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OZET

Torakal epidural anestezinin non-analjezik etkileri

Torakal epidural anestezi postoperatif agr1 kontroliinde etkin bir yontemdir; ayrica lokal anesteziklerin epidural
mesafeye verilmesi ile segmenter sempatik blok meydana gelir. Bu gegici sempatik blokajin kardiyovaskiiler, sol-
unum ve diger sistemler Gzerine etkileri, postoperatif morbidite ve mortalite tizerine etkileri nedeniyle, arastirilmaya
deger goziukmektedir. Torakal epidural anestezi kalp, akciger ve buylk batin cerrahilerinde basari ile kullanilmak-
tadir. Hareket halinde de etkinligi siiren bir analjezi ile birlikte erken mobilizasyon, stres yanitin baskilanmasi, erken
ekstiibasyon ve akcigere ait kompllikasyonlarda azalma ve bagarsak islevinde hizli derlenme saglamaktadir. Torakal
sempatik blokun en fazla yararlt olacagi distniilen yer kalp cerrahisidir, ancak yayinlarda morbidite ve mortalite
arasinda fark saptanmamustir. Agri kontroliindeki basarisina ragmen, torakal epidural anestezinin meta-analizlerde
hasta prognozu acisindan etkinligi gosterilememistir. Ote yandan, farkli organ sistemleri {izerine yapilan yakin tarihli
calismalar halen olumlu etkilerinden s6z etmektedir. Torakal epidural anestezi yakin gelecekte daha fazla kullanim

alani bulacak ve tartismalarla birlikte, tizerinde daha cok calisilacak gibi durmaktadir

SUMMARY

Thoracic epidural anaesthesia is selected usually to provide adequate postoperative analgesia; however with adminis-
tration of local anaesthetics to epidural space selective sympatolysis ensues. The effects of this transient sympathecto-
my on cardivascular, respiratory and other systems deserve certainly some interest as it may influence postoperative
morbidity or mortality. Thoracic epidural anaesthesia has succesfully been used in cardiac, thoracic and major
abdominal surgery. It provides dynamic analgesia, rapid mobilization, blunted stress response, early extubation with
reduced pulmonary complications and also rapid recovery of bowel function. In cardiac surgery where thoracic sym-
pathetic blockade is expected to be most useful, there is no difference in morbidity and mortality. Despite the supe-
rior quality of pain control, the beneficial aspect of thoracic epidural anaesthesia is not reflected on outcome in
meta-analysis. Recent papers has still demonstrated positive effects on each system. So thoracic epidural anaesthesia

is increasingly used and it seems that it will be discussed more in near future.
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Introduction

Thoracic epidural anaesthesia is selected usually
to provide adequate postoperative analgesia;
however with administration of local anaesthetics
to epidural space selective sympatholysis ensues.
The effects of this transient sympathectomy on
cardivascular, respiratory and other systems
deserve certainly some interest as it may influence
postoperative morbidity or mortality.

Thoracic epidural anaesthesia has succesfully
been used in cardiac, thoracic and major abdom-
inal surgery. It provides dynamic analgesia, rapid
mobilization, blunted stress response, early extu-
bation with reduced pulmonary complications
and also rapid recovery of bowel function. In car-
diac surgery where thoracic sympathetic block-
ade is expected to be most useful, there is no dif-
ference in morbidity and mortality.

Despite the superior quality of pain, the beneficial
aspect of thoracic epidural anaesthesia is not
reflected on outcome in meta-analysis. Recent
papers has still demonstrated positive effects on
each system. So thoracic epidural anaesthesia is
increasingly used and it seems that it will be dis-
cussed more in near future.

