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Sommary

Background; Inaddition to the well-investigated proinflam-
matory cytokine expression, there is aniever increasing interest
in the field of anti-inflammatory respansé to cardiopulmoniary
bypass (CPB). Evidence suggests that myocardium serves as
an important source of cytokines during reperfusion and appli-
cation of CPB. The effect of coronary artery bypass grafi
(CABG)without CPB on myocardial cytokine production has
notas yet been investigated.

-Hypothasis: Cardiopulmonary bypass can cause long-term
disturbance in pro- and anti-inflammatory cytokine balarnice,
which may impede a patient’s recovery following surgery.
Thenefore, the effect of CPB on the balance of the pro-fanti-
inflammatory cylokines network and myocardial cytokine
outflow was assessed throughout a longer period after surgery.

Methods: Twenty patients were scheduled for CABG with
CPB and 10 had off-pump surgery. Blood samples were taken
before, during, and over the first week following surgery.
Coronary sinus blood samples were collested during surgery.
The ratio of pro-and anti-inflammatory cytokines was calcu-
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Iated and the cytokine concentration of peripheral anid cono-
nary sinus blood were compared in both groups.

Results: Pro-fanti-inflammaiory eytokine ratio decreased
carly after CPB followed by a delayed and marked increase. A
more balanced ratio was present following off-pump surgery.
Coronary sinus levels.of certain cytokines exceeded the con-
centration of systemic blood in the coursa of CPB but not dur-
ing aff-pump operation.

Conclusion: Patients show pro-inflammatory predominant
cytokine balance at a later stage after CPB in contrast to those
without CPB. The heart produces 4 remarkable amount of cy-
tokines only in the course of surgery with CPB.

Key words: coronary artery bypass graft, cardiopulmonary
bypass, inflammatary response, myocardial injury, eviokines

Introduction

Recent researches have shown that the activation of acule
immune reactions tesulting from operative trauma, blood
exposure to artificial surface, damage of barrier of inlestinal
mucosa, abnormal blood gas interfaces, and reperfusion in-
Jjury after global ischemia of the heart is one of the most for-
midable aspects of the pathophysiology of cardiopulmonary
bypass (CPB).\-

The release of different cytokines regarded as médiators that
orchestrate the inflammatory processes, cellular activation, and
leukocyie migration, is of central impariance; Proinflamma-
tory cytokines inextremely elevated concentrations can modu-
late the function of organs.2-* Dominantanti-inflammatory ef-
fects, however, can blunt adequate immune response, impair-
ing defensive mechanisms and healing processes. The balance
between pro-and anti-inflammatory cytokines is essential for
appraising the genuine effect of different cytokines and the
characteristics of the cytokine netwerk. Temporal change of
the balance between pro- and anti-inflamimiatory cytokines has
been less investigated.
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Studies have shown that coronary artery bypass graft
(CABG) surgery performed without CPB, known as off-pump
(OP) surgery, helps toavoid unwanted effects such as overag-
tivation of the inflammatory response.*

Evidence suggests that the myocardium is capable of syn-
fhesizing biologically active cytokines. The effect of OP sur-
gery-on myocardial cytokine production has not as yet been
investigated indetail. Therefore, this study investigates the as-
‘sociation between CPB or OF surgery and considerable cy-
‘tokine production by the heart.

Methods
Main Outcome Measures

The main gittcome measutes in patients who underwent
surgery with or without CPB were the pro-/anti-inflammatary
¢ylokine ratio up to the end of first postoperative week, the al-
feration in interleukin (1L.}-12 levels during and afler both
types of sargery, and the myocardial outflow of eytokines in
the course of surgery with ar without CPB,

Patients

Thirty patients undergoing elective CABG were sclected
for the study. The subjects were randomly sorted into two
:groups: Group 1 consisted of 20 patients who received con-
ventional CABG using CPB and Group 2 of 10 patients who
underwent OF surgery. There were no significant differences
in the preoperative data of patients (age of patients in Group 1:
62.64 +8.76 years and in Group 2: 63.36 + 5,78 years; three
‘women in Group | and two inGroup 2; Euroscore 2,78+ 1.56
inGroup | and 2.6+ 1.51in Group 2). Patients with immuno-~
logic disease, recent myocardial infarction (<3 months), pre-
vious stroke, or those undergoing acute or repeat surgery; and
those who developed infection, coagulopathy, tumor, acute or
chronic renal failure, and respiratory impairment were exclud-
ed from the study.

