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ABSTRACT

Cardiac surgery elicits a cascade of stress responses medi-
ated by the release of various cytokines and stress hormones
[Roth-Isigkeit 1998]. Apart from the stress induced by the
surgical process, cardiopulmonary bypass (CPB) has been
documented to play a major role in the perioperative stress
response seen following cardiac surgery [Butler 1993,
McBride 1995, Hall 1997]. The imbalance in pro- and anti-
inflammatory responses may affect outcome in cardiac
surgery patients [Casey 1993, McBride 1995, Menasché
1995]. Contact of blood with the CPB circuit, along with
hypoperfusion of various organs prior to and during CPB,
may aggravate this stress response and contribute to adverse
outcomes in the perioperative period [Casey 1993, Menasché
1995, Tonnesen 1996]. Splanchnic hypoperfusion that occurs
in cardiac surgery patients [Landow 1991] can result in
increased permeability of the gut mucosal barrier, resulting in
endotoxemia and release of proinflammatory cytokines.
Lungs and kidneys play a role in sequestrating the proinflam-
matory cytokines and, in the presence of hypoperfusion, may
be damaged by these cytokines [Gilliland 1999, Liebold 1999,
Gormley 2000]. Avoiding CPB may reduce this stress
response. Anesthetic techniques such as thoracic epidural
analgesia (TEA) that improve splanchnic perfusion [Moore
1995, Kapral 1999, Ai 2001] may have a role in improving
patient outcome. It is further known that ischemic myocardi-
um can be a major source of proinflammatory cytokines
[Wan 1999a]. The cardiac sympathetic block resulting from
TEA has been shown to reduce ischemia reperfusion injury
[Blomberg 1989, Blomberg 1990, Liem 1992a, Liem 1992b,
Liem 1992c, Kirno 1994, Stenseth 1994].

Beating heart surgery done without the aid of CPB signifi-
cantly attenuates cytokine and stress response [Brasil 1998,
Fransen 1998, Gu 1998, Wan 1999b, Ganapathy 1999a,
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Ganapathy 2000a]. There is reduced renal dysfunction fol-
lowing beating heart surgery [Ascione 1999], which may be
related to reduced proinflammatory cytokine surge. Thoracic
epidural analgesia inhibits intraoperative cortisol as well as
catecholamine surge but does not add further to the reduc-
tion in cytokine response [Ganapathy 1999b].

INTRODUCTION

Cardiac surgery performed with the aid of cardiopul-
monary bypass (CPB) is associated with a well-defined stress
and cytokine response [Butler 1993, McBride 1995, Hall
1997]. Apart from the use of CPB, a number of factors con-
tribute towards this response, including surgical trauma and
general anesthesia. While the stress response plays a major
role in initiating the catabolic state that follows surgery,
such as alteration in substrate utilization [Carli 2000], mus-
cle breakdown, hyperglycemia [Schricker 1999, 2000a,
2000b], and altered immune function [Tonnesen 1987], the
cytokine response contributes to end organ dysfunction
[Casey 1993, Menasché 1995, Tonnesen 1996, Gilliland
1999, Liebold 1999, Gormley 2000]. Prior to and after the
initiation of CPB, there is alteration in perfusion of various
organs such as the intestines, kidneys, brain, and the
myocardium resulting in cellular ischemia. This results in
ischemia of various organs, and ischemia reperfusion injury
plays a role in the activation of a stress response cascade.
The major changes, for the most part, occur upon initiation
of CPB. Therefore, if we avoid CPB, could we modulate the
stress and cytokine response to cardiac surgery? Additional-
ly, can anesthetic techniques such as thoracic epidural anal-
gesia (TEA) contribute further towards improved stress
reduction and outcome?

Pathophysiology of Inflammatory Response

Patients undergoing cardiac surgery may have ischemia of
various organs, such as the heart and gut. There is also con-
tact of blood with the CPB circuit, a foreign surface. During
CPB, pulmonary blood flow is mainly through the bronchial
arteries, resulting in reduced pulmonary blood flow. A num-
ber of these events result in endotoxemia [Anderson 1987].
The activity of endotoxin is magnified several-fold by the
plasma lipopolysaccharide binding protein [Schumann
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Figure 1. IL-6 response (mean+SD) in patients undergoing cardiac
surgery using CPB vs. off-pump. Values are expressed in
picograms/mL. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, CPB/rel clamp = initiation of CPB or
release of coronary clamp in off-pump, Closure = closure of chest,
POD1 = postoperative day 1.