Though thoracic epidural anaesthesia (TEA) had
been first reported in 1950’s by Crawford et al.
(Crawford 1957); it had been more commonly
used after Griffith’s study in thoracic surgery at
1970’s (Griffith 1975). Local anaesthetic use in
thoracic epidural space provides excellent analge-
sia for thoracic and abdominal surgery and also
causes high shympatic blockade which deserves
special interest. Sympathic block by thoracic
epidural anaesthesia affects various organ systems
such as heart, lungs, upper gastrointestinal
organs, kidneys and adrenals. This transient sym-
pathectomy displays major role on reducing neu-
rohumoral stress response. Blunting stress
response is usually with decreased incidence of
cardiac and pulmonary complications in high risk
patients. Note that thoracic sympathetic blockade
is established with epidural use of local anaes-
thetics; utilization of opioids or other drugs such
as ketamine via epidural route can not procure
the medical sympathectomy. In this lecture TEA
means administration of local anaesthetic to tho-
racic epidural space.

In this review we will try to discuss about effects
of thoracic sympathic blockade on each organ
systems, focusing specially on cardivascular and
respiratory physiology.
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General Anatomy and Physiology

The preganglionic fibers of sympathetic nervous
system originate in the intermediolateral gray col-
umn of the 12 thoracic and the first three lumbar
segments of the spinal cord. The myelinated
axons of these nerve cells leave the spinal cord
with motor fibers, and than enter one of paraver-
tebral ganglia. As the preganglionic fibers are
composed of myelinated and thin fibers, they are
more susceptible to local anaesthetics than fibers
transmitting sensorial impulses.

The first four or five thoracic spinal segments gen-
erate preganglionic fibers to form superior cervi-
cal, middle cervical and stellate ganglia which
provide sympathetic innervation head, neck,
upper extremities, heart and lungs. Afferent pain
fibers also travel with these nerves for chest, neck
or upper extremity pain with myocardial
ischemia. Activation of sympathetic nervous sys-
tem produces a diffused physiologic response
(mass reflex) rather than discrete effects. One pre-
ganglionic fiber influences a larger number of
postganglionic neurons dispersed to many
organs. The sympathetic nervous system
response is aggravated by hormonal release of
epinephrine. TEA produces a sympathetic block-
ade at least at same extent to sensorial block.

Cardiac and Circulatory Effects

Sympathetic blockade by high thoracic epidural
anaesthesia has the potential for blocking cardiac
afferent and efferent fibers, originating from the
first to fourth thoracic levels. The perception of
cardiac pain and angina is mediated via sympa-
thetic afferent nerves. Sympathetic stimulation
results in an increase in heart rate, cardiac output
and systemic vascular resistance. Excessive sym-
pathetic activation by surgical stress has been
demonstrated to increase myocardial oxygen
demand, while inducing coronary arterial vaso-
constriction. Clinical features of myocardial
ischemia such as ST changes, angina and dys-
rhythmias may be seen in whole perioperative
period. Postoperative hypercoagulable state,
another component of stress response which will
be discussed later, contributes furthermore to
coronary artery thrombosis. However TEA with
local anaesthetic blunts these adverse effects of
neurohumoral response by blocking selectively
cardiac sympathetic fibers.

Coronary blood flow after TEA was investigated
in patients with ischemic heart disease (Blomberg



1990). Endocardial to epicardial blood flow was
improved, so that regional distribution of perfu-
sion is optimized. TEA also decreases major com-
ponent of myocardial oxygen demand, as it
decreases heart rate. In animal models TEA
reduced infarct size during coronary occlusion

(Groban 1999).

Moreover TEA has been used in the treatment of
refractory angina. In a study by Olausson et al.,
patients with thoracic epidural anaesthesia had
both a lower total number of ischaemic periods
and a shorter duration of ischaemic periods, as
measured by Holter electrocardiogram (ECG),
than the standard intravenous treatment group
(Olausson 1997). TEA has gained interest in car-
diac surgery as it offers improved analgesia, blunt-
ed stress response, optimized coronary blood
flow, reduced myocardial oxygen demand,
decreased pulmonary complications and faster
recovery. Recent studies in open heart surgery-
and specially in coronary bypass grafting (CABG)-
report improved myocardial structure and left
ventricular function after CABG, with lower tro-
ponin T and I levels in patients with high TEA is
combined to general anesthesia (Berendes 2003,

Loick 1999).