The protocol of the study was approved by the Ethics Com-
mittee, and oral and written informed consent was obtained
from all patients. Investigations were performed inaccordance
with the Declaration of Helsinki.

Both groups of patients received 10 mg midazolam as pre-
‘medication. Anesthesia was induced with midazolam 0.1 mg.
kg™, fentanyl 2pg. kg, and propofol 2 mg. kg !, After ade-
quate neuromuscular block with pipecuronium 0.1 mg kg™,
lhe airway was secured with an endotracheal wbe. In patients
undergoing CPB, total intravénous anesthesia was maintained
with continuous infusion of propofol. After administration of
heparin 300 IU kg™, hollow fiber oxygenator and a roller
pump were used to achieve moderate hypothermic CPB.
Myocardial preservation was performed with cold erystalioid
cardiolplegia and topical cooling. Heparin was neutralized
with protamine sulphate afier CPB. In Group 2, anesthesia

was maintained with sevoflurane 0.5-1% and nitrous oxide

160% in oxygen. Using Octopus (Medtronic, Inc., Minneap-
olis, Minn., USA), cardiac stabilizer coronary arteries were

occluded for <20 min.
Blood Sampling

In Group 1, blood samples from periphieral vein were taken
right after the induction of angsthesia, then § min after the ces-

sation of aorta cross clamping, and on postoperative Days 1,2,

3,and 7. InGroup 2, blood samples were collected after the in-
duction of anesthesia, 5 min after completion of the last graft,
and on postoperdtive Days 1,2, 3,and 7.

Further blood samples were faken from the coronary sinus:
(CS) using a catheter in both groups: 5 min after dectamping
of the aortain Group 1, and 5 min after the completion of the
fast graftin Group 2.

All samples were collected in sterile vacuum tubes contain-
ing sodium heparin.

Measurement of Cytokines

Blood samples from the peripheral vein were first incubat-
ed at 37°C for 4 h and then stimulated with phorbol 12-myris-
tate! 3-acetate (PMA, 111 ng mi-1), Afterthis period of stimu-
lation, tubes were centrifuged at 3,000 g for 10 min; then, the

‘supernatant wes separated ito vials, frozen immediately o

—T75°C, and stored at that temperature until the day measure-
ments were taken (within 2 months). The plasma concentra-
tions of stimulated cytokines were determined by using the
Becton Dickinson cylometric' bead aray (CBA Human
Inflammatory Kit, BD Bioscierices, Pharmingesn, Boston,
Mass., USA} and by following the instruction manual, This
newly developed method allows for reliable simultaneous:
measurement of six human eytokine levels: tumer necrosis
factor (TNF) evand IL-18.6, 8, 10, 12p70 (TNE IL-1, IL-6,
18, IL-10, IL-12) from small sample volumes.

Besides the monitoring of the absolute concentration of giv-
en cytokines, the pro-/anti-inflammatory cyiokine balance
was calculated in all samples by dividing the plasma concen-
tration of different proinflammatory cylokines with the con-
centration of interleukin-10.

During €5 blood sampling (inthe fifth min of reperfusion),
other peripheral blood samples were collected o compare the
plasmaconcentration of cylokines between C8 and peripheral
vein samples: The PMA stimulation releases cytokines pro-

duced by white blood cells. To obtain the cytokines secreied
‘only by the myocardium, PMA stimulation was neglected

both i’ CS and peripheral vein samples. These samples were
measured as described above. Cylokine levels of CS blood
were pot obitaimed before CPB and ischemia. Itis known that
without any stimulation or in chronic condition, the levelof cy-
tokines CS and systemic, peripheral concentration of cy-
tokines are the same.

