
Circulating cytokines in patients undergoing
normothermic cardiopulmonary bypass

To determine the cytokine release during normothermic cardiopulmonary bypass, we have measured
plasmatic levels of tumor necrosis factor-a and interleukins-l,B, 6, and 8 in 10 patients during the first
24 hours after the start of bypass. Arterial blood samples were coUected at intervals before, during,
and after bypass. Interleukin-l,B was not detectable in the plasma, .and traces of tumor necrosis
factor-a were detected in only three patients at times independent of the cardiopulmonary bypass
procedure. Circulating endotoxin remained undetectable. Plasma interleukin-6 and interleukin-8 rose
significantly from 2 until 24 hours after the start of bypass (p < 0.05) and peaked respectively at 4 and
2 hours after the beginning of bypass (interleukin-6, 268.1 ± 131.43 pg/m1; interleukin-8, 370 ± 420
pg/m1; mean peak ± standard deviation). Peak values of interleukin-6 and interleukin-8 were correlat­
ed neither with the duration of aortic crossclamping or the bypass procedure nor with the hemody­
namic parameters recorded at the same times. This study shows that normothermic cardiopulmonary
bypass does not induce systemic release of tumor necrosis factor-a and interleukin-l,B. A local
production of these cytokines cannot be excluded, because interleukin-6 and interleukin-8 are produced
by stimulated macrophages and monocytes in response to tumor necrosis factor-a and interleukin-l,B.
Our results, at normothermia, show a similar pattern of interleukin-6 and interleukin-8 release when
compared with release during hypothermic cardiopulmonary bypass. Interleukin-8, an important
chemotactic neutrophil factor, might playa role in reperfusion injuries observed in lungs and heart
after cardiopulmonary bypass. (J THORAC CARDIOVASC SURG 1994;108:636-41)
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Exposure of blood to extracorporeal artificial surfaces
during cardiopulmonary bypass (CPB) induces an acute
inflammatory response. I After cardiac surgery, this
response is a combination of interaction of blood compo­
nents with artificial surfaces, reperfusion injury, and
activation by endotoxin.t- ' The inflammatory process
might be associated with morbidity caused by organ dys­
function observed after CPB. Different inflammatory
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pathways are activated after CPB, including the comple­
ment system.v5 the contact system, the polymorphonu­
clear neutrophils.v7 and the mononuclear cells, leading to
cytokine releaser- 8

Indeed, previous studies have reported different pat­
terns of cytokine production after hypothermic CPB.
Haeffner-Cavaillon and associates? demonstrated intra­
cellular production of interleukin-l (IL-l) in monocytes.
Interestingly, no circulating IL-l,B has been found in the
plasma of patients after hypothermic bypass.s 10 Con­
flicting data are available for tumor necrosis factor-a
(TNFa), because it remained undetectable in some stud­
ies,9-13 although others have measured significant plasma
values of TNFa after bypass. 14, 15 TNFa and IL-l,B,
when produced in excess, might induce deleterious effects,
including endothelial dysfunction with enhanced vascular
permeability, decreased systemic vascular resistances,
and myocardial depression.P'"

High levels of interleukin-6 (IL-6) have been reported
after cardiac surgery.s 8,11,12 but the clinical relevance
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remains unclear, Neutrophil activation described after
CPB might be induced by interleukin-8 (IL-8), known to
be a major neutrophil chemotactic factor.'? Recent
investigations have reported its pathophysiologic role in
different clinical situations, particularly in reperfusion
injury.l" Three studies have found an increase in plasma
IL-8 levels after hypothermic CPB.ll, 21, 22

Warm heart surgery, with warm blood cardioplegia
and normothermic CPB, has been recently introduced.
Warm blood cardioplegia seems to be an effective meth­
od of myocardial protection.23, 24 Normothermic CPB
shortens CPB duration and minimizes platelet dysfunc­
tion. 25 Nevertheless, previous studies have reported low­
er systemic vascular resistance during normothermic
CPB when compared with hypothermic CPB.26,27 A
greater inflammatory response in normothermia, with
enhanced complement activation and IL-I release, has
been documented in vitro." An enhanced cytokine release
after normothermic CPB, mainly TNFa and IL-I,6,
might partly explain hemodynamic differences between
warm and cold surgery.