Liu et al. in their excellent meta-analysis investi-
gated effects of TEA on outcome in CABG (Liu
2004). They reported early extubation, decreased
incidence of postoperative dysrhytmias and sig-
nificantly decreased pulmonary complications
with TEA-general anesthesia combination. How-
ever there was no significance on mortality, nor
on myocardial infarction (MD); they thought larger
randomized-controlled studies were required in
order to detect mortality or MI and to completely
assess potential benefits of TEA.

Atrial fibrillation and tachycardia are common
after cardiac and thoracic surgery. As local anaes-
thetic use in thoracic epidural level reduces over-
all sympathetic tone and blocks cardiac accelera-
tor fibers, risk of dysrythmia is decreased with
general anesthesia-TEA combination (Berendes
2003). Thus significantly reduced incidence of
supraventricular tachycardias after both cardiac
surgery and pulmonary resection (Liu 2004, Oka
200D).

Major concern in widespread use of TEA was
severe hypotension due to extensive vasodilation
with  subsequent functional hypovolemia.
Intravascular volume resuscitation and vasopre-
sors can be prefered in the treatment of TEA-
induced hypotension. On the other hand fluid

overload must be avoided in pulmonary resection
surgery such as pneumonectomy. Casalino used
TEA in CABG surgery, hypotension incidence was
less than 20% with 0.5% bupivacaine and was
easily corrected with low dose vasopressor. He
stated that female sex, use of calcium channel
blockers and body mass index were associated
risk factors (Casalino 20006). Neal investigated
effects of TEA on outcome in eshophagus surgery
and concluded that utilization of vasopressor was
not needed despite of fluid restriction (Neal
2003).

In conclusion, the selective blockade of cardiac
sympathetic innervation by TEA may improve the
balance of oxygen supply and demand in the
ishaemic myocardium with heart rate control,
dilation of stenotic coronary arteries and also
improving left ventricular function.

Pulmonary Effects

Reduction in functional residual capacity (FRC)
after major abdominal and thoracic surgery is a
well known change with general anaesthesia, and
lasting for a week. Adequate analgesia is not only
contributing factor to prevent respiratory compli-
cations, other factors like preservation of
diaphragmatic function, early extubation, reduc-
ing risk of atelectasis and pneumonia, early
mobilization must be considered.

Impairment of pulmonary function is most often
investigated in thoracic surgery. Cranial move-
ment of diaphragm, alterations of the shape of the
thorax, development of atelectasis and redistribu-
tion of intrathoracic blood volume are accepted
mechanisms of postoperative respiratory dysfunc-
tion. One lung ventilation (OLV) during surgery
may potentially worsen clinical course.

The role of epidural anaesthesia on diaphragmat-
ic function is explained by blocking inhibitory
reflexes; thoracic epidural block causes also
inreased FRC due to caudad motion of diaphragm
(Warner 1996). Use of iv or epidural opioids has
no effect on diaphragm function. In addition, an
increase in chest wall tone and decreased chest
wall compliance secondary to spinal reflex arc
and pain are both blunted by TEA (Moraca 2003).

In large meta-analysis with unhomogenous
surgery population, adding epidural anesthesia to
general anaesthesia results always in a decreased
extubation time (Guay 20006, Moraca 2003,
Ballantyne 1998) and usually reduced pulmonary
complications (Guay 2006, Moraca 2003). Another
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meta-analysis including only CABG patients
reported faster extubation and less respiratory
complication with thoracic epidural blockade (Liu
2004).

