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Thoracic Epidural Anesthesia

More than Just Anesthesia/Analgesia

SPLANCHNIC hypoperfusion following low systemic
perfusion due to trauma, hemorrhage, or circulatory
shock is thought to form part of the host response to
these types of injury. At the level of the microcirculation,
hypoperfusion may result either from redirection of
blood flow away from the splanchnic organs, mediated
by increased sympathetic activity, or from impaired
blood flow distribution within the microvascular net-
works. Because splanchnic hypoperfusion is considered
to be important in the development of increased muco-
sal permeability, endotoxemia, and organ failure, the
adequacy of gastrointestinal perfusion has become a
major concern in high-risk surgical and critically ill pa-
tients.1 The importance of this concept is further em-
phasized by the observation that gastrointestinal hypo-
perfusion is also associated with increased mortality
rates in such patients.2,3

In the current issue of ANESTHESIOLOGY, Adolphs et al.
report the results of a carefully conducted experimental
study on the effects of thoracic epidural block on gut
microvascular blood flow in a hemorrhage model in
rats.4 The authors clearly demonstrate that thoracic epi-
dural anesthesia (TEA) protected the gut from decreased
microvascular perfusion and from increased leukocyte–
endothelium interaction associated with insults due to
hemorrhage/retransfusion. With regard to the effect of
TEA on microvascular perfusion, most of the benefit was
observed in the muscularis layer. Because sympathetic
nerve fibers were detected in all layers of the gut except
the mucosa, the authors argue that the favorable effects

of TEA on the microvascular perfusion of the muscularis
layer must be explained primarily by the effects of the
sympathetic block.

One important issue in the effect of TEA on splanchnic
perfusion is the location of the epidural block. A com-
plete sympathetic block in the splanchnic region is
achieved only if the spread of the local anesthetic in-
cludes the thoracic sympathetic nerve fibers, which ex-
tend from T5 to T10. On the other hand, the epidural
blockade of lumbar segments results in increased sym-
pathetic activity in the splanchnic nerves due to a
baroreceptor drive.5

Others have performed studies in the area. Ai et al.
measured intramucosal pH in the ileum of rabbits to
determine the effects of TEA (catheter tip at T8–10)
during progressive hypoxia to an inspired oxygen frac-
tion of 0.1.6 In their study, TEA slowed the progression
of intestinal ischemia during hypoxia and conferred pro-
tection against an increase in portal endotoxin concen-
trations. Meissner et al. studied the effects of high tho-
racic epidural block (T1–5) on splanchnic blood flows
using the microsphere technique in dogs.7 The thoracic
block did not alter blood flow to the splanchnic organs
in the study, but the splanchnic sympathetic nerves
were not included in the epidural block. In another
study, by Sielenkämper et al., intravital microscopy was
used to measure gut mucosal blood flow in the ileum of
rats during TEA (catheter tip at T7–9).8 It was found that
TEA increased mucosal blood flow and reduced irregular
flow patterns such as stop-and-go flow in the capillary
networks of the gut mucosa.

There is some supporting clinical information. In two
studies, the effects of TEA in patients undergoing major
abdominal surgery were determined using gastric
tonometry.9,10 Both studies found that TEA prevented a
decrease in intramucosal pH during surgery; however, in
one study the exact location of the epidural block was
not given.9 Mallinder et al. studied the effect of TEA
(block T5–T11) on gastrointestinal blood flow in pa-
tients undergoing colorectal surgery.11 These authors
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observed no beneficial effect of TEA on mucosal PCO2,
intramucosal pH, or the PCO2 gap. However, at all times,
and independently of the type of anesthesia, parameters
for mucosal perfusion were all within normal levels in
most of the patients, thus suggesting that no mucosal
hypoperfusion was present.11 Two other studies re-
ported the effects of epidural anesthesia on intramucosal
gastric pH during aortic reconstruction surgery.12,13 No
beneficial effects of epidural anesthesia on intramucosal
gastric pH were observed, but measurements were per-
formed in the stomach, whereas the epidural catheters
were placed at L3–4 and T9–10, respectively. Therefore,
it seems that in these two studies the epidural block did
not necessarily include the upper splanchnic organs in
which the effect of the intervention was measured.12,13

In all of the experimental and clinical studies men-
tioned above, investigators who reported evidence of
improved gastrointestinal perfusion associated with epi-
dural anesthesia usually performed measurements
within the region of the epidural block,6,8,10 whereas
those who did not observe beneficial effects most likely
conducted the measurements outside this area.7,12,13 It
therefore seems that the current literature on this topic,
although limited in extent, supports the view that a
beneficial effect of epidural anesthesia on splanchnic
blood flow can be expected only when care is taken to
block the sympathetic nerve fibers that supply the
splanchnic region.