The aim of our prospective work was to measure cir­
culating concentrations of TNFa, IL-I,6, IL-6, IL-8, and
endotoxin in 10 patients undergoing normothermic CPB
for cardiac surgery. Indeed, cytokine production has been
studied only after hypothermic CPB, and to our knowl­
edge no data are available concerning normothermic
CPB.

Patients and methods

Patients. After approval by the local ethics committee, 10
patients were prospectivelyincluded for the study. They under­
went a valve operation with normothermic CPB. Their ages
ranged from Zj to S'Iyears (46.8 ± 16years, mean ± standard
deviation).No corticosteroidswere administered before or dur­
ing the study. Patients with suspected infectious disease were
excluded. Details on patients and length of CPB are summa­
rized in Table I.

Radial and pulmonary arterial catheters were introduced
withthe aid of local anesthesia. Anesthetic induction and main­
tenance were achieved with high doses of fentanyl, pancuroni­
urn bromide, and midazolam. The extracorporeal circuit con­
sisted of a roller pump (Cobe Stockert, Stockert Instrument,
Rungis,France), a cardiotomy reservoir,and a Sorin membrane
oxygenator (Sorin Laboratories, Mirandola, Italy). The circuit
was primed with 1500 ml of Ringer's lactate solution, sodium
bicarbonate,and gelatin. Heparin (400 UI /kg bodyweight) was
injectedinto the right atrium before cannulation, to achieve an
activatedclotting time of more than 400 seconds. Flow rates of
2.4 L . m2 . mrn"! were used. Normothermia (temperature
>36.5° C), assessedby the monitoring of bladder temperature,
wasassured during the operation and CPB. Ultrafiltration was
neverperformed during the study. Myocardial protection was
achieved by cold blood cardioplegic solution infused every 30
minutes.Beforeaortic unclamping, reperfusion was performed
withthe same bloodcardioplegicsolutionat 37° C. Heparin was
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Table I. Demographic data

CPB
NYHA Age duration
class (yr) Operation (min)

IV 35 AVR,MVR, 119
TV Ann

III 83 AVR,CABG 103
IV 33 AVR,MVR 135
III 81 MVR 60
II 31 Mitral 126

valvuloplasty,
then MVR

II 26 AVR,MVR 122
III 69 AVR,MVR 132
IV 23 AVR,MVR 107
III 59 MVR 88
II 28 AVR,Bentall 140

procedure

NYHA, New York Heart Association; AVR, aortic valve replacement; MVR,
mitral valve replacement; TV Ann, tricuspid valve annuloplasty; CABG, coronary
artery bypass grafting.

neutralized with protamine sulfate, at a ratio of 1:3, within 10
minutes after the end of CPB.

Serial blood samples (5 m!) were withdrawn from the radial
artery catheter before sternotomy (TO);at the beginning of CPB
(HO);and at intervals of 1,2, 4, 6,10, and 24 hours (HI to H24)
after the beginning of CPB. Bloodsamples were collected into
sterile vacuum tubes with ethylenediaminetetraacetic acid and
immediately centrifuged. An aliquot of plasma was obtained
and stored at -70° C until cytokine and endotoxin assays were
performed. Mean arterial pressure, cardiac index (assessed by
thermodilution), systemic vascular resistances, and bladder
temperature were recorded all along the study.

Enzyme immunoassays for IL-l,B, IL-6, IL-8, and TNFa.
The levels of plasma immunoreactive IL-l{J, IL-6, IL-8, and
TNFa weredetermined by immunoenzymatic assays according
to the manufacturer's procedure. IL-l{J, IL-6, IL-8, and TNFa
enzyme-linked immunosorbent assays were from Amersham
(Biotrak, Les Ulis, France). The detection limits were 3 pg/rnl
forIL-l{J and IL-6, 10pg/rnl for TNFa, and 18pg/ml for IL-8.
Results were not corrected for hemodilution.

Measurement of endotoxins. Endotoxin was determined
using the Limulus amebocyte lysate assay from TechGen
(Limusate, Les Ulis, France). The sensitivity of this assay was
0.06 EU/m!.

Statistical analysis. The data were analyzed by analysis of
variance. Correlations between peak cytokine values and differ­
ent parameters were assessed by Spearman's rank correlation.
Significancewasaccepted whenp was lessthan 0.05. Results are
expressed as mean ± standard deviation.