TEA may change lung volumes owing to its effect
on intrathoracic blood volume. The filling of pul-
monary vessels is passive and is not influenced by
sympathetic efferents. Experimental and clinical
studies have demonstrated an increased FRC and
decreased intrathoracic blood  volume
(Hachenberg 1999). The experimental studies
investigating effects of TEA on hypoxic pul-
monary vasoconstriction have contradictory
results (Kozian 2005). Prospective clinical obser-
vation demostrated that TEA-general anesthesia
combination did not affect arterial oxygenation
and shunt fraction during OLV (Kozian 2005).
Corresponding to previous clinical reports, we did
not observed an increased shunt in patients with
TEA comparing to general anaesthesia group dur-
ing OLV (Ozcan 2007).

Some anaesthesiologists worry about motor
blockade of intercostal muscles after TEA in
patients with limited pulmonary reserve. A
decline in vital capacity (VC) can be seen after
TEA in the presence of extensive epidural block-
ade with the use of higher concentration of local
anaesthetic. Looking at overall lung function, con-
cerns about ventilation/perfusion mismatch with
TEA has still not been proven (Groeben 20006).
TEA with sensory blockade up to midcervical
level causes siginificant reduction in VC and
forced expiratory volume. However thoracic
epidural block with relatively low concentration
of local anesthetic has been found safe even in
patients with severe chronic obtructive pulmonary
disease (Gruber 2001). In subjects with bronchial
hyperreactivity who constitues another risk popu-
lation for high thoracic epidural blockade, TEA
seemed to attenuate bronchial reactivity rather
than to increase it, probably due to systemic
effects of local anesthetics (Groeben 2006).

Effects on Stress Response

The stress response to surgery initiates a cascade
of physiologic and metabolic events. This
response begins with initiation of general anes-
thesia and lasts for days postoperatively. The
release of cytokines and neuroendocrine media-
tors, catabolic state, immuncompromise, fever,
increased oxygen consumption, hypermetabo-
lism, altered carbohydrate metabolism are well
known components of this survival process.
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However long-lasting and inadequate periopera-
tive stress may easily increase postoperative car-
diac, vasculary and infectious morbidities. The
modulation of neurohumoral response is essential
in high risk patients to decrease these morbidities
(Waurick 2005).

Since the major initiation of the endocrine activa-
tion comes from afferent stimuli, blocking these
impulses may modify endocrine responses.
Single-dose neural blockade, applied as either
intraoperative epidural or spinal anaesthesia has
only a transient stress reducing effect without pro-
longed endocrine or metabolic effects. Thus it is
preferable to continue epidural blockade for 24-
48 hours postoperatively (Holte 2002).

Generally lumbar epidural block is sufficient in
lower body procedures to blunt stress response.
TEA is needed in abdominal surgery and may still
be partially effective in upper body procedures in
the presence of conribution of other reflexes
(usually phrenic nerve) or concomitant hypothal-
amic stimulation (Segawa 1996). Furthermore
appropriate blockade is only achieved by local
anaesthetics.

TEA improved succesfully tissue perfusion and
subcutaneous oxygen tension even outside of the
sympathetic block in abdominal surgery patients
(Kabon 2003, Buggy 2002). TEA has also been
shown to attenuate stress response by a suppres-
sive effect on whole-body lipolysis after colorec-
tal surgery (Lattermann 2002). Maximal cate-
cholamine and cortisol levels were found to be
lower in patients with neuroaxial blockade in a
very recent meta-analysis; maximal blood glucose
levels were similarly well controlled with epidur-
al block indicating successful modulation of neu-
rohumoral response (Ballantyne 1998).

Coagulation

Thromboembolic events in the postoperative peri-
od have been linked to the hypercoagulable state
initiated during surgery. The primary contributors
to this pro-thrombotic state are a reduction in
venous blood flow secondary to positive pressure
ventilation, neuromuscular blockade, and activa-
tion of the sympathetic system. Effects of sympa-
thetic stimulation on coagulation has been
demonstrated many years ago; it produces signif-
icant increases in factor VIII, von Willebrand fac-
tor; and also inhibits fibrinolysis through PAI-1,
decreases antithrombin III and initiates platelet
aggregation (Bredbacka 1986). Epidural anaesthe-



sia attenuates the hypercoagulable perioperative
state and decreases thromboembolic complica-
tions by blunting the neurohunoral response and
improving lower extremity blood flow (Modig
1983). In addition, the systemic absorption of
local anaesthetics, improved pain control, and
early mobilization likely decrease the incidence of
clot formation. Blunting the sympathetic response
is associated with demonstrable effects on the
coagulation cascade, with normalization of both
factor VIlI-and von Willebrand factor and also
with decreases in PAI-1, and an increased
antithrombin TIT (Moracca 2003).

