major determinants of myocardial blood flow are perfusion 

pressure and coronary vascular resistance.  

Under pathophysiological conditions, such as obesity and type 2 diabetes mellitus, 

the balance between energy supply and demand could be altered. The present thesis 

focused on the evaluation of dietary alterations on myocardial systolic function and 

blood flow. In high fat diet-induced glucose intolerant rats, myocardial perfusion and 

systolic function are not affected (chapter 3), whereas in western diet-induced 

prediabetic rats, myocardial perfusion and function are both declined when compared 

to control animals (chapter 4). This clearly suggests that the stage of diabetes plays 

a role in the development of cardiovascular alterations and that a reduction in 

myocardial contractility coincides with a reduction in coronary blood flow. In the 

context of these findings the question remains whether these myocardial alterations 

in prediabetic rats are additionally associated with changes in myocardial oxygen 

demand and supply. It is known that substrate metabolism of diabetic hearts shifts 

toward fatty acid utilization, which is paralleled by a decrease in glucose 

metabolism.6 However, the consequence of increased use of fatty acids is a higher 

demand of ATP which requires more oxygen. In addition to possible alterations in 

oxygen supply and demand in the heart of prediabetic rats there are other 

pathophysiological mechanisms that may underlie the reduction in myocardial 

perfusion and function in our animal model. At first, cardiometabolic alterations may 

affect myocardial calcium handling.7-10 The consequent reduction in contractility of 

the heart may also lead to alterations in myocardial blood flow. Secondly, myocardial 

relaxation is impaired in prediabetic rats, which might result in impairment of 

coronary perfusion. As shown in patients undergoing biventricular pacing, coronary 
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perfusion is dependent on a suction like effect during diastole, the so-called 

backward-traveling decompression effect.11 

The present thesis showed that sevoflurane did not affect myocardial perfusion, 

while systolic function was decreased in healthy and prediabetic animals (chapter 4). 

This suggests that sevoflurane uncouples myocardial perfusion and function 

irrespective of the metabolic state of the heart. The uncoupling of perfusion and 

function is also observed after prolonged ischemia, which has been describes as a 

perfusion-contraction mismatch.5 Moreover, sevoflurane exerts vasodilating 

properties, and is known to reduce coronary vascular resistance and perfusion 

pressure in addition to myocardial depression.12-14 In addition, the vasodilating 

properties of sevoflurane are influenced by vasoactive mediators, such as nitric 

oxide.15 Sevoflurane activates nitric oxide; however, altered nitric oxide availability 

can significantly impair myocardial perfusion-contraction matching.16 Thus, 

sevoflurane seems to uncouple myocardial perfusion and contraction, however, up to 

now the mechanisms are unclear. 

The cardiodepressive effects of sevoflurane are modulated by dietary composition 

Sevoflurane exerts cardiodepressive properties in healthy subjects, therefore its 

perioperative use may cause hemodynamic alterations. It has been suggested that 

the interaction of sevoflurane with the heart is additionally altered by 

cardiometabolic diseases. With the growing epidemic of obesity and type 2 diabetes 

mellitus it is important to understand the influence of this condition on the 

interaction of sevoflurane with myocardial function. We found that high fat diet-

induced glucose intolerance did not affect myocardial function during baseline 

conditions, whereas myocardial function was impaired during conditions of 

hyperemia (chapter 3). When prediabetes was induced in rats exposed to a diet high 

in saturated fatty acids and simple carbohydrates, a so-called western diet, we 

observed impairment of myocardial systolic and diastolic function (Chapter 4 and 5). 

Moreover, we found that sevoflurane is a stronger cardiodepressant in prediabetic 

rats than in control rats (chapter 4 and 5), which could be restored by lowering 

caloric intake (chapter 5). Suggested mechanisms are myocardial substrate 

metabolism and calcium handling. Proteins related to myocardial substrate 

metabolism, such as the protein kinase Akt17 and glucose transporter 418 are 

increased by sevoflurane after ischemia and reperfusion, resulting in increased 

glucose and decreased fatty acid oxidation.18 Moreover, sevoflurane reduces 

myocardial calcium availability7 and affects sarcoplasmic reticulum calcium 

content.7;19 These results suggest that normalization of the cardiometabolic profile 

by dietary changes are of direct influence on the myocardial response to sevoflurane 

in rats. 