Results

Patients. Table I shows the clinical characteristics and
operative procedures for the 10 patients. Mean CPB and
aortic clamping durations were 113.2 ± 17.6 and
88.7 ± 16.5 minutes, respectively. Temperature was
36.70 ± 0.4 0 C during CPB and reached a maximal val­
ue of 37.7 0 ± 0.6 0 Cat HI0. All of the patients recov-
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Fig. 1. Effect of CPB on plasma IL-6 concentration
(mean ± standard error of the mean). Time points: TO, after
induction; HO, at the beginning of CPB; and I, 2, 4, 6, 10,and
24 hours after the beginning of CPB. (*p < 0.05 versus TO.)

ered uneventfully, except one patient who required surgi­
cal hemostasis for major bleeding at H12.

Cytokines and endotoxin.
IL-l {3 and TNFa. Il-I{3 was never detectable in our 10

patients until H24. TNFa was undetectable except in
three patients. When detectable, plasma TNFa concen­
trations were low «100 pg/rnl) and no correlation was
found with operative times.

IL-6. Fig. I shows changes in plasma concentration of
IL-6. Plasma IL-6 was detectable in one patient at TO(12
pg/rnl). Plasma levels remained unchanged after I hour
of CPB, raised significantly at H2, and peaked 4 hours
after the start of CPB, remaining above baseline values 24
hours after CPB. The mean peak value at H4 was
268.1 ± 131.43 pgyrnl. IL-6 plasma levels rose signifi­
cantly in all patients.

IL-8.Changes in plasma levels of IL-8 are shown in
Fig. 2. Three patients had low levelsof IL-8 at TO(30, 34,
and 110 pg/ml). Plasma IL-8 concentration rose in all of
the patients after the start of CPB, peaked at H2
(370 ± 420 pg/rnl), and remained significantly elevated
until H6. Values at HIO and H24 were not significantly
above the baseline level, but IL-8 was still detectable in
seven patients 24 hours after CPB. In two patients, IL-8
was not measured at H24, for technical reasons. Peak
values were greater than 1000 pg/rnl (1497 pg/rnl) in
only one patient. Interestingly, IL-6 concentration was
also the highest at this time (838 pg/rnl), in contrast to
IL-I/3 and TNFa, which remained undetectable.

Endotoxin. Endotoxin was not detected in the plasma
at any time of the study in any of the patients.

Correlation between changes in cytokine levels and
hemodynamic data. There was no correlation between
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Fig. 2. Effect of CPB on plasma IL-8 concentration
(mean ± standard error of the mean). Time points are those
depicted in the legend to Fig. 1. (*p <0.05 versus TO.)

peak levels of IL-6 or IL-8 and CPB or aortic clamping
durations. Fig. 3 shows mean arterial pressure and
systemic vascular resistances during the study. No corre­
lation was found between either IL-6 or IL-8 concentra­
tions and mean arterial pressure, cardiac output, or sys­
temic vascular resistances.

Discussion

By contrast to the numerous data on cytokine release
after hypothermic CPB, to our knowledge no data are
available after normothermic CPB. This lack led us to
measure, in 10 patients undergoing normothermic CPB,
circulating levels of the main cytokines that could be
involved in postoperative organ failure. We found an
increase in plasma IL-6 and IL-8 concentrations after
normothermic CPB, whereas IL-I {3 and TNFa remained
undetectable. Warm heart surgery was introduced a few
years ago, but few prospective studies have been reported
concerning the innocuousness of this technique.Pv"
Some previous studies concerning warm heart surgery
reported lower systemic vascular resistance with this
technique when compared with hypothermia, the "gold
standard."26,27 Warm heart surgery could increase vaso­
pressor requirements.r" Greater blood viscosity might
contribute to increased systemic vascular resistance dur­
ing hypothermia, but the possibility of an enhanced
cytokine production after normothermic CPB has not
been explored. Indeed, the temperature has a major
influence on the different inflammatory pathways acti­
vated during CPB. Neutrophilia during CPB is prevent­
ed by hypothermia but reappears quickly when the body
temperature is restored to 36° C.28 In vitro, hypothermia
reduces complement activation and inhibits IL-I/3 pro-
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Fig. 3. Changes in mean arterial pressure (MA.P., mm Hg)
and systemic vascular resistances (SVR, dyne-sec/em") with
timein 10 patientsundergoing normothermic CPB.Resultsare
expressed as mean ± standard deviation.