This hypercoagulable process has more severe
risk for patients with coronary artery disease. The
normal arterial smooth muscle responds to sym-
pathetic stimulation with vasodilatation, however
atherosclerotic coronary bed responds with vaso-
constriction. The loss of endothelial cell integrity
is important in aetiology, similarly loss of vasodi-
latatory capacity and abnormal release of media-
tors have their role in pathogenesis. The release
of serotonin originating from platelet activation
sites (at high turbulence areas), is also associated
with atherosclerotic coronary bed. The successful
ablation of sympathetic constriction is accom-
plished mostly by TEA (Williams 1999).

In a recent meta-analysis with very large popula-
tion, neuroaxial blockade was found to improve
patients survival (Rodgers 2000). Altered coagula-
tion was accepted as one of major benefits of cen-
tral neural blocks. This led to reduced deep
venous thrombosis, pulmonary embolism,
myocardial infarction. Kehlet stated in his large
meta-analysis significant decrease in thromboem-
blic complications in lower abdominal and lower
extremity surgeries with epidural analgesia-gener-
al anaesthesia combination. Interestingly in lower
abdominal surgery neuraxial analgesia failed to
decrease incidence of thromboembolic events.
TEA had less significant effect on lower extremity
and deep pelvis blood flow, local anaesthetics
were not used in some of studies and early mobi-
lization —one of major advantage of epidural anal-
gesia- was not obtained (Kehlet 2001).

Adding central neural blockade to general anes-
thesia is an attractive alternative in  patients
undergoing major operations -and specially for
vascular surgery- as it provides improvement in
venous blood flow, attenuation of the sympathet-
ic response to surgery, anticoagulant properties of
local anesthetics, early mobilisation and ability to
lower blood pressure values.

10

Gastrointestinal Function

In high-risk surgical patients, gastrointestinal
hypoperfusion is associated with increased mor-
bidity and mortality. Hypoperfusion causes a redi-
rection of blood flow away from the splanchnic
organs because of increased sympathetic activity
or impaired blood flow distribution within the
microvascular networks. Splanchnic hypoperfu-
sion often leads to increased mucosal permeabili-
ty, endotoxaemia and multiple organ failure. To
achieve splanchnic sympathetic blockade high
lumbar or thoracic epidural anesthesia is needed.

In numerous recent studies, the epidural infusion
of regional anaesthetic agents during and after
major surgery has been shown to protect the gut
from decreased microvascular perfusion and to
decrease the time to the return of gastrointestinal
function (Neal 2003, Carli 2002).

The time to the first bowel movement after
surgery was significantly shortened by using TEA
combined with general anaesthesia (Kozian 2005,
Moracca 2003). The main mechanism seems to be
a block of the nociceptive afferent fibres and the
thoracolumbar sympathetic efferent fibres, with
unopposed parasympathetic efferent fibres. TEA
can enhance bowel motility not only by produc-
ing pain relief and lessening the systemic stress
response, but also by creating a sympathectomy,
resulting in unopposed parasympathetic innerva-
tions to the gut. Sympathetic stimulation, pain,
opioids, nitrous oxide, inhalation anesthetics, and
increased endogenous catecholamines all con-
tribute to postoperative ileus, and all are blunted
or blocked in patients treated with perioperative
TEA.