The concentration of unstimulated peripheral vein samples
was considered to be 100% in each sample. The cytokine lev-
els of CS samples were compared with their corresponding pe-
ripheral vein levels, expressing the values in percentage.
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“The datadie preseated iny the Figitres s e+ Standard de-
Thie data between the two groups were-compared with the:
‘unpaired Student's #4est. I a.given gronp, comparisons of
‘gnices were considered significant et pyalugs <005,

jor neurplogic complication in either Group 1 of in Group 2.
The durationof aortic cross-clampingin Group | was 64.13
2138 min;

mwmﬁbymmwmmﬂmmww
tokine/TL-10 ratio; The ratio was similar in the CPB and OP
groups. The TNE/L-10, 1L-6/11.-10, and 1L-8A1.-10 ratio is
‘siown in Figure 1A.B, and C. I Growp 1, an sarly drop was
\observed during surgety, and afterward the vatio-incressed
sextremely throughout the dbservation period, During surgery
‘in the fifth min of reperfusion, (he decresse-in TNF/L-10,
- YH.-10, -G/~ 10, and TL-B/L-10 ratios was significant
wmwmmmwmm
Group 2, the matio of given proinflammeatory cytokine and

H-6/L-10'matic

{8 Conbul FepS PODY PODZ PODA PODT

Fic.t Tumor necrosis factor (TNF) o and interfeukin (L) 10 (A):
InerleukinG and interlevkin-10 (B), interleulcin-8 and interleukine
IOLC) mbow&pﬂmmmw‘ngwmw

pass prafting with cardiopulmonary bypass (Group 1).or off-pump.
lnc!wqm((imupn Dats are presented ds mean ¢ standard devia=
tion; * = p<Di05 comperad wilk prsoperative values (control); #=
p<0.03 related to precperative values {control); # =p <0.03 come

pared with other groups it the sarie tifve point; # = intergroup dif-
fecence p< (.03, Control-before sirgery, IL-interdeukin, POD 1,2,
3, 7-on the postoperative Duy 1,2,3, and 7. RepS = time point S min
‘fier the beginning of reperfusion; TNFzumor nectosis factor o
B =Group 1, S~=Croup2.

L-101nded to dbcrease, reaching its minimum value on posts
operative Days 1 or 2; thereafter, it normalized gradually.
Statistical analysis tevealed significant differences between
Groups | and 2, firstirj the TNF/IL-10 ratio on peistoperative’
Days 1, 2.3,and 7(Fig, 1A). then the TLASIL-10 ratio on

Days Zand 3 (Fig. 18),inthe IL-8AL- 10 ratioin’
thesmnﬁnmof reperfission, and.on postoperative Days.} and
2{Fig. Q).

Concentration of Cytokines frotn Samples of
‘Coronary Sinus

T G 1, ol obiservied cytokines from CS excoeded the'
‘concentrations of periptieral vein samples (Fig. 2), The differ=
ence:between sius and peripheral vein samples proved tobe:
‘significant for the IL-1, IL-6,11.-8, and TNF Jevels.

Dutirig OP sisgery, the-eytoking concentrations of the CS.
‘and periphetal vein'weretoughly equivalent (Fig. 2). Itis in=
teresting that the greatest difference was seen in [L-10, al-
thoughit was not statistically significant.

Discussion

This study shows that CPB caused a prolonged proinflany-
‘matory predorminant resposise; The pro-fanti-inflammatory re-
tiocould be balanced by minimal invasive OP technique. The.

present investigations slso:démonstiale that the application of
{CPB and ot the OP technigue is associated with cytokine pro-
wductionof the myocardium,
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Fie.2 Cytokine levels of coronary sinus blood during coronary
‘artery bypass graft with cardiopulmonsry bypass (Group 1) and with

‘off-pump technigue (Group 2): Dark bars show Group | and light.

bars represent Group 2, Concentrations sre presented 85 percent of
‘peripheral venous blood level of given cytokine at the same time,
Data are: shown as mean + siandard deviation, * = p < 0.05 compared
‘with the concentraticn of peripheral venous biood. = Groug 1,[=
Giroup 2. [L = interleukin, TNF =tumor necrosis factor .

