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INTRODUCTION
Thoracic epidural anesthesia has been established 

as a cornerstone in the perioperative care after 
thoracic and major abdominal surgery providing most 
effective analgesia.1,2 Beyond its analgesic properties, 
TEA’s effects on the postoperative neurohumoral 
stress response, cardiovascular pathophysiology and 
intestinal dysfunction have been in the focus of both 
clinical and experimental investigations for years.3-6 

However, as an invasive technique TEA is related to 
specific complications even when contraindications 
are properly considered. There is an ongoing debate 
whether these risks of TEA and its consumption of 
procedural resources in the perioperative period 
are worth the benefits with respect to outcome and 
organ protection. 

The purpose of this lecture is to outweigh the 
perioperative risks related to TEA and analgesic 
technique and the benefits of TEA with respect to the 
cardiovascular system, the intestinal tract and the 
host immune response to the perioperative spread of 
malignant cells. 

INCREASED SYMPATHETIC ACTIVITY  
AND THE STRESS RESPONSE

The term stress usually describes a state of 
increased sympathetic activity that is accompanied 
by distinct changes in the host´s hormonal and 
immune response as well as the coagulation system.7 

Stress is caused by a multitude of situations of 
physical danger or factual injury to the organism but 
also can be induced solely by emotional tension or 
fear of adverse events.8-10 The stress response, that 
has been highly conserved throughout evolution, 
can turn against the host in the case of coexisting 
cardiovascular disease. In these patients, even 
watching a soccer game lastingly increases the 
risk of acute coronary syndromes and significant 
arrhythmias.11

There are different synergistic mechanisms 
involved in cardiac complications during stress. 
Increased catecholamine levels increase afterload 
of the left ventricle. Tachycardia further increases 
workload of the heart while decreasing the time for 
coronary perfusion.12 While healthy coronary arteries 
relax to compensate for the higher need of oxygen, 
altered and stenotic coronary arteries are not able to 
relax or even constrict on sympathetic stimulation.13 

Raised CRH-levels reduce cardiac NO-release and 
increase the endothelin production. This aggravates 
coronary endothelial dysfunction.14 Stress can 
induce a pro-coagulatory state in the absence of any 

trauma.15 Finally, the early phase of stressful events 
is characterized by an proinflammatory response 
that may lead to plaque instability via the activation 
of matrix-metalloproteinases.16,17 This fatal triad 
triggers acute coronary syndromes and myocardial 
infarction during and after stressfull events.

In the perioperative period, surgery and related 
interventions induce stress responses. Endotracheal 
intubation alone has been shown to be related to a 
marked increase of norepinephrine and prolactin.18,19 
Both after minimal invasive and major open surgery 
increased serum levels of stress hormones were 
recorded.20-22 A pro-coagulant state has been repeatedly 
shown after major abdominal and orthopaedic 
surgery and persists weeks after surgery.21,23,24 As a 
consequence of this constellation, cardiovascular 
mortality accounts for 63% of perioperative 
mortality in a high risk patient population and is still 
responsible for 30% of perioperative mortality in low 
risk patients.25

TEA AND SYMPATHETIC BLOCK
TEA has been intensively investigated with 

respect to its effect on perioperative pathophysiology 
and outcome. In the scientific discussion, segmental 
temporary sympathetic block is assumed to be 
related to the beneficial effects.26

However, both clinical and experimental data 
on sympathetic activity during TEA are scarce and 
needs to interpreted carefully. Level of epidural 
catheter insertion, volume and concentration of 
local anesthetics as well as the methodological 
limits of sympathetic activity measurement needs 
to be considered.27,28 Microneurography is the only 
technique that allows direct quantitative insight into 
abdominal sympathetic activity. It is, however, highly 
limited in spatial resolution and restricted to animal 
experimental studies.28 Many data were derived from 
indirect techniques relying on measurements of 
altered effector organ function during sympathetic 
block.29 These parameters are, however, prone to 
affection by microvascular anatomy, emotional and 
thermoregulatory state or the presence of general 
anesthesia.30-32

TEA is supposed to induce a segmental 
sympathetic block covering at least the levels of 
sensory block. Depending on the level of insertion, 
this block includes cardiac sympathetic efferent fibres 
in high TEA and low cervical epidural anesthesia 
and splanchnic sympathetic nerves in the case of 
midthoracic TEA. The sympathetic block should be 
restricted to a segmental block with compensatory 
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increased sympathetic activity in the segments 
below the intended block. This concept is based on 
two microneurographic studies in cats and rabbits 
conclusively demonstrating abdominal sympathetic 
block when mid-thoracic sympathetic roots were 
covered by TEA.33,34

In contrast to this, a clinical study failed to 
show thoracic sympathetic block within the sensory 
block in TEA using 4.2 ml Bupivacaine 0.75% 
injected at Th6-Th9.35 In contrast to these negative 
findings, recently a thoracic sympathetic block was 
preoperatively demonstrated by thermography 
in TEA induced by low concentration and high 
volume of local anesthetic.29 During midthoracic 
TEA, the decrease of skin temperature in Th4 – 
Th12 was significantly less pronounced compared 
to sham group, demonstrating reduced sympathetic 
vasoconstrictive activity. Similarly, in a rat model 
of continuous TEA an early and sustained increase 
in skin temperature in the dermatomes Th1, Th6 
and Th12 was recorded.27 In another rat model, 
30µl Lidocaine 2% injected epidurally at the level 
of Th6 induced increase in thoracic and abdominal 
skin temperature as qualitatively demonstrated by 
thermography.30