To optimize recovery of gastrointestinal system
the epidural must be placed and activated prior to
the surgical stress and nociceptive afferent stimu-
lation, the epidural catheter should include the
T5-L2 dermatomes, and the solution administered
into the catheter should include local anesthetics
to affect a sympathetic blockade of the gut, the
epidural local anesthetics need to be administered
postoperatively until bowel function returns (usu-
ally 2-3 days) to achieve the full benefits of the
technique (Moracca 2003).

Immune Response

Immuncompromise after surgery is a well known
and frequently seen in practice as increased ten-
dency to infection or progression of malignancies
(de Leon-Casasola 1996). The aetiology has still
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not been elucidated but stress response with
inhalation anaesthetics and iv opioids have been
considered to have major part in the process.
Reports about postoperative immunity investigat-
ed wusually lymphocyte function or cytokine
release. Recent papers declared that comparing
with iv opioid neuroaxial block was a better alter-
native to preserve lymphocyte activity and to
block to some extend an increase in cytokines
such as interleukins even in trauma patients (Volk
2004, Beilin 2003, Moon 1999). Authors stated in
concensus that effects of central blocks on
immune system could be explained by success-
fully blunted surgical stress response.

It is certainly difficult to assess postoperative
immune system function, but few reports are
promising and deserve more interest for anesthe-
siologists in near future.

Outcome

TEA is considered to be gold standard after major
thoracic surgery and recommended for major
abdominal procedures. The synergistic effect of
local anaesthetic and opioids combination is well
known and it provides better analgesia during
activity. The use of combination may reduce the
dose related adverse effects of either agent alone.
Epidural anaesthesia is particularly effective at
providing dynamic analgesia, early mobilization
and rapid functional recovery. The probable ben-
efits of TEA include the attenuation of cardiac
complications, an earlier return of gastrointestinal
function and decreased respiratory dysfunction
with early extubation.

Although faster extubation with reduced pul-
monary function, modulation of stress response
with control of hypercoagulable state, decreased
incidence of dysrhytmias are common in recent
metaanalysis, signficant decrease in mortality and
hospital stay has still not shown (Guay 2000, Liu
2004). Waurick and Liu pretended larger meta-
analysis were needed to detect any major mor-
bidity and to comment significant benefits
(Waurick 2005, Liu 2004). The standardization of
studies in terms of timing of blockade, drugs
applied, endpoints, etc. It is essential to use ade-
quate dose or level for appropriate surgery and
patient, to define “pre-emptive” analgesia, to
decide when to stop postoperative analgesia and
to select a multimodal strategy according to
patient.
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Conclusion

In a very recent metaanalysis, Liu and Wu report-
ed that -in contrast to common considerations and
also to the findings reviewed above- there was no
current evidence that any method of postopera-
tive analgesia, including the epidural analgesia,
has any clinically significant beneficial effect on
postoperative complications (Liu 2007). They con-
cluded, however, that this was primarily due to
typically insufficient subject numbers to detect
any differences, ot due to a “proven insufficiency”
of any analgesic method on postoperative com-
plications. As a matter of fact, anesthesiologists
still tend to focus “only” on the effect on pain
control of different analgesic methods, which
leads to a much less number of studies investigat-
ing the “other” beneficial effects of analgesia. In
this manner, TEA is a method which has been
examined relatively more, compared to other
analgesic methods. As reviewed in this lecture,
TEA actually serves much more than “just pain
control”. Some of these non-analgesic effects are
analgesia-associated, as some are totally indepen-
dent of analgesia. Most of the findings have been
reported with the application of pure local anaes-
thetics or their combination with other drugs (opi-
oids, alpha agonist, etc). Whether applications
containing no local anaesthetic have also similar
non-analgesic beneficial effects, needs also to be
investigated.

TEA (with local anesthetics), performed alone or
combined with general anesthesia, is not only the
method of choice for postoperative analgesia in
many operations, it also obtains a large number of
other, non-analgesic advantageous effects.

References

Ballantyne JR, Carr DB, de Ferranti S: The comparative effects of
postoperative analgesic therapies on pulmonary outcome.
Anesth Analg 1998, 86: 598: 612.