134 Chapter 7 

 

 

The cardioprotective effects of sevoflurane during myocardial ischemia are altered by 

dietary intake 

Western diet, in combination with a sedentary lifestyle, is an important cause for 

overweight, obesity and type 2 diabetes mellitus.1 Interestingly, while the overall 

negative consequences of western diet feeding for the development of 

cardiometabolic diseases are well acknowledged, there is increasing evidence that 

diets containing a high percentage of saturated fatty acids and simple carbohydrates 

may also be protective during stressful conditions, like surgery and anesthesia.20 

In the present thesis we observed that western diet feeding itself exerted 

cardioprotective effects in the ischemic heart (Chapter 6). In animals, feeding a diet 

high in saturated fatty acids after myocardial ischemia showed preserved myocardial 

function even in the presence of insulin resistance, suggesting a possible protective 

effect of high fat diet feeding.21;22 Interestingly, it has been suggested that 

overweight and obese patients exert a more appropriate inflammatory and immune 

response to stress, and have a better outcome that their lean or morbid obese 

counterparts.20 However, it should be kept in mind that, despite macronutrient 

excess, obese patients remain at risk for perioperative nutritional deficits, such as 

iron deficiency, and the development of cardiovascular diseases.20 

Moreover, we showed that sevoflurane exerted cardioprotective effects during 

myocardial ischemia and reperfusion in healthy rats. In agreement with our 

expectations, western diet feeding blunted the protective effects of sevoflurane 

during ischemia and reperfusion (Chapter 6). Western diet-induced cardioprotection 

was associated with a rise in plasma insulin levels, suggesting that insulin levels may 

be involved in the protective response of this diet (chapter 6). Besides a more 

appropriate inflammatory and immune response to stress, a possible mechanism 

might be hyperinsulinemia. Hyperinsulinemia is cardioprotective during ischemic 

stress.23-28 Moreover, high fat diet feeding induces hyperinsulinemia as a 

compensatory mechanism. This hyperinsulinemia in the early phase of diabetes may 

therefore be a protective mechanisms during conditions of stress. Our experiments 

showed that hyperinsulinemia induced by a hyperinsulinemic euglycemic clamp 

mimicked the cardioprotective response as observed after western diet feeding 

(Chapter 6). These exciting and potentially also clinically relevant findings warrant 

future studies in humans.  

Normalizing the caloric intake reverses the cardiodepressive effects, but not the 

protective characteristics of sevoflurane 

Perioperative cardiac complications are an economical, medical and social burden 

that warrants optimization of perioperative health and cardiovascular care to 

improve patient outcome and reduce health care costs. Preoperative treatment of 

obesity and type 2 diabetes mellitus may reduce perioperative cardiac complications. 

Current therapies directed at reducing these risk factors focus on weight loss. Weight 
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loss is induced by a negative energy balance, such as dietary interventions, physical 

activity, pharmacotherapy and surgery.29 Lifestyle interventions, such as changing 

dietary intake and increasing physical activity to improve insulin sensitivity and 

glucose control in obese and type 2 diabetic patients is an important part of these 

treatments.30;31 The evidence for their benefits is nowadays growing and might 

reduce perioperative complications and improve short and long-term outcome.  

Hyperglycemia, which may be triggered by the stress condition of anesthesia and 

surgery, is a strong predictor for morbidity and mortality after non-cardiac 

procedures, while high perioperative glucose variability enhances this risk even 

further.32-34 Lowering of the incidence of perioperative hyperglycemia in obese and 

type 2 diabetic patients may therefore contribute to improved patient outcome and 

reduced health care costs after surgery.35 Although the benefits of lifestyle 

interventions to improve the incidence of intraoperative hyperglycemia are 

increasingly acknowledged, it may be expected that these interventions also 

modulate anesthesia-related physiological alterations.  

The present thesis showed that lowering caloric intake improved myocardial 

systolic and diastolic function (chapter 5 and 6) and that the cardioprotective effect 

of western diet feeding during ischemia and reperfusion is sustained (chapter 6). 