However, it is still unclear whether a limited 
segmental high thoracic sensoric block is accompanied 
by a limited sympathetic block. In experimental TEA 
in cats, high TEA with 0.1ml/kg Lidocaine 1% induced 
cardiac sympathetic block (Th1 – Th4) but increased 
renal sympathetic nerve activity (Th8) as recorded 
by microneurography. In the same study, lumbar 
epidural anesthesia induced renal sympathetic 
block and increased cardiac sympathetic block via 
baroreceptor-reflexes. There are no data concerning 
sensoric block in this model.34 Clinical data on a 
restricted segmental block of sympathetic activity in 
TEA is inconclusive until today. In human, limited 
upper thoracic sensoric block reaching Th6 occurred 
during high TEA induced by 4.2 ml Bupivacaine 
0.75%. In these patients, however, skin temperature 
in the feet also increased, suggesting unrestricted 
sympathetic block including splanchnic segments.35 
In contrast to this, 4 ml Bupivacaine 0.5% injected 
at Th4 induced sensory block down to Th8 but did 
not affect sympathetic activity in the lower legs.32 

Consequently, the concentration of local anesthetic 
might not only determine the intensity but also extent 
of the sympathetic block (35,36). A higher volume of 
Bupivacaine 0,25% injected at a midthoracic level 
induced a sympathetic block including the complete 
sympathetic innervation of the legs.29

ANTI-ISCHEMIC EFFECTS OF TEA IN CARDIAC  
AND NON-CARDIAC SURGERY

TEA has been repeatedly shown to decrease 
adverse perioperative cardiac events.3,37 A 
superior pain relief with concomitant reduction 
of the postoperative stress response and systemic 
sympathetic activity is most likely to contribute to 

this effect.1,38,39 Furthermore, regional sympathetic 
block including cardiac sympathetic nerves reduces 
not only ischemic pain but preserves coronary 
perfusion during cold pressor testing. This effect 
was most pronounced in stenotic vessels.40,41 These 
data support findings of perioperative anti-ischemic 
effects of TEA both in cardiac and in non-cardiac 
surgery. TEA reduced diastolic dysfunction in patients 
with CAD undergoing operative revascularization.42 
Diastolic dysfunction has been reported to be an 
early sign of cardiac ischemia. While in this study no 
effect on systolic function was recorded, an earlier 
study revealed improved systolic function and wall 
motion in coronary artery disease. Troponin release 
and long term survival after CABG underline the 
cardioprotective potential of TEA in that study.43 
In experimental myocardial ischemia TEA reduced 
infarct size.12 Due to the low incidence of complications 
and limited study sizes, two meta-analyses failed to 
prove decreased myocardial infarction after TEA in 
cardiac surgery,44,45 while in non-cardiac high risk 
surgical patients postoperatively continued TEA 
prevented myocardial infarction.37 However, a recent 
meta-analysis showed a decreased rate of combined 
end-points myocardial infarction and mortality 
after cardiac surgery in the presence of neuraxial 
blockade.44

INTESTINAL PERFUSION 
Safeguarding intestinal perfusion is a critical 

issue in the mainainance of intestinal function and 
integrity of mucosal barrier. TEA reversed impaired 
intraoperative intestinal oxygenation during major 
surgery and protected intestinal barrier function in 
experimental hypoxemia.46,47 In acute experimental 
pancreatitis and in sepsis TEA improved mucosal 
capillary perfusion.48,49 In healthy rats a shift from 
intermittent to continuous capillary perfusion in the 
face of mild hypotension was recorded during TEA.50 
Similarly, in patients undergoing esophagectomy 
continuous epidural infusion of Bupivacaine 
without a bolus dose increased anastomotic mucosal 
blood flow compared to the control group.51 In 
these studies, TEA was associated with no or only 
moderate hypotension. After esophagectomy the 
postoperative increase in cardiac output during the 
weaning procedure was blunted by TEA, thereby 
suggesting altered hemodynamic regulation.51

However, a number of clinical and experimental 
studies revealed adverse effects of TEA on parameters 
of intestinal perfusion.52-55 Only recently in 10 
patients undergoing esophagectomy TEA has been 
demonstrated to reduce laser Doppler flow in the 
distal gastric tube mucosa.56 All these studies reported 
substantial deterioration in systemic hemodynamic 
parameters. Mean arterial pressure was reduced by 
20 – 50 % after induction or during maintenance of 
TEA (52,53,55,56). Cardiac output remained stable 
in only one of these studies,55 but was decreased up to 
35% in two other.52,56 Furthermore, as far as data are 
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provided, the animal experimental studies revealing 
adverse perfusion effects of TEA are related to an 
extended or total sympathetic block.52,53 The clinical 
study described a sensoric block reaching Th4.54 Since 
sympathetic block has been found to exceed sensoric 
block in epidural anaesthesia and sympathetic 
preganglionary neurons origin not higher than Th1, 
the sensoric level of Th4 suggest an almost complete 
craniocaudal sympathetic block in these patients.29 

In conclusion, TEA seems to exert beneficial 
effects on intestinal perfusion as long as its 
hemodynamic consequences are adequately 
controlled. 

INTESTINAL MOTILITY 
Postoperatively, paralytic ileus and abdominal 

sepsis are life-threatening to the patient and have 
tremendous economic impact.57 Pain, increased 
sympathetic tone, the use of systemic opioid 
analgesia and intestinal neuroinflammatory proces-
ses contribute to intestinal hypomotility.58 The 
faster resolution of postoperative ileus after major 
open surgery is widely undisputed and attributed to 
superior pain therapy, reduced opioid consumption 
and sympathetic block.6,59 In a direct comparison to 
lidocain-PCIA, epidural application of lidocaine was 
shown to be more effective concerning pain control 
and resolution of hypomotility after colonic surgery.60 
TEA resulted in a faster resolution of postoperative 
ileus after major non-intestinal surgery also.61