Beilin B, Shavit Y, Trabekin E et al.: The effects of postoperative pain
management on immune response to surgery. Anesth Analg
2003; 97: 822-827.

Berendes E, Schmidt C, Van Aken H: Reversible cardiac sympa-
thectomy by high thoracic epidural anesthesia improves regional
left ventricular fuction in patients undergoing coronary bypass
grafting. Arc Surg 2003; 138: 1283-1290.

Borg T, Modig J: Potential antithrombotic effects of local anaesthet-
ics by there inhibition of platelet aggregation. Acta Anaesthesiol
Scand. 1985; 29: 739-742.

Bredbacka S, Blomback M, Hagnevik K et al.: Pre- and postoperative
changes in coagulation and fibrinolytic variables during abdomi-

11



nal hysterectomy under epidural or general anesthesia. Acta
Anaesthesiol Scand. 1986; 30: 204-210.

Blomberg S, Emanuelsson H, Kvist H et al.: Effects of thoracic
epidural anesthesia on coronary arteries and arterioles in patients
with coronary artery disease. Anesthesiology 1990; 73: 840-847.

Buggy D, Warren L, Heart E, Pallet E: Postoperative wound oxygen
tension with epidural or intravenous analgesia. Anesthesiology
2002, 97: 952-958.

Carli F, Mayo N, Klubien K: Epidural analgesia enhances functional
exercise capacity and health-related quality of life after colonic
surgery: results of a randomized trial. Anesthesiology 2002; 97:
540-549.

Casalino S, Mangia F, Stelian E, Novelli E, Diena E: High thoracic
epidural anesthesia in cardiac surgery. Tex Heart Inst J 2006; 33:
148-153.

Crawford OB, Brasher C, Buckingham WW: Peridural anesthesia for
thoracic surgery. Anesthesiology 27: 241, 1957.

de Leon-Casasola OA: Immunomodulation and epidural anesthesia
and analgesia. Reg Anesth. 1996; 21(6S): 24-25.

Griffiths DPG, Diamon AW, Cameron JD: Postoperative extradural
analgesia following thoracic surgery. Br J Anaesth 47: 48, 1975.

Groban L, Zvara DA, Deal DD, Vernon JC, Carpenter RL: Thoracic
epidural anesthesia reduces infarct size in a canine model of
myocardial ischemia and reperfusion injury. J Cardiothorac Vasc
Anesth. 1999 Oct; 13(5): 579-585.

Groeben H: Effects of thoracic epidural anesthesia and local anes-
thetics on bronchial hyperreactivity. J Clin Monit 2000, 16: 457-
403.

Groeben H: Epidural anesthesia and pulmonary funtion. J Anesth
2006, 20: 290-299.

Gruber EM, Tshernko EM, Kritzinger M, Deviatko E: The effects of
thoracic analgesia with bupivacaine %0.25 on ventilatory
mechanics in patients with severe chronic obstructive pulmonary
disease. Anesth Analg 2001, 92: 1015-1019.

Guay J: The benefits of adding epidural analgesia to general anes-
thesia: a metaanalysis. J Anesth 2006; 20: 335-340.

Hachenberg T, Pfeiffer B: Use of thoracal epidural anesthesia for
thoracic surgery and its effect on pulmonary function. In: Van
Aken H and Rolf N, editors. Thoracic Epidural Anesthesia. Best
Practice and Research Clinical Anesthesiology. Vol 13. Baillere’s
Harcourt, 1999; 57-72.

Holte K, Kehlet H: Epidural analgesia and anesthesia: effects on
stress surgical responses and implications for postoperative
nutrition. Clinical Nutrition 2002, 21: 199-206.

Kabon K, Fleischman E, Treschan T: Thoracic epidural anesthesia
increases tissue oxygenation during major abdominal surgery.
Anesth Analg 2003, 97: 1812-1817.

Kehlet H, Holte K. Effect of postoperative analgesia on surgical out-
come. Br J Anaesth 2001, 87: 62-72.