Further, sevoflurane induced cardiodepression was normalized (chapter 5), whereas 

sevoflurane had no additional cardioprotective effect on ischemia and reperfusion 

injury (chapter 6). Although studies focusing on preoperative dietary changes in 

humans are limited,36 the overall idea is that weight loss reduces risk factors such as 

diabetes and cardiovascular disease and extends lifespan and reduces mortality. 

Besides the possibility of the sustained cardioprotective effect of western diet 

feeding, it is also known that caloric restriction protects against ischemia and 

reperfusion injury.36 Mitchell et al. reviewed the feasibility and benefits of caloric 

restriction and concluded that caloric restriction has a wide range of benefits against 

surgical stress in the experimental setting, which might also account in the human 

setting.36 One of the suggested underlying mechanisms is reduced insulin signaling. 

Improvement of insulin signaling by caloric restriction results in improved insulin 

sensitivity. This might also be an underlying mechanism in improved cardiometabolic 

state of western diet-induced prediabetic rats. Overall, dietary modulation by 

lowering caloric intake may have a wide range of benefits including improved insulin 

sensitivity, altered cardiometabolic state and reduced injury during stress. 
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Future directions 

Laboratory investigations already studied the cardioprotective properties of volatile 

anesthesia for many years.37 However, the clinical applicability in modulating the risk 

of perioperative cardiovascular complications by volatile anesthetics is still an 

ongoing debate.38 Several experimental studies showed the protective effects of 

volatile anesthetics in human heart tissue. However, recent clinical studies suggest 

that propofol and volatile anesthetics are associated with a comparable incidence of 

cardiac events. Therefore further research based on large clinical trials is necessary 

to conclude on the possible beneficial effects of volatile anesthesia on the heart and 

outcome. Moreover, clinical studies need to be performed to investigate the effects 

of volatile anesthetics during myocardial infarction in obese and/or type 2 diabetic 

patients. 

Secondly, drugs might modulate the sensitivity of the heart for ischemic injury, 

such as drugs for improvement of insulin sensitivity by glucagon-like peptide 1 (GLP-

1) or metformin. GLP1 is a gut incretin hormone that is released in response to 

nutrient intake, stimulates insulin secretion and exerts insulinotropic and 

insulinomimetic properties. Metformin is a biguanide with antihyperglycemic 

properties and exerts its actions by enhancing insulin sensitivity. Improvement of the 

diabetic phenotype might improve the cardioprotective effects of volatile anesthesia 

during ischemia and reperfusion. 

Thirdly, we found the protective effects of western diet feeding on ischemia and 

reperfusion injury. One of the suggested mechanisms is the presence of metabolic 

alterations, such as hyperinsulinemia, during ischemic stress. Several studies 

showed a cardioprotective effect of insulin in healthy animals and patients with 

myocardial infarction. However, the question remains if insulin administration has 

protective effects in the diabetic heart, due to the presence of insulin resistance. 

Future studies using insulin blockers need to be performed to prove the beneficial 

effects of hyperinsulinemia during ischemia and reperfusion in the prediabetic heart.  
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Conclusions 

Patients with obesity and/or diabetes are at increased risk for perioperative 

cardiovascular complications. Moreover, the choice of anesthetic may modulate the 

risk of these perioperative cardiovascular complications. In the present thesis we 

focused on the modulation of dietary intake on sevoflurane-induced alterations in 

myocardial perfusion and function in rats. Moreover, we investigated whether the 

cardioprotective effect of sevoflurane is altered by diet composition, and whether 

changing the dietary balance by lowering fat and sucrose intake could be useful as 

an intervention to influence the effects of sevoflurane on the heart.  

Sevoflurane induces cardiodepression without altering myocardial perfusion 

In healthy control rats, sevoflurane resulted in reduced systolic function without 

altering myocardial blood flow, leading to uncoupling of cardiac systolic function and 

perfusion (Chapter 4). 