The use of TEA in the setting of fast-track-
regimen and minimal invasive approaches for major 
procedures has been questioned.6 Two recent studies 
of TEA after laparoscopic surgery reported improved 
bowel motility,62,63 while one other did not prove an 
effect of TEA.64 However, differences in study design, 
technique of TEA and the surgical procedures do 
hinder comparison and interpretation of the data. 
The faster resolution of ileus was demonstrated 
on the background of a non-accelerated standard 
care. Surgery lasted about 3h and the surgical cases 
included major resections, such as hemicolectomy, 
in 12% to 55%.62,63 In contrast to this, TEA failed to 
exert beneficial effects when added to an established 
fast-track-program after laparoscopic sigmoidal 
resection with a duration of surgery of 2h.64

ANASTOMOTIC PERFUSION AND PATENCY
The impact of TEA on anastomotic perfusion 

and healing of anastomosis is still unclear. 
In colorectal surgery TEA has been found to 

decrease anastomotic blood flow and improved 
gastric and transverse colonic blood flow.54 
After esophagectomy, reduction in the already 
compromised mucosal circulation of the oral end of 
the gastric tube was more pronounced compared to 
the aboral end.56 In both studies, however, significant 
systemic hemodynamic alterations were present. 
In contrast to this, 1h (sedated patients) and 18h 
(awake and extubated patients) anastomotic mucosal 

blood flow was increased in TEA after esophageal 
resection.51

Data on anastomotic patency is also equivocal 
until today. Both increased rate of insufficiency 
and improved anastomotic healing has been 
reported.65 The latter finding is supported by a recent 
retrospective analysis of esophageal anastomosis, 
demonstrating a 70% risk-reduction for anastomotic 
leak in the TEA group (66). This protective effect 
might be of tremendous importance in the light of 
the five-fold increase in mortality in patients with 
anastomotic leak.

TEA AND OUTCOME
TEA provides superior pain therapy in a wide 

range of thoracic and abdominal surger.1 However, 
procedure specific effectivity should be recognized. 
While effectivity of TEA in colonic resection is 
well documented little benefit is reported after 
hysterectomy. However, all of these studies described 
a significantly improved pain control in TEA, 
lasting up to two weeks after surgery.62-64 Superior 
pain therapy and ameliorated metabolic response 
are related to improved quality of life after colonic 
resection.67,68 A recent meta-analysis of pulmonary 
effects of TEA revealed a reduced rate of pneumonia 
after TEA, most probably due to earlier mobilisa-
tion, reduced opioid-consumption and improved 
coughing.69

Rodgers and coworker demonstrated a 30% 
relative risk reduction of fatal outcome after surgery 
in unselected patients with neuraxial anesthesia. The 
evaluation included lumbar and spinal anesthesia.3 
These findings were corroborated by Wu, who 
retrospectively demonstrated mortality in the TEA-
group after colectomy and lung resections.70,71 In 
cardiac surgery an actual meta-analysis shows 
reduction of the combined outcomes myocardial 
ischemia and mortality, reduced renal failure and 
reduced need for ventilation in TEA for cardiac 
surgery.44

TEA AND TUMOR SPREAD
Tumor resection is a most important therapeutic 

strategy in the cure or control of malignant diseases. 
However, the procedure carries oncologic risk 
for the patients. Surgical manipulation promote 
systemic spread of tumor cells, which predicts a 
poor outcome.72,73 The influence of surgical stress on 
the immune function impairs the host´s ability to 
eliminate the circulating tumor cells. This includes 
suppression of Natural Killer cell function, increased 
Th2-T-cell-activity and reduced innate immune 
reactivity.74

Only recently two retrospective studies 
demonstrated reduced tumor recurrence rate and 
improved survival after regional anesthesia in two 
important tumor entities.75,76 These studies attracted 
attention to regional anesthesia as a potential tool 
to influence long-term outcome by perioperative 



20

IARS 2010 REVIEW COURSE LECTURES

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

measures.77 Morphine has been repeatedly shown 
to reduce Natural Killer cell activity and to promote 
growth in experimental colonic cancer metastasis 
and experimental breast cancer.78-81 Hypothermia 
and adrenergic response also promote experimental 
tumor growth.82 Tumor growth can be prevented by 
effective sympathetic block and analgesia in mice.83 

The observed protective effects of regional anesthesia 
might be therefore based both on an opioid-sparing 
effect and on reduced neurohumoral stress response.

RISKS OF TEA
The beneficial effects of TEA can be demonstrated 

in large patient populations and a favourable 
perioperative outcome can usually not be specifically 
attributed to epidural anesthesia. But albeit the 
number needed to harm is far higher than the 
number needed to treat, the complications of TEA 
are very specifically attributable to TEA and finally 
to the attending anaesthesiologist. This constellation 
leads to forensic risks and precautions to use TEA 
in critical patients, although they might profit 
most.84 There are three major risk categories to be 
considered: a) epidural bleeding, b) the unnecessary 
withdrawal of low dose aspirin in cardiovascular 
or cerebrovascular risk patients and c) epidural 
infection.

EPIDURAL BLEEDING
Epidural bleeding after epidural anesthesia has 

an estimated incidence of 1:2,700 to 1:5,400.1,85,86 This 
marked range of risk is related to different practice 
of perioperative thrombembolism prophylaxis 
and the implementation of specific guidelines for 
the use of epidural analgesia and anesthesia. The 
incidence of epidural hematoma furthermore 
differs with the site of insertion and the procedure. 
While obstetric patients have a low rate of epidural 
bleeding, perioperative lumbar epidural anesthesia 
is more frequently complicated by bloody puncture 
and epidural hematoma than thoracic epidural 
catheterization.1,87 Recently, in a series of 10,000 TEA 
no epidural hematome was described.1 Elderly female 
scheduled for lower limb arthroplasty have been 
repeatedly found to carry an especially high risk. In 
these patients alternative therapeutic strategies needs 
to be considered.1 Pre-existing coagulation disorders 
and the use of anticoagulant or antiplatelet drugs 
are the most prominent risk factors of perioperative 
epidural hematoma. Furthermore, aged patients 
are at increased risk of epidural complications, 
most probably due both to age related alterations of 
spinal anatomy and to impaired renal function with 
unexpectedly prolonged drug effects. For example, 
even a mild impairment of renal function increase 
the time of effective anticoagulation by low molecular 
weight heparin (LMWH) from 6.6 to 9.9 hours. In 
case of severe renal impairment LMWH effect lasts 
more than 15 hours.88 Finally, repeated and bloody 
puncture increase the risk of epidural bleeding.1,89,90