1990]. This complex binds to CD14 on the
macrophage/monocyte and initiates production of proin-
flammatory cytokine TNFa, which is accompanied by acti-
vation of polymorphonuclear cells, platelets, and monocytes.
The intracellular adhesion molecules released by the
endothelial cells facilitate margination of these activated cells
that eventually degranulate, undergo lysis, and release the
cytokines both locally and into the circulation. Ischemia
reperfusion injury and splanchnic hypoperfusion may aug-
ment this response. This response is followed by the release
of anti-inflammatory cytokines such as IL10, IL-1ra, and
IL12 in the postoperative period, which is a host response
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Figure 2. TNFa response (mean+SD) in patients undergoing cardiac
surgery using CPB vs. off-pump. Values are expressed in
picograms/mL. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, CPB/rel clamp = initiation of CPB or
release of coronary clamp in off-pump, Closure = closure of chest,
POD1 = postoperative day 1.
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Figure 3. IL-8 response (mean+SD) in patients undergoing cardiac
surgery using CPB vs. off-pump. Values are expressed in
picograms/mL. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, CPB/rel clamp = initiation of CPB or
release of coronary clamp in off-pump, Closure = closure of chest,
POD1 = postoperative day 1.

[Butler 1993, McBride 1995]. The balance of pro- and ant-
inflammatory cytokines may play a role in postoperative out-
come [Casey 1993, Menasché 1995, Hall 1997]. Because kid-
neys and lungs play a role in the elimination of these
cytokines, they may become damaged in the process, result-
ing in pulmonary and renal insufficiency in the postoperative
period [Landow 1991, Tonnesen 1996, Liebold 1999, Mas-
soudy 1999]. The major surges of cytokines occur upon initi-
ation of CPB. A number of therapeutic interventions have
been explored, such as the use of heparin-bonded CPB cir-
cuits, steroids, pentoxyphylline, aprotinin, ketamine, and uli-
nastatin. It is logical to assume that avoidance of CPB would
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Figure 4. IL-10 response (mean+SD) in patients undergoing cardiac
surgery using CPB vs. off-pump. Values are expressed in
picograms/mL. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, CPB/rel clamp = initiation of CPB or
release of coronary clamp in off-pump, Closure = closure of chest,
POD1 = postoperative day 1.
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Figure 5. IL-10 response (mean+SD) in patients undergoing off-pump
CABG with and without TEA. Values are expressed in picograms,/mL.
ICB = intercostal block/general anesthesia group, TEA = thoracic
epidural analgesia. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, Rel clamp = release of coronary
clamp, Closure = closure of chest, POD1 = postoperative day 1,
POD2 = postoperative day 2.

result in reduced stress and cytokine response. However, little
is known about the cytokine response when CPB is avoided.

Benefits of TEA

Thoracic epidural analgesia (TEA) has been documented
to improve splanchnic perfusion [Kapral 1999, Ai 2001] and
reduce ischemia reperfusion injury in the myocardium as a
result of cardiac sympathectomy [Kirno 1994]. TEA also
results in pulmonary vasodilation [Garutti 1999] and thus
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Figure 6. IL-6 response (mean+SD) in patients undergoing off-pump
CABG with and without TEA. Values are expressed in picograms,/mL.
ICB = intercostal block/general anesthesia group, TEA = thoracic
epidural analgesia. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, Rel clamp = release of coronary
clamp, Closure = closure of chest, POD1 = postoperative day 1,
POD?2 = postoperative day 2.
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Figure 7. TNFa response (mean+SD) in patients undergoing off-pump
CABG with and without TEA. Values are expressed in picograms,/mL.
ICB = intercostal block/general anesthesia group, TEA = thoracic
epidural analgesia. Time points in X axis: Preop = baseline, GA = after
induction of general anesthesia, Rel clamp = release of coronary
clamp, Closure = closure of chest, POD1 = postoperative day 1,
POD?2 = postoperative day 2.