In this paper, a completely novel method is demonstraied

for measuring six cytokines simultancously from a single
sample witlrcytometry using the cytometric bead array (CBA)
wcbmgue”%meﬂmdappemmbeanmmmreh-
able technique for measuring cytokines compared with con-

ventional enzymeinked immunosobent assay (ELISA); con--
sidering the fact that 300 microparticles are medsured for each

cyloking, all of them containing approximately the same num-
ber of antibodies as are present in one well of an original
ELISA kit. Moreover, the CBA technique is highly suitable for
assessing the ratio between différent cytokines becanse itcan
detirmii six cylokines from the same sample, thereby climi-
ngting certain errors® r

Twointeresting but rare findings of the present study are
the early but significant decrease in TNF and IL-] concentra-
tions and the late elevation of proinflammatory cytokines.
Thefirst can b explalned by the extravasation and adherence
of active leukoaytes to the site of reperfusion arid extracorpo-
real circuit;'* the Iatter aspeot is the second wave of proin-
flammatory respense; which refers to the potential contribu-
tion of mediaiors, further activating the proinflammatory
forces.? Evidence is growing to suggest the role such a mark-
er plays in pathomechanism of CPB.1

The investigation of IL-12 is of utmost importance as it is
known to control type-1'T helper cell (TH1 }mediated im-
mune response. Some articles suggest that IL-12 drops carly
after the patient is weaned from CPB, ' 12 According to the

finwlings of this study, the TH 1/TH2 response changes in two

phasesafier CPB: first, the TH2-mediated response i3 stronger
subsequently, and second, sfter postoperative Day 1, the TH1-
mediated responss tends to be upregulated. Likewise, in the
course of OP surgery, it is associated with & mere moderate
shift in THI/TH2 response determined by the cytokine pattern.

The abselute concentration of eytokines iseonsidered tobe
less important than their relative balance; which may better

reflect the net effect of cytokine response.™ The novelty of
this study lies in the acknowledgment that the increased and
continuously elevaling foree of proinflammalory response is
‘balanced only during the early postoperative period by IL-10
in patients undergoing CABG with CPB. The results of this
study concerning: the anti-inflammatory predominant re-
sponseto CPB up to postoperative Day | agree with the out-
comes of other studies. 1* Moreover, Hovers-Giirich et al, re-
ported similar alterations regarding the later events observing
infant patients, specifically the elevation in proinflammatory
cytokines without the counterbalance of IL-10.1* In-addition,
a lesser alteration in the balance of pro- and anti-inflammato-
1y responses can be observed after OP operation with domi-
nating anti-inflamniatory foress. Frarke ef al. found similar
resulis regarding proinflammatery cytokine levels. '

These results may have thevapeutic consequences. Steroid
administration is kniown to reduce the generation of proiriflam.
‘matory cytokines with the exaggeration of IL-10 and anti- in-
flamimatory cytokine response, thereby reducing the ratio of
pro-and anti-inflamanatory cytokines.” In most studies exan
ming the efficacy of stercid treatment in patients receiving
CPB, steroids were administered before or during strgery.'
Alffiough the majority of these investigations confirmed the
beneficial effect of precperative steroid treatment, othess sug-
gestan adverse effect of preoperative steroid treatment. " Qur
findings suggest the eventual necessity of longer-term admin-
istration of corticosteroids. With respect to the aspect of cy-
tokine balance, steroid administration or anti-nflammatory
treatment should be required only from postoperative Day 2 up
to the end of the first week. Cylokine regponse afier OP sur-
gery, however, does not require any anti-inflammatory treat-
‘ment because it is balanced with anti-inflammatery batteries.