Inasmuch as TEA does not increase cardiac output, the
question is whether the effects of sympathetic block on
splanchnic blood flow are due to a redistribution of
blood flow within the splanchnic organs, or to an effect
of TEA to increase the proportion of flow directed to
these organs. Adolphs et al. observed a preferential im-
provement of blood flow toward the muscularis layer in
their preparation. Because the gut mucosa lacked sym-
pathetic innervation, the authors postulate that the sym-
pathetic block was followed by a redistribution of flow
within the gut wall.4 However, no direct evidence for
this assumption is provided. In contrast to the work of
the current authors, other investigators have reported an
improvement in mucosal perfusion, both in experimen-
tal6,8 and clinical9,10 studies on TEA, thus arguing against
a redistribution of blood flow away from the mucosa.

In an experimental study in rabbits, the epidural block-
ade of splanchnic sympathetic nerve fibers increased the
diameter of venous capacitance vessels in the splanchnic
region, whereas a lumbar epidural block was associated
with reflex vasoconstriction of splanchnic vessels.14 Al-
though changes in organ blood flow were not measured
in absolute values, these observations suggest that a
segmental epidural block will probably result in blood
flow redistribution in favor of those organs within the
sympathetic block and away from regions in which re-
flex vasoconstriction occurs.

The possibility cannot be excluded that TEA induces

quite complex hemodynamic changes—for example, by
affecting the blood flow distribution both within and
between organs. TEA also decreases endocrine meta-
bolic responses and reduces the extent of sympathetic
activity via a reduction in plasma catecholamine lev-
els.15,16 It is possible that in addition to the segmental
block of sympathetic nerve fibers, the decrease in
plasma catecholamine levels attenuates a stress-related
distribution of flow away from the splanchnic region. In
addition, as discussed by Adolphs et al., the possible
effects of absorbed local anesthetic must be considered.4

The bottom line is that, currently, in view of the few
published studies on this topic, the precise mechanisms
underlying the effects of TEA on splanchnic blood flow
remain unclear.

Another interesting finding of the study by the present
authors is the observation that TEA prevented leuko-
cyte–endothelium interactions caused by ischemia–
reperfusion injury following hemorrhage and retransfu-
sion. Although the possibility cannot be excluded that
augmented hydrostatic forces, attributable to a higher
microvascular flow rate, or antiinflammatory effects of
absorbed local anesthetic, are partly responsible for the
reduction in leukocyte adhesion, this finding could im-
ply that TEA inhibited the inflammatory response to
hemorrhage and retransfusion because of improved
blood flow and a reduced extent of ischemia.

Other authors have reported that TEA protected
against bacterial translocation when progressive hypoxia
was used to establish splanchnic ischemia in rabbits.6 In
critically ill patients with peritonitis, epidural analgesia
using bupivacaine improved gastric mucosal perfusion
and gut function in comparison with a control group of
patients in whom morphine was given to provide anal-
gesia.17 In view of these findings, it is tempting to pos-
tulate that TEA may not only be useful to prevent gut
ischemia, but it could also be beneficial to protect
against ischemia- or infection-related inflammatory re-
sponses originating from the splanchnic region. It is an
open question whether TEA might be capable of being
used as an added therapeutic approach to prevent the
exacerbation of systemic inflammatory processes—for
example, in sepsis or acute pancreatitis. In both sepsis
and acute pancreatitis, gut mucosal hypoperfusion is a
typical finding and is regarded as being important in the
development of multiorgan failure.18,19 Mesenteric vaso-
dilation using TEA could be useful for preventing tissue
injury, especially in conditions in which catecholamine
therapy aggravates vasoconstriction in the splanchnic
region.20

When discussing the effects of TEA on sympathetic
activity, it must be emphasized that the effects of the
sympathetic block are, of course, not restricted to the
splanchnic region. Another important effect of TEA is
the reduction of efferent sympathetic outflow to the
heart—a factor claimed to be responsible for a reduction
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in the incidence of myocardial infarction in patients
anesthetized using TEA.21

In summary, the study by Adolphs et al. is one of the
first to have shown evidence that segmental epidural
blockade may be useful in providing protection against
splanchnic hypoperfusion under the conditions of isch-
emia and reperfusion. The exact mechanisms underlying
this protection, and the potential therapeutic uses of
TEA beyond its use as an anesthetic or analgesic tech-
nique, are matters for further investigation.

Andreas W. Sielenkämper, M.D.* Hugo Van Aken, M.D. *Univer-
sity Hospital, Münster, Germany. sieland@uni-muenster.de
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