may reduce sequestration of polymorphonuclears (PMNs) as
well as facilitate washout of sequestrated PMNs. While it is
known that TEA does not modulate the cytokine and acute-
phase protein responses in patients undergoing cardiac
surgery with CPB, the role of TEA in beating heart surgery
is less defined. The major stimulus for cytokine release in the
absence of CPB is likely to be the stress response to surgery
and ischemia reperfusion injury. Ischemia may be aggravated
by the lowflow states and hypercoagulability seen in the post-
operative period [Speiss 1996]. Regional anesthesia has been
documented to result in reduced graft occlusion [Rosenfeld
1993], which has been attributed to its effect on levels of plas-
minogen activator inhibitor 1 (PAI 1). Local anesthetics in
the plasma also have been documented to play a beneficial
role in ischemia reperfusion injury [Picard 1998, Kohrs
1999]. These observations suggest that TEA should reduce
stress response and cytokine surge in patients undergoing
cardiac surgery.

Can We Modify Stress and Cytokine Response with
TEA?

Brix-Christensen et al. looked at cytokine and inflammato-
ry response to cardiac surgery done with CPB using either
high-dose opioids or a combination of TEA and low-dose
opioids [Brix-Christensen 1998]. They could not demon-
strate any difference between the groups with regard to
cytokine response. Moore et al. documented reduced cortisol
and catecholamine levels for 24 hours in patients receiving
TEA for cardiac surgery compared to general anesthesia
[Moore 1995]. Roth-Isigkeit et al. have reported a 3-to-16-
fold increase in cortisol and catecholamine following cardiac
surgery, which occurs predominantly in the postoperative
period [Roth-Isigkeit 1998]. The intraoperative stress
response was inhibited even by balanced anesthesia using
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sufentanil, isoflurane, and midazolam. Thus the role of TEA
in stress response and cytokine response in cardiac surgery
with CPB is less impressive.

Compared to cardiac surgery with CPB, surgery done
without CPB reduces cytokine surge [Brasil 1998, Ganapathy
1999a, Wan 1999a, Wan 1999b, Ganapathy 2000a]. Ganapa-
thy et al. compared the cytokine response of patients who had
minimally invasive direct coronary artery bypass (MIDCAB)
to a cohort of patients having CABG with CPB [Ganapathy
1999a, Ganapathy 2000a]. The proinflammatory cytokine
response was tenfold higher in the CPB patients upon initia-
tion of bypass than in the MIDCAB patients (Figures 1-3, @).
Ultra-sensitive assay kits had to be used to measure the
response in the MIDCAB patients, as the levels were very
low. The anti-inflammatory cytokine responses occurred ear-
lier in the MIDCAB group than in the CPB patients (Figure
4, ®). Most of the studies in this area document levels of
cytokine in the plasma, which may represent only the
spillover from the cellular and organ level where the primary
release and resultant dysfunction occur. The second caveat to
the measurement of plasma cytokine levels is the inability to
use the results as a predictive tool for complications. There is
no data in the literature describing levels of plasma cytokines
that are consistently associated with adverse outcomes.

Within the subgroup of patients having surgery without
CPB, TEA had very little effect in altering the minimal
cytokine surge seen in that group (Figures 5, 6, 7, ®). How-
ever, TEA did inhibit intraoperative cortisol surge compared
to general anesthesia. The plasma catecholamine levels were
also significantly lower in the TEA group both intraopera-
tively and postoperatively.

Endogenous glucose production measured with stable iso-
tope infusion confirms the reduction in stress induced by TEA
[Ganapathy 2000b]. Unfortunately, this is seen only during the
intraoperative period. Whether continuation of a more intense
sensory block in the postoperative period would extend this
stress reduction into the postoperative period is unknown.

CONCLUSION

Stress and inflammatory responses occur due to the use of
CPB as well as individual patient factors. Avoidance of CPB
significantly reduces cytokine surge. Thoracic epidural anes-
thesia reduces the perioperative stress response but does not
reduce the minimal cytokine response seen with beating heart
surgery. Larger prospective studies are needed to evaluate the
implications of these results on surgical outcome.
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