Kozian A, Schilling T, Hachenberg H: Nonanalgesic effects of tho-
racic epidural anesthesia. Current Opininon in Anesthesiology
2005, 18: 29-34.

Latterman R, Carli F, Schriker T: Epidural blockade suppressess lipol-
ysis during major abdominal surgery. Reg Anesth Pain Med. 200,
27: 469-475.

12

Loick H.M, C. Schmidt and Van Aken H, Junker R, Erren M,
Berendes E, Rolf N, Meissner A, Schmid C, Scheld HH, Mollhoff
T: High thoracic epidural anesthesia, but not clonidine, attenu-
ates the perioperative stress response via sympatholysis and
reduces the release of troponin T in patients undergoing coro-
nary artery bypass grafting. Anesth Analg 1999; 88: 701-709.

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

Liu SS, Block BM, Wu CL: Effects of central neuroaxial analgesia on
outcome on coronary artery bypass surgery: a metaanalysis.
Anesthesiology 2004; 101: 153-161.

Modig J, Borg T, Bagge L et al.: Role of extradural and of general
anesthesia on fibrinolysis and coagulation after total hip replace-
ment. Br J Anaesth. 1983; 55: 625-629.

Moon MR, Luchette FA, Gibson SW Crews J, Sudarshan G, Hurst JM,
Davis K Jr, Johannigman JA, Frame SB, Fischer JE: Prospective,
randomized comparison of epidural versus parenteral opioid
analgesia in thoracic trauma. Ann Surg 1999; 229: 684-691.

Moraca RJ, Sheldon DG, Thirlby RC: The Role of Epidural Anesthesia
and Analgesia in Surgical Practice. Ann Surg 2003, 238: 663-673.

Neal JM, Wilcox RT, Allen HW, Low DE: Near-total esophasectomy:
influence of standardized multimodal management and intraop-
erative fluid restriction. Reg Anesth and Pain 2003, 28: 328-334.

Oka T, Ozawa Y, Okhubo Y: Thoracic epidural bupivacaine attenu-
ates supraventricular tachyarrhytmias after pulmonary resection.
Anesth Analg 2001; 93: 253-259.

Olausson K, Magnusdottir H, Lurje L: Anti-ischemic and anti-anginal
effects of thoracic epidural anesthesia versus those of conven-
tional medical therapy in the treatment of severe refractory
unstable angina pectoris, Circulation 1997, 96: 2178-2182.

Ozcan PE, Senturk M, Ulke ZS, Toker A, Dilege S, Ozden E, Camci
E: effects of thoracic epidural anaesthesia on pulmonary venous
admixture and oxygenation during one-lung ventilation.
Accepted for publication in Acta Scan Anesth.

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 randomized trials. Br Med
J. 2000; 321: 1493-1497.

Segawa H, Mori K, Kasai K, Fukata J, Nakao K: The role of the
phrenic nerves in stress response in upper abdominal surgery.
Anesth.Analg. 1996; 82: 1215-1224

Volk T, Schenk M, Vogt K et al.: Postoperative epidural anesthesia
preserves lymphocyte, but monocyte, immune function after
major spine surgery. Anesth Analg 2004; 98: 1086-1092.

Waurick R, Van Aken H: Update in thoracic epidural analgesia. Best
Pract Res Clin Anaesthesiol. 2005 Jun; 19(2): 201-213.

Warner DO, Warner MA, Ritman, EL: Human Chest Wall Function
during Epidural Anesthesia. Anesthesiology 1996, 85: 761-773.

Williams JP, Sullivan EA, Ramakrishna: Effects of thoracal epidural
anesthesia for thoracic surgery and its effect on the coagulation
system. In: Van Aken H and Rolf N, editors. Thoracic Epidural
Anesthesia. Best Practice and Research Clinical Anesthesiology.
Vol 13. Baillere’s Harcourt, 1999; 31-56.

Agry, 19:2, 2007