1000

2000

1500

well documented in experimental or human investiga­
tions.s 6, 7, 41-43 This led us to measure IL-8, a potent
neutrophil chemotactic and activating factor. 19 Our
results show an early increase in plasma IL-8 levels, with
peak levels 2 hours after the beginning of CPR The fact
that peak values were not correlated with the length of
aortic clamping or bypass might be due to the homoge­
neous durations of CPB in our patients. Recently, a rise
in plasma IL-81evelshas been reported after hypothermic
CPR1I, 21, 22 Even if comparisons must be done with
caution, it appears that normothermic CPB induces a
pattern of IL-8 production similar to that observed with
hypothermic CPR1I, 21, 22

IL-8 production does not seem to be specific to cardiac
surgery, but rather to situations of ischemia-reperfusion
or anoxia-hyperoxia injuries.-! 22, 44 Lung reperfusion
injury in rabbits has been shown to be prevented by a
monoclonal antibody against IL-8. 2o These studies
emphasized the major role that IL-8 might play in the
reperfusion injury described after cardiac operations.

duction by monocytes.? Furthermore, clinical investiga­
tions have reported increased levelsof cytokine only after
rewarming of the patients." II, 14,21,29

In hypothermia, conflicting data are available concern­
ing circulating levelsof TNFa or IL-I~. In many studies,
plasma IL-I~ and TNFa have not been detected after
hypothermic CPB,8, 10, 12, 13,21 except in some patients of
two studies.14, 15 Some possibilities might explain the dis­
crepancies. During CPB, variable levelsof endotoxin have
been reported, 14,30,31 with enhanced plasma levels of
TNF.32 Endotoxin was not detected in the plasma of our
patients. The short half-life of TNFa and IL-l~ and dif­
ferences between methods of cytokine measurement
might also explain discrepancies between different
studies. Bioassays detect biologic activity, measured in
vitro on specific cells. By contrast, immunoassays mea­
sure serum antigens. The latter may detect complexes of
cytokine and cytokine-soluble receptor or cytokine inhib­
itor as free cytokine and thus provide false-positive levels,
when compared with bioassays.P Furthermore, the
absence of detectable circulating cytokines does not
exclude a likely local production by activated cells.l"

In our study, we did not find significant levelsof circu­
lating TNFa or IL-I a after normothermic CPR This
argues against a deleterious effect of normothermic CPB
with an exacerbated production of these two cytokines,
which might induce vasodilation and contribute to post­
operative complications. Moreover, systemic vascular
resistance did not decrease significantly in our patients.
Only two patients required injection of phenylephrine
(250 and 500 Jlg) to maintain systemic perfusion pressure
above 50 mm Hg. Anesthetic management with high
doses of fentanyl and neither halothane nor isoflurane
might explain hemodynamic stability. Moreover, in our
study myocardial protection was obtained with intermit­
tent cold blood cardioplegia and not with continuous
warm cardioplegia.

IL-6, known to have pleiotropic functions, is one of the
key mediators in the acute phase response" In the
present study, plasma IL-6 levels increased significantly
2 hours (H2) after the start of CPB, peaked at H4, and
remained elevated at H24. The peak was earlier than
peaks observed after moderate hypothermic CPB, and
thus normothermic CPB seems to quicken the inflamma­
tory response. Nevertheless, although constantly
observed after cardiac operations, a rise in plasma IL-6
levels is not specific to CPB because it also occurs after
major noncardiac operations.w"?

Neutrophil activation has been documented after CPB,
with the release of the peroxidation products," myeloper­
oxidase.vlactoferrin, and elastase.P: 10 The role of neutro­
phil activation in lung and myocardial injuries has been
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Thus we are now investigating the clinical relevance of
IL-8 secretion on pulmonary function and neutrophil
activation during normothermic CPR

The cells involved in the production of IL-8 after car­
diac surgery remain to be determined. Pulmonary pro­
duction by alveolar macrophages might be a potent source
of IL-8. Furthermore, high levels of this cytokine have
been detected in the bronchoalveolar lavage fluid of
patients after CPR22, 45 A local production of TNFa and
IL-liJ, even if undetectable in the circulation, could
induce IL-8 synthesis and secretion.

In conclusion, our study shows that normothermic
CPB is associated with IL-6 and IL-8 production, which
is similar to that previously observed after hypothermic
CPR Plasma levels of TNFa and IL-liJ remain unde­
tectable in our patients after CPB, results that are consis­
tent with previous studies concerning hypothermic CPR
Our results suggest that normothermic CPB per se does
not induce an overproduction of cytokines when com­
pared with hypothermic CPB.
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