The cardioprotective effects of sevoflurane are modulated by dietary composition 

Rats exposed to a diet high in saturated fatty acids (HFD) developed glucose 

intolerance, however this phenotype was not associated with alterations in 

myocardial perfusion and function (Chapter 3). Though, after induction of hyperemia, 

we observed a reduction in myocardial systolic function in rats fed a high fat diet 

(HFD) without alterations in myocardial perfusion when compared to control animals 

(Chapter 3). When rats were exposed to a diet high in saturated fatty acids and 

simple carbohydrates, a so-called western diet (WD), we observed glucose 

intolerance and impairment of myocardial perfusion and function at baseline when 

compared to control animals (Chapter 4 and 5). In the presence of sevoflurane, the 

reduction in myocardial systolic function in rats fed a western diet (WD) was even 

more pronounced, while sevoflurane did not alter myocardial perfusion (Chapter 4 

and 5).  

The cardioprotective effects of sevoflurane during myocardial ischemia are altered by 

dietary intake 

Sevoflurane exerted cardioprotective effects during myocardial infarction and 

reperfusion in healthy rats. In agreement with our expectations, western diet feeding 

blunted the protective effects of sevoflurane during ischemia and reperfusion 

(Chapter 6). More interestingly, western diet feeding itself exerted cardioprotective 

effects in the ischemic heart (Chapter 6). Western diet-induced cardioprotection was 

associated with a rise in plasma insulin levels, suggesting that insulin levels may be 

involved in the protective response of this diet. Separate experiments showed that 

hyperinsulinemia induced by a hyperinsulinemic euglycemic clamp mimicked the 

cardioprotective response as observed after western diet feeding (Chapter 6). 
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Normalizing the caloric intake reverses the cardiodepressive effects, but not the 

protective characteristics of sevoflurane 

Rats subjected to diet reversal, which comprised a period of normal healthy diet 

following western diet feeding, showed normalization of their prediabetic phenotype. 

(Chapter 5) This was associated with improvement of cardiac systolic as well as 

diastolic function (Chapter 5) and a reduction in the cardiodepressive effects of 

sevoflurane (Chapter 5). While western diet had a protective effect against ischemia 

and reperfusion injury, lowering caloric intake did not alter the cardioprotective 

effect of western diet feeding during ischemia and reperfusion (Chapter 6). 

Moreover, the absence of sevoflurane-induced cardioprotection during myocardial 

infarction in western diet fed rats could not be restored by diet reversal (Chapter 6).  



Conclusions & General discussion 139 

 

 

References 

1. Panchal SK, Brown L: Rodent models for metabolic syndrome research. J Biomed Biotechnol 

2011, 2011:351982. 

2. Kanasaki K, Koya D: Biology of obesity: lessons from animal models of obesity. J Biomed 

Biotechnol 2011, 2011:197636. 

3. Nilsson C, Raun K, Yan FF, Larsen MO, Tang-Christensen M: Laboratory animals as surrogate 

models of human obesity. Acta Pharmacol Sin 2012, 33:173-181. 

4. Farooqi IS, Jebb SA, Langmack G, Lawrence E, Cheetham CH, Prentice AM, Hughes IA, 

McCamish MA, O'Rahilly S: Effects of recombinant leptin therapy in a child with congenital leptin 

deficiency. N Engl J Med 1999, 341:879-884. 

5. Heusch G, Schulz R: The relation of contractile function to myocardial perfusion. Perfusion-

contraction match and mismatch. Herz 1999, 24:509-514. 

6. van den Brom CE, Huisman MC, Vlasblom R, Boontje NM, Duijst S, Lubberink M, Molthoff CF, 

Lammertsma AA, Van der Velden J, Boer C, Ouwens DM, Diamant M: Altered myocardial 

substrate metabolism is associated with myocardial dysfunction in early diabetic 

cardiomyopathy in rats: studies using positron emission tomography. Cardiovasc Diabetol 2009, 

8:39. 

7. Hannon JD, Cody MJ: Effects of volatile anesthetics on sarcolemmal calcium transport and 

sarcoplasmic reticulum calcium content in isolated myocytes. Anesthesiology 2002, 96:1457-

1464. 

8. Fassl J, Halaszovich CR, Huneke R, Jungling E, Rossaint R, Luckhoff A: Effects of inhalational 

anesthetics on L-type Ca2+ currents in human atrial cardiomyocytes during beta-adrenergic 

stimulation. Anesthesiology 2003, 99:90-96. 

9. Hanley PJ, ter Keurs HE, Cannell MB: Excitation-contraction coupling in the heart and the 

negative inotropic action of volatile anesthetics. Anesthesiology 2004, 101:999-1014. 