WITHDRAWAL OF ASPIRIN
In the western countries approximately 1.8 

million coronary stents are implanted each year91 
and 500.000 strokes occur annually in the European 
union.92 The high incidence of cardiovascular and 
cerebrovascular diseases in surgical patients results 
in an increased use of antiplatelet and anticoagulant 
drugs for secondary prophylaxis in patients scheduled 
for TEA.

The withdrawal of antiplatelet drugs leads 
to rebound effects with increased rate of throm bo-
embolic events.93,94 This rebound effect is aggravated 
by the prothrombotic and proinflammatory state 
induced by surgery. In case of antiplatelet drug 
discontinuation within 3 weeks after stenting, 
mortality is to 30 - 86%.91 Late stent thrombosis 
after antiplatelet drug discontinuation can occur 
more than one year after stenting.95,96 Consequently 
it has become consensus to continue antiplatelet 
medication in almost all surgical cases. Only in 
emergency intracranial, spinal and intraocular 
surgery, in which bleeding is potentially catastrophic, 
cessation and bridging with tirofiban and Heparin is 
recommended.91

The use of perioperative TEA must not lead 
to cessation of low dose acetylsalicylic acid 
prescribed for secondary prophylaxis. There is most 
probably no increase in the rate of spinal epidural 
hematoma during low dose ASS intake.97 However, 
the combination of ASS with other anticoagulant or 
antiplatelet drugs must be excluded in case TEA is 
planned. Standard operating procedures assuring 
the beginning of thromboembolic prophylaxis after 
surgery are suitable to increase the use of TEA in 
patients on ASS-prophylaxis.

When TEA is planned in patients using other 
antiplatelet or anticoagulant drugs, specific time 
intervals should be kept between the last medication 
and both catheter placement and catheter removal as 
reviewed earlier in detail.98 Since catheter removal is 
a critical phase with increased incidence of epidural 
bleeding, neurologic surveillance must be assured 
until 24 h after catheter removal. This notion is 
emphasized by recent data from the UK reporting 
delayed diagnosis in 4 of 5 cases of epidural 
hematoma with persistent harm. Only one patient 
was treated in time and reached full recovery.87

INFECTIOUS COMPLICATIONS
TEA is an invasive analgesic technique and as such 

inevitably associated with the risk of local infectious 
complications. Iatrogenic pathogen inoculation 
and haematogenous infection of the insertion site 
or the epidural catheter are the potential causes of 
infection within the vertebral canal.99 Estimates of 
incidence vary widely.99 Recent data from Germany 
report an incidence of 1 abscess in 10,000 patients 
with TEA (1). In the UK an incidence of 1:24,000 
epidural abscesses was found after perioperative 
neuraxial blockade with 10 of 13 cases in the study 
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period related to epidural anesthesia.87 Epidural 
abscess with spinal cord and radicular compression 
is the predominant complication after TEA and 
usually caused by staphylococcus aureus. Meningitis 
has also beenreported with a lower incidence. It 
is usually caused by streptococcus species.99,100 

Infectious complications may occur as early as day 
2 but usually present beginning from day 4 or later. 
They are often, but not always, accompanied by 
signs of infection of the insertion site and most often 
present with incomplete or unspecific symptoms. 
This frequently results in delayed diagnosis and 
underlines the necessity of close clinical observation 
and high level of suspicion.87 The prognosis of 
infectious complications is better than that of 
epidural bleeding. All patients with meningitis 
reached full recovery and approximately 50 % of 
patients with epidural abscesses recover without 
permanent disability.87

CONCLUSIONS
TEA provides optimal pain therapy in a wide 

range of surgical procedures and might reduce 
perioperative morbidity and mortality after major 
abdominal and thoracic surgery. Furthermore TEA 
might influence tumor progression after oncologic 
surgery. However, due to the low overall incidence 
of postoperative complications in many surgical 
procedures and the uncertainty concerning the 
incidence of epidural bleeding and infectious 
complications, procedure-specific evidence-based 
recommendations concerning TEA are still hard to 
make. 

REFERENCES
1. Popping DM, Zahn PK, Van Aken HK, Dasch B, Boche R, Pogatzki-

Zahn EM. Effectiveness and safety of postoperative pain management: 
a survey of 18 925 consecutive patients between 1998 and 2006 (2nd 
revision): a database analysis of prospectively raised data. Br J 
Anaesth 2008;101:832-40.

2. Royse C, Royse A, Soeding P, Blake D, Pang J. Prospective randomized 
trial of high thoracic epidural analgesia for coronary artery bypass 
surgery. Ann Thorac Surg 2003;75:93-100.

3. 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 
anaesthesia: results from overview of randomised trials. BMJ 
2000;321:1493.

4. Liu SS. Anesthesia and analgesia for colon surgery. Reg Anesth Pain 
Med 2004;29:52-7.

5. Kozian A, Schilling T, Hachenberg T. Non-analgetic effects of thoracic 
epidural anaesthesia. Curr Opin Anaesthesiol 2005;18:29-34.

6. Liu SS, Wu CL. Effect of postoperative analgesia on major 
postoperative complications: a systematic update of the evidence. 
Anesth Analg 2007;104:689-702.

7. Holte K, Kehlet H. Epidural anaesthesia and analgesia - effects on 
surgical stress responses and implications for postoperative nutrition. 
Clin Nutr 2002;21:199-206.