The inspection of the increased myecardial outflow of dif-
ferent eytokines during CPB is another interesting finding of
the present study, In the OP group, no obvious differences
could be observed between cytokines of peripheral-venous
and CS blood. To.our knowledge, this is the first study com-
paring the miyocardial production of cytokines during use of
the CPB and OP techniques. Despite cardioprotection with
cardioplegia and cooling, the heart is exposed to relatively
long-term and global ischemia asaresult of cross clamping of
the zorta, which may provoke myocardial cytokine production
diie to large amounts of free radicals resulting from the activa-
tion of nuclear factor-kappa B (NF-KB).'& 1% In the course of
P surgery, however, myocardial and cardiac endothelial cells
respond to brief and partial ischemic periods. Brief pesiods of
coronary ligatures during ischemic preconditioning may result
inprotection via protein production with protective effects and
withoutexpeession of cytokines.

Numerovs papers have recorded significantdy elevated
116, I1-8, and TNF concentrations of CS compared with ar-
terial blood without deviance of IL-10.52° Since cytokine lev-
elsareelevated inthe CS, the local concentration of these cy-
tokines may inorease more noticeably during and after CPB,
causing augmented reactions and injurious effects in the
reperfused heart.
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Limitations

‘Therelatively small sumberof patients investigated may be

alimitation of the present study. A larger number of patients.

would allow for the examination of eyiokine balance and my-

‘ocardial cytokine production in high-risk patients orin patients

with prolonged recovery, postoperative myocardial dysfunc-

tion, respiratory failure, and so forth, The fact that the anes--

thiie technique was tiot entirely the §ame in the groups may
also be  limitation. Using different techniques made it diffi-
cult to standardize anesthesia and intraoperative treatment.
Studies investigating the effect of anesthesia on cytokine pro-
dinction state indicate a change in selected cytokines after anes-
thesia with different agents, Mostof these studies applied < 24
h observation periods and examined cytokines that changed
just after wound closure as adirect effect of chosen anesthetic
management!

The present study has atternpted to give & comprehensive
view of thealieration of the cytokine network during and after
CABG with and without CPB using a novel method, the CBA
technique, The investigafions highlight the usefulness of this
mdmiquea!suinclimcaipsaaiee,fmbuirﬁngmmﬁmw
inflammatory, response: because it is reliable and simple.
Hence, in the course of CPB, the elevation of proinflammato-
1y cytoking i highly counterbalanced by the systematic re-
lesse-of IL-10 during and in the early period following the
surgery: Consequently. after postoperative Day 1, a signifi-
cantly elevated pro-/anti-inflammatory cytokine ratio was
measured. In contrast, OP surgery is associated with a rather
balanced relation of pro- and anti-inflammalory responses.
The concentration of 11.-12-was also higher following CPB.
This study revealed the myocardial outflow of certain proin-
fammatory cytokines during CPB. s manifested by a higher
sinuslevel of IL-1, 116, IL-8,and TINF, while it was undetect
ed in the course of OP surgery, These results may reflect the
different cellular effects of the two procedures and aim to im-

prove our understanding of the impact of CPB on patieas,

1. | Brik<Cheisiensen ¥ The systesnic inflammuory response after cardla

surpery with candiopulmonary bypuss in clidven. Acta Anaeatharipl Scand

memmm

L Wan§, Yim AP Oytokines inmyoeardialinjury: Inmpact on candin murgiont
approachy. Elr J Cordio-Thorac Sierg 199916107111

3 Schvargz 1D, Shasmamian P, Sehwartz DS, Grossi EA, Jucolis CE. Steingr P,
Minneci ?C.anu FG; Colvin 5B, Gallowsy AC: Cardiopulmonsry
bypass primes polymorphorciesr leukocytes. / Surg Res 1998,75: 1 77182

4 W&AMJCS.BWWJNR‘TMCA. Anguinr LF, Gomes Wi
Cormnary artery byposs. grafting withoot cardiopulmonary. bypass. A

L M&m 1996:61:63-66

5 Wan§, LeClerc IL, Vinoent JL: Cytokinie response o cantioputmonary bye
mmwmmmﬂmmms«rglm
A3:268-276

& Wan S, DeSiiet IM, Barvais L. Goldstrin M, Vinot 1 LeClere JL:
Mydcardium is 8 mijor souee of prolnflunmusory eviokines in patientsun:
amgdm-wﬂwulmw-mﬂ Thorgr Cordiowase: Surg 199%;112:

T Chm R.Lwo[..WﬂmlD Croiwther E, Treggai K, Bishop JE, Virro B:
Simuluncous quantification of six bumn Cyipkines in single Saple sing
Mﬁ‘}}-lwgw Tiow cyometrc techuology, Cln Chem 199945
b

8 Turmok A, Hambseh Y, Chen R, Virs B: Cvtorneiris beaditmay o nichsire
nxeymummﬂwnmmmmwmmﬁ
10001 002:2005:78: 1-8

-r‘9;_ mii.wangﬂ,c:m:u . Trweey KI:-The cytokine activity of HMGB1.

10, Dybdah B, Wahba A, Haversiad R, Kirkehy. Girita T, Kisulf P, Expevik
T, Stundan A: On-pump Versus off-punap cononiry artery bypass grafting:
More: heat-shinck proiein 70 is réleased afier aoi-pump suigery, Ber

 Candiothonae Sarg 2004:25:985-907

13, Matkewitz A, Lante W, Franio A, Marohl K, Kuhirmana WD, WQ
Alterativas. of cafl-medisted immumity Following cardiac

' Clinical implications and ppen questians, Shoek 2001;16:10-15:

12 Sabiotzki A, Dehne M, Welters I, Menges T, Lebmans N, Goclieh 6,
Osmes €, Hempelmann G Alteeations of the eytukine peswork in patients
undergaing cardiopulmonsry bypass: Perfircion 1997:12:393-403

13, Hovels-Gurich HH, Schumacher K, Vazquez-fimenez JF, Qing M, Huff-
meier U, Buding B, Messmer B, var Bernuth 5, Seghaye MC; Cytokine
%I:ge ‘;;9 infants undesgoing candiac operation. i Tharae Sry 2000:

I

14, Franke A, Lanie W, Fackeldey ¥, Becker HP, Kurig E, Zoller LG;
Weinhold €, Markewitz A: huﬁﬁhnmmmm:ﬂuiﬁfm
Kinds of cardiosthorneic strgical procedures: 1s what we see whiat we know
Eur J Cardiothore Surg 2005,28:569-573

15, Yilmaz M, Ener S, Akalin H, Sugtc K, Serdar OA, Cengir M: Effect of

Tow-dose methyl onserum cytokine levels following extraces-
porealcirculntion, Petfusian 1999;14:301-206

16, Sehure UP, Zund G, Hoerstrup SP, Geunenfelder ], Maly FE. Vogt PR,
“Turini M1: Preoperativi adminkstration of stervids; Influence on adhesion
molecules nnd cytakines nher candiopulmonsry bypass. An Thorde Siife
000:72:1316-1320

17, Mosariu AM, Loef BG, Aaivs 1P, Rietmin GW, Rakhorst G, van Osvesen
W, Epera AH: Dexsmethusons: Benzfit und prejutice for paisnts inder-
g n-pumpeoronary ariery bipans grafting: A study on myvcardial, pole
monary, renal, intestinal, ind hepatic injury. Chest 2005, 12826772687

18 Kukeeja RC: NF7B activation thiring ischernia/ reperfission in heart: Friand
ar foe? Jidoll Celf Cadlol 2002,34:1301-1 304

19 Meldrum DR, Partrick DA, Clevelund 1C Jr, Sheniir R, Meldram KK,
Raiesdann A. Ayely A, Brown IW, Flarken AH; On-pump coronary anery

surgery ctivases humat nryocardial NF-kappeB siid incresses TNF-

~ aiphainthe beart. J Surg Rk 2003:1 12175179

%0, Karube N, Adachi B, lchikawn Y, Kosuge T, Yemmaki 1, Soma T
Measiremant of cyiokine levels by corontry sinus blood sampling durifig
cardiac surgery with cardiopulmonary bypass. Am Soc Arlf bt Organ J

_ iSoEATRLIN

&1, - Schneemilen CF, Bank U; Relaase of pro--and anti-inflamematory cytokines
MMWMMWMMMIM#M