10.Bouwman RA, Salic K, Padding FG, Eringa EC, van Beek-Harmsen BJ, Matsuda T, Baba A, 

Musters RJ, Paulus WJ, de Lange JJ, Boer C: Cardioprotection via activation of protein kinase C-

delta depends on modulation of the reverse mode of the Na+/Ca2+ exchanger. Circulation 

2006, 114:I226-I232. 

11.Kyriacou A, Whinnett ZI, Sen S, Pabari PA, Wright I, Cornelussen R, Lefroy D, Davies DW, 

Peters NS, Kanagaratnam P, Mayet J, Hughes AD, Francis DP, Davies JE: Improvement in 

coronary blood flow velocity with acute biventricular pacing is predominantly due to an increase 

in a diastolic backward-travelling decompression (suction) wave. Circulation 2012, 126:1334-

1344. 

12.Malan TP, Jr., DiNardo JA, Isner RJ, Frink EJ, Jr., Goldberg M, Fenster PE, Brown EA, Depa R, 

Hammond LC, Mata H: Cardiovascular effects of sevoflurane compared with those of isoflurane 

in volunteers. Anesthesiology 1995, 83:918-928. 

13.Park KW: Cardiovascular effects of inhalational anesthetics. Int Anesthesiol Clin 2002, 40:1-14. 

14.Larach DR, Schuler HG: Direct vasodilation by sevoflurane, isoflurane, and halothane alters 

coronary flow reserve in the isolated rat heart. Anesthesiology 1991, 75:268-278. 

15.Nakamura K, Terasako K, Toda H, Miyawaki I, Kakuyama M, Nishiwada M, Hatano Y, Mori K: 

Mechanisms of inhibition of endothelium-dependent relaxation by halothane, isoflurane, and 

sevoflurane. Can J Anaesth 1994, 41:340-346. 

16.Kingma JG, Jr., Simard D, Rouleau JR: Modulation of nitric oxide affects myocardial perfusion-

contraction matching in anaesthetized dogs with recurrent no-flow ischaemia. Exp Physiol 2011, 

96:1293-1301. 



140 Chapter 7 

 

 

17.Yao Y, Li L, Li L, Gao C, Shi C: Sevoflurane postconditioning protects chronically-infarcted rat 

hearts against ischemia-reperfusion injury by activation of pro-survival kinases and inhibition of 

mitochondrial permeability transition pore opening upon reperfusion. Biol Pharm Bull 2009, 

32:1854-1861. 

18.Lucchinetti E, Wang L, Ko KW, Troxler H, Hersberger M, Zhang L, Omar MA, Lopaschuk GD, 

Clanachan AS, Zaugg M: Enhanced glucose uptake via GLUT4 fuels recovery from calcium 

overload after ischaemia-reperfusion injury in sevoflurane- but not propofol-treated hearts. Br J 

Anaesth 2011, 106:792-800. 

19.Davies LA, Gibson CN, Boyett MR, Hopkins PM, Harrison SM: Effects of isoflurane, sevoflurane, 

and halothane on myofilament Ca2+ sensitivity and sarcoplasmic reticulum Ca2+ release in rat 

ventricular myocytes. Anesthesiology 2000, 93:1034-1044. 

20.Valentijn TM, Galal W, Tjeertes EK, Hoeks SE, Verhagen HJ, Stolker RJ: The obesity paradox in 

the surgical population. Surgeon 2013, 11:169-176. 

21.Rennison JH, McElfresh TA, Okere IC, Vazquez EJ, Patel HV, Foster AB, Patel KK, Chen Q, Hoit 

BD, Tserng KY, Hassan MO, Hoppel CL, Chandler MP: High-fat diet postinfarction enhances 

mitochondrial function and does not exacerbate left ventricular dysfunction. Am J Physiol Heart 

Circ Physiol 2007, 292:H1498-H1506. 

22.Rennison JH, McElfresh TA, Chen X, Anand VR, Hoit BD, Hoppel CL, Chandler MP: Prolonged 

exposure to high dietary lipids is not associated with lipotoxicity in heart failure. J Mol Cell 

Cardiol 2009, 46:883-890. 