8. Sedowofia K, Barclay C, Quaba A, Smith A, Stephen R, Thomson M, 
Watson A, McIntosh N. The systemic stress response to thermal injury 
in children. Clin Endocrinol (Oxf) 1998;49:335-41.

9. Woolf PD, McDonald JV, Feliciano DV, Kelly MM, Nichols D, Cox 
C. The catecholamine response to multisystem trauma. Arch Surg 
1992;127:899-903.

10. Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by an 
earthquake. N Engl J Med 1996;334:413-9.

11. Wilbert-Lampen U, Leistner D, Greven S, Pohl T, Sper S, Volker 
C, Guthlin D, Plasse A, Knez A, Kuchenhoff H, Steinbeck G. 
Cardiovascular events during World Cup soccer. N Engl J Med 
2008;358:475-83.

12. Meissner A, Rolf N, Van Aken H. Thoracic epidural anesthesia and the 
patient with heart disease: benefits, risks, and controversies. Anesth 
Analg 1997;85:517-28.

13. Nabel EG, Ganz P, Gordon JB, Alexander RW, Selwyn AP. Dilation of 
normal and constriction of atherosclerotic coronary arteries caused 
by the cold pressor test. Circulation 1988;77:43-52.

14. Wilbert-Lampen U, Straube F, Trapp A, Deutschmann A, Plasse A, 
Steinbeck G. Effects of corticotropin-releasing hormone (CRH) on 
monocyte function, mediated by CRH-receptor subtype R1 and R2: a 
potential link between mood disorders and endothelial dysfunction? J 
Cardiovasc Pharmacol 2006;47:110-6.

15. Wirtz PH, von Kanel R, Emini L, Suter T, Fontana A, Ehlert U. 
Variations in anticipatory cognitive stress appraisal and differential 
proinflammatory cytokine expression in response to acute stress. 
Brain Behav Immun 2007;21:851-9.

16. Sambola A, Osende J, Hathcock J, Degen M, Nemerson Y, Fuster V, 
Crandall J, Badimon JJ. Role of risk factors in the modulation of tissue 
factor activity and blood thrombogenicity. Circulation 2003;107:973-7.

17. Gidron Y, Gilutz H, Berger R, Huleihel M. Molecular and cellular 
interface between behavior and acute coronary syndromes. 
Cardiovasc Res 2002;56:15-21.

18. Choyce A, Avidan MS, Harvey A, Patel C, Timberlake C, Sarang K, 
Tilbrook L. The cardiovascular response to insertion of the intubating 
laryngeal mask airway. Anaesthesia 2002;57:330-3.

19. Pernerstorfer T, Krafft P, Fitzgerald RD, Krenn CG, Chiari A, Wagner 
O, Weinstabl C. Stress response to tracheal intubation: direct 
laryngoscopy compared with blind oral intubation. Anaesthesia 
1995;50:17-22.

20. Marana E, Scambia G, Colicci S, Maviglia R, Maussier ML, Marana R, 
Proietti R. Leptin and perioperative neuroendocrine stress response 
with two different anaesthetic techniques. Acta Anaesthesiol Scand 
2008;52:541-6.

21. Kobayashi M, Tsujitani S, Kurisu Y, Kaibara N. Responses of cytokines 
and coagulation-fibrinolytic states to surgical stress following 
esophagectomy. Hepatogastroenterology 2004;51:1376-8.

22. Brodner G, Van Aken H, Hertle L, Fobker M, Von Eckardstein A, 
Goeters C, Buerkle H, Harks A, Kehlet H. Multimodal perioperative 
management--combining thoracic epidural analgesia, forced 
mobilization, and oral nutrition--reduces hormonal and metabolic 
stress and improves convalescence after major urologic surgery. 
Anesth Analg 2001;92:1594-600.

23. Dahl OE. Mechanisms of hypercoagulability. Thromb Haemost 
1999;82:902-6.

24. Sweetland S, Green J, Liu B, Berrington de Gonzalez A, Canonico 
M, Reeves G, Beral V. Duration and magnitude of the postoperative 
risk of venous thromboembolism in middle aged women: prospective 
cohort study. BMJ 2009;339:b4583.

25. Bangalore S, Wetterslev J, Pranesh S, Sawhney S, Gluud C, Messerli 
FH. Perioperative beta blockers in patients having non-cardiac 
surgery: a meta-analysis. Lancet 2008;372:1962-76.

26. Waurick R, Van Aken H. Update in thoracic epidural anaesthesia. Best 
Pract Res Clin Anaesthesiol 2005;19:201-13.

27. Freise H, Anthonsen S, Fischer LG, Van Aken HK, Sielenkamper 
AW. Continuous thoracic epidural anesthesia induces segmental 
sympathetic block in the awake rat. Anesth Analg 2005;100:255-62.

28. Grassi G, Esler M. How to assess sympathetic activity in humans. J 
Hypertens 1999;17:719-34.

29. Freise H, Meissner A, Lauer S, Ellger B, Radke R, Bruewer M, Brodner 
G, Van Aken HK, Sielenkamper AW, Fischer LG. Thoracic epidural 
analgesia with low concentration of bupivacaine induces thoracic and 
lumbar sympathetic block: a randomized, double-blind clinical trial. 
Anesthesiology 2008;109:1107-12.

30. Adolphs J, Schmitt TK, Schmidt DK, Mousa S, Welte M, Habazettl H, 
Schafer M. Evaluation of sympathetic blockade after intrathecal and 



22

IARS 2010 REVIEW COURSE LECTURES

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

epidural lidocaine in rats by laser Doppler perfusion imaging. Eur 
Surg Res 2005;37:50-9.

31. Eisenach JH, Pike TL, Wick DE, Dietz NM, Fealey RD, Atkinson JL, 
Charkoudian N. A comparison of peripheral skin blood flow and 
temperature during endoscopic thoracic sympathotomy. Anesth Analg 
2005;100:269-76.

32. Magnusdottir H, Kirno K, Ricksten SE, Elam M. High thoracic 
epidural anesthesia does not inhibit sympathetic nerve activity in the 
lower extremities. Anesthesiology 1999;91:1299-304.

33. Hogan QH, Stekiel TA, Stadnicka A, Bosnjak ZJ, Kampine JP. 
Region of epidural blockade determines sympathetic and mesenteric 
capacitance effects in rabbits. Anesthesiology 1995;83:604-10.

34. Taniguchi M, Kasaba T, Takasaki M. Epidural anesthesia enhances 
sympathetic nerve activity in the unanesthetized segments in cats. 
Anesth Analg 1997;84:391-7.

35. Hopf HB, Weissbach B, Peters J. High thoracic segmental epidural 
anesthesia diminishes sympathetic outflow to the legs, despite 
restriction of sensory blockade to the upper thorax. Anesthesiology 
1990;73:882-9.

36. Ginosar Y, Weiniger CF, Kurz V, Babchenko A, Nitzan M, Davidson 
E. Sympathectomy-mediated vasodilatation: a randomized 
concentration ranging study of epidural bupivacaine. Can J Anaesth 
2009;56:213-21.

37. Beattie WS, Badner NH, Choi P. Epidural analgesia reduces 
postoperative myocardial infarction: a meta-analysis. Anesth Analg 
2001;93:853-8.

38. Holte K, Kehlet H. Effect of postoperative epidural analgesia on 
surgical outcome. Minerva Anestesiol 2002;68:157-61.

39. Kehlet H. The endocrine-metabolic response to postoperative pain. 
Acta Anaesthesiol Scand Suppl 1982;74:173-5.

40. Olausson K, Magnusdottir H, Lurje L, Wennerblom B, Emanuelsson 
H, Ricksten SE. Anti-ischemic and anti-anginal effects of thoracic 
epidural anesthesia versus those of conventional medical therapy 
in the treatment of severe refractory unstable angina pectoris. 
Circulation 1997;96:2178-82.

41. Nygard E, Kofoed KF, Freiberg J, Holm S, Aldershvile J, Eliasen K, 
Kelbaek H. Effects of high thoracic epidural analgesia on myocardial 
blood flow in patients with ischemic heart disease. Circulation 
2005;111:2165-70.

42. Schmidt C, Hinder F, Van Aken H, Theilmeier G, Bruch C, Wirtz SP, 
Burkle H, Guhs T, Rothenburger M, Berendes E. The effect of high 
thoracic epidural anesthesia on systolic and diastolic left ventricular 
function in patients with coronary artery disease. Anesth Analg 
2005;100:1561-9.

43. Berendes E, Schmidt C, Van Aken H, Hartlage MG, Wirtz S, Reinecke 
H, Rothenburger M, Scheld HH, Schluter B, Brodner G, Walter 
M. Reversible cardiac sympathectomy by high thoracic epidural 
anesthesia improves regional left ventricular function in patients 
undergoing coronary artery bypass grafting: a randomized trial. Arch 
Surg 2003;138:1283-90; discussion 91.

44. Bignami E, Landoni G, Biondi-Zoccai GG, Boroli F, Messina M, 
Dedola E, Nobile L, Buratti L, Sheiban I, Zangrillo A. Epidural 
Analgesia Improves Outcome in Cardiac Surgery: A Meta-analysis of 
Randomized Controlled Trials. J Cardiothorac Vasc Anesth 2009.

45. Liu SS, Block BM, Wu CL. Effects of perioperative central neuraxial 
analgesia on outcome after coronary artery bypass surgery: a meta-
analysis. Anesthesiology 2004;101:153-61.

46. Ai K, Kotake Y, Satoh T, Serita R, Takeda J, Morisaki H. Epidural 
anesthesia retards intestinal acidosis and reduces portal vein 
endotoxin concentrations during progressive hypoxia in rabbits. 
Anesthesiology 2001;94:263-9.

47. Kapral S, Gollmann G, Bachmann D, Prohaska B, Likar R, Jandrasits 
O, Weinstabl C, Lehofer F. The effects of thoracic epidural anesthesia 
on intraoperative visceral perfusion and metabolism. Anesth Analg 
1999;88:402-6.

48. Daudel F, Freise H, Westphal M, Stubbe HD, Lauer S, Bone HG, Aken 
HV, Sielenkamper AW. Continuous Thoracic Epidural Anesthesia 
Improves Gut Mucosal Microcirculation in Rats with Sepsis. Shock 
2007.

49. Freise H, Lauer S, Anthonsen S, Hlouschek V, Minin E, Fischer 
LG, Lerch MM, Van Aken HK, Sielenkamper AW. Thoracic epidural 

analgesia augments ileal mucosal capillary perfusion and improves 
survival in severe acute pancreatitis in rats. Anesthesiology 
2006;105:354-9.

50. Sielenkamper AW, Eicker K, Van Aken H. Thoracic epidural anesthesia 
increases mucosal perfusion in ileum of rats. Anesthesiology 
2000;93:844-51.

51. Michelet P, Roch A, D’Journo XB, Blayac D, Barrau K, Papazian 
L, Thomas P, Auffray JP. Effect of thoracic epidural analgesia on 
gastric blood flow after oesophagectomy. Acta Anaesthesiol Scand 
2007;51:587-94.

52. Schwarte LA, Picker O, Hohne C, Fournell A, Scheeren TW. Effects 
of thoracic epidural anaesthesia on microvascular gastric mucosal 
oxygenation in physiological and compromised circulatory conditions 
in dogs. Br J Anaesth 2004;93:552-9.