23.Gao F, Gao E, Yue TL, Ohlstein EH, Lopez BL, Christopher TA, Ma XL: Nitric oxide mediates the 

antiapoptotic effect of insulin in myocardial ischemia-reperfusion: the roles of PI3-kinase, Akt, 

and endothelial nitric oxide synthase phosphorylation. Circulation 2002, 105:1497-1502. 

24.Jonassen AK, Sack MN, Mjos OD, Yellon DM: Myocardial protection by insulin at reperfusion 

requires early administration and is mediated via Akt and p70s6 kinase cell-survival signaling. 

Circ Res 2001, 89:1191-1198. 

25.Jonassen AK, Aasum E, Riemersma RA, Mjos OD, Larsen TS: Glucose-insulin-potassium reduces 

infarct size when administered during reperfusion. Cardiovasc Drugs Ther 2000, 14:615-623. 

26.Doenst T, Richwine RT, Bray MS, Goodwin GW, Frazier OH, Taegtmeyer H: Insulin improves 

functional and metabolic recovery of reperfused working rat heart. Ann Thorac Surg 1999, 

67:1682-1688. 

27.Di MS, Boldrini B, Conti U, Marcucci G, Morgantini C, Ferrannini E, Natali A: Effects of GIK 

(glucose-insulin-potassium) on stress-induced myocardial ischaemia. Clin Sci (Lond) 2010, 

119:37-44. 

28.Diaz R, Paolasso EA, Piegas LS, Tajer CD, Moreno MG, Corvalan R, Isea JE, Romero G: 

Metabolic modulation of acute myocardial infarction. The ECLA (Estudios Cardiologicos 

Latinoamerica) Collaborative Group. Circulation 1998, 98:2227-2234. 

29.Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH: Obesity and 

cardiovascular disease: pathophysiology, evaluation, and effect of weight loss. Arterioscler 

Thromb Vasc Biol 2006, 26:968-976. 

30.Viljanen AP, Karmi A, Borra R, Parkka JP, Lepomaki V, Parkkola R, Lautamaki R, Jarvisalo M, 

Taittonen M, Ronnemaa T, Iozzo P, Knuuti J, Nuutila P, Raitakari OT: Effect of caloric restriction 

on myocardial fatty acid uptake, left ventricular mass, and cardiac work in obese adults. Am J 

Cardiol 2009, 103:1721-1726. 

31.Hammer S, Snel M, Lamb HJ, Jazet IM, van der Meer RW, Pijl H, Meinders EA, Romijn JA, de 

Roos A, Smit JW: Prolonged caloric restriction in obese patients with type 2 diabetes mellitus 

decreases myocardial triglyceride content and improves myocardial function. J Am Coll Cardiol 

2008, 52:1006-1012. 



Conclusions & General discussion 141 

 

 

32.Noordzij PG, Boersma E, Schreiner F, Kertai MD, Feringa HH, Dunkelgrun M, Bax JJ, Klein J, 

Poldermans D: Increased preoperative glucose levels are associated with perioperative mortality 

in patients undergoing noncardiac, nonvascular surgery. Eur J Endocrinol 2007, 156:137-142. 

33.Akhtar S, Barash PG, Inzucchi SE: Scientific principles and clinical implications of perioperative 

glucose regulation and control. Anesth Analg 2010, 110:478-497. 

34.Tung A: Anaesthetic considerations with the metabolic syndrome. Br J Anaesth 2010, 105 Suppl 

1:i24-i33. 

35.Lipshutz AK, Gropper MA: Perioperative glycemic control: an evidence-based review. 

Anesthesiology 2009, 110:408-421. 

36.Mitchell JR, Beckman JA, Nguyen LL, Ozaki CK: Reducing elective vascular surgery perioperative 

risk with brief preoperative dietary restriction. Surgery 2013, 153:594-598. 

37.Frassdorf J, De Hert S, Schlack W: Anaesthesia and myocardial ischaemia/reperfusion injury. Br 

J Anaesth 2009, 103:89-98. 

38.Pagel PS: Myocardial Protection by Volatile Anesthetics in Patients Undergoing Cardiac Surgery: 

A Critical Review of the Laboratory and Clinical Evidence. J Cardiothorac Vasc Anesth 2013. 