53. Adolphs J, Schmidt DK, Korsukewitz I, Kamin B, Habazettl H, 
Schafer M, Welte M. Effects of thoracic epidural anaesthesia on 
intestinal microvascular perfusion in a rodent model of normotensive 
endotoxaemia. Intensive Care Med 2004;30:2094-101.

54. Sala C, Garcia-Granero E, Molina MJ, Garcia JV, Lledo S. Effect 
of epidural anesthesia on colorectal anastomosis: a tonometric 
assessment. Dis Colon Rectum 1997;40:958-61.

55. Gould TH, Grace K, Thorne G, Thomas M. Effect of thoracic epidural 
anaesthesia on colonic blood flow. Br J Anaesth 2002;89:446-51.

56. Al-Rawi OY, Pennefather SH, Page RD, Dave I, Russell GN. The effect 
of thoracic epidural bupivacaine and an intravenous adrenaline 
infusion on gastric tube blood flow during esophagectomy. Anesth 
Analg 2008;106:884-7, table of contents.

57. Fruhwald S, Holzer P, Metzler H. Gastrointestinal motility in acute 
illness. Wien Klin Wochenschr 2008;120:6-17.

58. Bauer AJ. Mentation on the immunological modulation of gastroin-
testinal motility. Neurogastroenterol Motil 2008;20 Suppl 1:81-90.

59. Jorgensen H, Wetterslev J, Moiniche S, Dahl JB. Epidural local 
anaesthetics versus opioid-based analgesic regimens on postoperative 
gastrointestinal paralysis, PONV and pain after abdominal surgery. 
Cochrane Database Syst Rev 2000:CD001893.

60. Kuo CP, Jao SW, Chen KM, Wong CS, Yeh CC, Sheen MJ, Wu CT. 
Comparison of the effects of thoracic epidural analgesia and i.v. 
infusion with lidocaine on cytokine response, postoperative pain and 
bowel function in patients undergoing colonic surgery. Br J Anaesth 
2006;97:640-6.

61. Blumenthal S, Min K, Nadig M, Borgeat A. Double epidural catheter 
with ropivacaine versus intravenous morphine: a comparison 
for postoperative analgesia after scoliosis correction surgery. 
Anesthesiology 2005;102:175-80.

62. Taqi A, Hong X, Mistraletti G, Stein B, Charlebois P, Carli F. Thoracic 
epidural analgesia facilitates the restoration of bowel function and 
dietary intake in patients undergoing laparoscopic colon resection 
using a traditional, nonaccelerated, perioperative care program. Surg 
Endosc 2007;21:247-52.

63. Zingg U, Miskovic D, Hamel CT, Erni L, Oertli D, Metzger U. Influence 
of thoracic epidural analgesia on postoperative pain relief and 
ileus after laparoscopic colorectal resection : Benefit with epidural 
analgesia. Surg Endosc 2009;23:276-82.

64. Turunen P, Carpelan-Holmstrom M, Kairaluoma P, Wikstrom H, 
Kruuna O, Pere P, Bachmann M, Sarna S, Scheinin T. Epidural 
analgesia diminished pain but did not otherwise improve enhanced 
recovery after laparoscopic sigmoidectomy: a prospective randomized 
study. Surg Endosc 2009;23:31-7.

65. Fotiadis RJ, Badvie S, Weston MD, Allen-Mersh TG. Epidural 
analgesia in gastrointestinal surgery. Br J Surg 2004;91:828-41.

66. Michelet P, D’Journo XB, Roch A, Papazian L, Ragni J, Thomas P, 
Auffray JP. Perioperative risk factors for anastomotic leakage after 
esophagectomy: influence of thoracic epidural analgesia. Chest 
2005;128:3461-6.

67. Carli F, Mayo N, Klubien K, Schricker T, Trudel J, Belliveau P. 
Epidural analgesia enhances functional exercise capacity and health-
related quality of life after colonic surgery: results of a randomized 
trial. Anesthesiology 2002;97:540-9.

68. Lattermann R, Carli F, Schricker T. Epidural blockade suppresses 
lipolysis during major abdominal surgery. Reg Anesth Pain Med 
2002;27:469-75.



23

IARS 2010 REVIEW COURSE LECTURES

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

69. Popping DM, Elia N, Marret E, Remy C, Tramer MR. Protective effects 
of epidural analgesia on pulmonary complications after abdominal 
and thoracic surgery: a meta-analysis. Arch Surg 2008;143:990-9; 
discussion 1000.

70. Wu CL, Rowlingson AJ, Herbert R, Richman JM, Andrews RA, 
Fleisher LA. Correlation of postoperative epidural analgesia on 
morbidity and mortality after colectomy in Medicare patients. J Clin 
Anesth 2006;18:594-9.

71. Wu CL, Sapirstein A, Herbert R, Rowlingson AJ, Michaels RK, 
Petrovic MA, Fleisher LA. Effect of postoperative epidural analgesia 
on morbidity and mortality after lung resection in Medicare patients. 
J Clin Anesth 2006;18:515-20.

72. Liu Z, Jiang M, Zhao J, Ju H. Circulating tumor cells in perioperative 
esophageal cancer patients: quantitative assay system and potential 
clinical utility. Clin Cancer Res 2007;13:2992-7.

73. Lurje G, Schiesser M, Claudius A, Schneider PM. Circulating tumor 
cells in gastrointestinal malignancies: current techniques and clinical 
implications. J Oncol 2010;2010:392652.

74. Vallejo R, Hord ED, Barna SA, Santiago-Palma J, Ahmed S. 
Perioperative immunosuppression in cancer patients. J Environ 
Pathol Toxicol Oncol 2003;22:139-46.

75. Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. 
Can anesthetic technique for primary breast cancer surgery affect 
recurrence or metastasis? Anesthesiology 2006;105:660-4.

76. Biki B, Mascha E, Moriarty DC, Fitzpatrick JM, Sessler DI, Buggy DJ. 
Anesthetic technique for radical prostatectomy surgery affects cancer 
recurrence: a retrospective analysis. Anesthesiology 2008;109:180-7.

77. Eisenach JC, Borgeat A, Bosnjak ZJ, Brennan TJ, Kersten JR, Kochs E, 
Lerman J, Warner DS, Wiener-Kronish JP. 2008 in review: advancing 
medicine in anesthesiology. Anesthesiology 2008;109:962-72.

78. Gupta K, Kshirsagar S, Chang L, Schwartz R, Law PY, Yee D, Hebbel 
RP. Morphine stimulates angiogenesis by activating proangiogenic 
and survival-promoting signaling and promotes breast tumor growth. 
Cancer Res 2002;62:4491-8.

79. Yeager MP, Colacchio TA. Effect of morphine on growth of metastatic 
colon cancer in vivo. Arch Surg 1991;126:454-6.

80. Yeager MP, Colacchio TA, Yu CT, Hildebrandt L, Howell AL, Weiss 
J, Guyre PM. Morphine inhibits spontaneous and cytokine-enhanced 
natural killer cell cytotoxicity in volunteers. Anesthesiology 
1995;83:500-8.

81. Farooqui M, Li Y, Rogers T, Poonawala T, Griffin RJ, Song CW, Gupta 
K. COX-2 inhibitor celecoxib prevents chronic morphine-induced 
promotion of angiogenesis, tumour growth, metastasis and mortality, 
without compromising analgesia. Br J Cancer 2007;97:1523-31.

82. Ben-Eliyahu S, Shakhar G, Rosenne E, Levinson Y, Beilin B. 
Hypothermia in barbiturate-anesthetized rats suppresses natural 
killer cell activity and compromises resistance to tumor metastasis: a 
role for adrenergic mechanisms. Anesthesiology 1999;91:732-40.

83. Bar-Yosef S, Melamed R, Page GG, Shakhar G, Shakhar K, Ben-
Eliyahu S. Attenuation of the tumor-promoting effect of surgery by 
spinal blockade in rats. Anesthesiology 2001;94:1066-73.

84. Schug S. The effect of neuraxial blockade on peri-operative mortality 
and major morbidity: An updated Meta-Analysis. Anaesthesia and 
Intensive Care 2005;33:675.

85. Christie IW, McCabe S. Major complications of epidural analgesia 
after surgery: results of a six-year survey. Anaesthesia 2007;62:335-41.

86. Moen V, Dahlgren N, Irestedt L. Severe neurological complications 
after central neuraxial blockades in Sweden 1990-1999. Anesthesiology 
2004;101:950-9.

87. Cook TM, Counsell D, Wildsmith JA. Major complications of central 
neuraxial block: report on the Third National Audit Project of the 
Royal College of Anaesthetists. Br J Anaesth 2009;102:179-90.

88. Sanderink GJ, Guimart CG, Ozoux ML, Jariwala NU, Shukla UA, 
Boutouyrie BX. Pharmacokinetics and pharmacodynamics of the 
prophylactic dose of enoxaparin once daily over 4 days in patients 
with renal impairment. Thromb Res 2002;105:225-31.

89. Vandermeulen EP, Van Aken H, Vermylen J. Anticoagulants and 
spinal-epidural anesthesia. Anesth Analg 1994;79:1165-77.

90. Moen V, Irestedt L, Dahlgren N. Major complications of central 
neuraxial block: the Third National Audit Project: some comments 
and questions. Br J Anaesth 2009;103:130-1; author reply 1-2.

91. Chassot PG, Delabays A, Spahn DR. Perioperative antiplatelet therapy: 
the case for continuing therapy in patients at risk of myocardial 
infarction. Br J Anaesth 2007;99:316-28.

92. Incidence of stroke in europe at the beginning of the 21st century. 
Stroke 2009;40:1557-63.

93. Beving H, Zhao C, Albage A, Ivert T. Abnormally high platelet activity 
after discontinuation of acetylsalicylic acid treatment. Blood Coagul 
Fibrinolysis 1996;7:80-4.

94. Burger W, Chemnitius JM, Kneissl GD, Rucker G. Low-dose aspirin 
for secondary cardiovascular prevention - cardiovascular risks after its 
perioperative withdrawal versus bleeding risks with its continuation - 
review and meta-analysis. J Intern Med 2005;257:399-414.

95. McFadden EP, Stabile E, Regar E, Cheneau E, Ong AT, Kinnaird 
T, Suddath WO, Weissman NJ, Torguson R, Kent KM, Pichard AD, 
Satler LF, Waksman R, Serruys PW. Late thrombosis in drug-eluting 
coronary stents after discontinuation of antiplatelet therapy. Lancet 
2004;364:1519-21.

96. Ferrari E, Benhamou M, Cerboni P, Marcel B. Coronary syndromes 
following aspirin withdrawal: a special risk for late stent thrombosis. 
J Am Coll Cardiol 2005;45:456-9.

97. Horlocker TT, Wedel DJ, Benzon H, Brown DL, Enneking FK, Heit 
JA, Mulroy MF, Rosenquist RW, Rowlingson J, Tryba M, Yuan CS. 
Regional anesthesia in the anticoagulated patient: defining the risks 
(the second ASRA Consensus Conference on Neuraxial Anesthesia 
and Anticoagulation). Reg Anesth Pain Med 2003;28:172-97.

98. Gogarten W. The influence of new antithrombotic drugs on regional 
anesthesia. Curr Opin Anaesthesiol 2006;19:545-50.

99. Schulz-Stubner S, Pottinger JM, Coffin SA, Herwaldt LA. Nosocomial 
infections and infection control in regional anesthesia. Acta 
Anaesthesiol Scand 2008;52:1144-57.

100. Horlocker TT, Wedel DJ. Infectious complications of regional 
anesthesia. Best Pract Res Clin Anaesthesiol 2008;22:451-75.






















































