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BACKGROUND: It is well known that conventional coronan)
tevascularization is associated with a pronounced systemic inflam.
matory response due to the applicacion of cardiopulmonary bypass
(CPB).

OBJECTIVE: To compare the effects of cotonary artery bypass
grafting (CABG) with {on-pump) or withour (off-pump) extra-
corporeal cireulation observing centain inflammatory response
paramieiers,

METHODS: Twenty paients undergoing CABG with (CPB group:
10 patients} or without {off-pump coronary srtery bypass grafring
[OPCAB| group: 10 pacients) CPB were enrolled in this prospective,
randomized study: Blood samples were collected three times during
the operarion and on postoperative davs 1, 2, 3 and 7. The plasma
level of proinflammatory cyrokine tumor necrosis factor (TNF)-
alpha was measured by enzyme-linked tmmunosorbent assay method
following stimulation, and the expression of adhesion molecules
{CDIL, CD18) of leukoeytes were determined by flow cyrometry.

Furthetriote, white blood cell {WBC) and neutrophil count wete
carried out.

RESULTS: The WBC and neurrophil counts rose markedly in both
groups following the operation and remained at this incrensed level
during the ohservation period, There was a significant difference in
WBC and neutrophil counts bevween the two groups of patients un
postoperative day 7. A significant difference in the level of TNF-alpha
was found between the two groups on postoperative day 2 (P20:05).
An intense increase was observed with CFB, ‘which significantly
exceeded the values of the OPCAB group without extracomporeal cir-

culation in the early postoperative pericd. The CD1ia and CDIS

expression.of leukocytes decreased during the operation and on post-
uperative day 1; thereafter, it increased markedly. There was a signifi-
cant difference in adhesion molecule expression berween the iy
groups on postoperative day 2.

CONCLUSION: The investigation revealed thar inflammatory
response reactions following extracorporeal circulation could be
reduced significantly using the off-pump technique.

Key Words: Adhesion molecule; Cavdiopulmonary bypass: Coronary
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\espite: advarices in extracorporeal perfusion, cardiopul-

'monary bypass (CPB) generates 2 whole body inflamma-
tory reaction leading to postoperative morbidity and a
prolonged hospiral stay (1-3). lmiportant features of this
inflammatory. response include the activation of complement
proteins induced by the activator effect of a foreign surface;
heparin and heparin-protamin complex (3). Vasoconstriction,
elevated vascular permeability, activation of neutrophil leuko-
eytes and mast cells, aggregation of platelets and chemoraxis
are facilitated by C3a and CSa proteins arising from the lysis of
complement proteins (4:6). The polymormphonuclear leuko-
cytes (PMNs) activated by CPB produce oxygen free radicals
and release several proteclytic enzymes and metabolites of
arachidonic acld. The activated cells are the source of the
proinflammatory ‘cytokines that enhance inflammatory réac-
tions (3}, The stimulated PMNs play an important role in
reperfusion injury following CPB' (6) via the expression of
adhesion molecules leading to nteraction between the
endothelial cells, thereby extending the tissue damage. Four
familtes of adhesion molecules regulate the interaction-between
endothellal cells and PMNs and the migration of leukocytes
acrass the capillaries: selectin, integrin, immunoglobulin and
cadherin families (3). Integring have a crucial role during the

phase of tight binding and the migration of PMNs. Leukocyte
function-associated antigen-1 (LFA-1) belongs to the inte-
grin family, which {s made up of the complex of CD1la and
CD18 molecules, LFA-1 appears to be the ligand of intercellu-
lar adhesion molecule:1 (ICAM-1), produced by the endathe-
lial celts. The LFA-1/ICAM-| interraction is essential for tight
binding and, therefore, for the migration of PMNs into the
extracellular space {5,6). The processes induced by CPB may
affect myocardial function and inerease the sisk of complica:
tions: The increased expression of LEA-1 on lenkocytes can
provoke the migration of PMNs through the vessels, triggering
harmful reactions in the tissues. It can also cause decreased
capillary flow due to the firm adhesion of leukocytes to the
capillary wall (7.8}

To minimize the deleterious effects of CPB, many centres
around the world perform coronary revascularization without
CPB using off-pump coronary artery bypass grafting
(OPCAB). The advantage of the OPCAB technique is mostly

seen in the clinical data (9,10). The aim of the present

prospective, randomized study was to investigate the effect of

«coronary bypass surgery with or without CPB on the inflam-

matory sesponse parameters and on newtrophil adhesion mol-

ecule expression
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TABLE 4 " ”
Preoperative and postoperative data of patients

CPB group OPCAB group
Age tysars) 633421 634128
Sax (maleflemale) 28 a
Number of grafts 301045 3420
Blgod logs (mL) 860842003 14781865
Tirme in lntenaive care unit {r) £0.0815.8 43,3424
Time in hospite! (n} FTBLNE 25154120
Levial of trapiaiin | duritg aurgery (UL DBI0I4 0174008
Level of toponin Lo postoperative day T (UL 283082 04107
Lavel of toponin | on postopeiative day 2 (ULY  2.0840.75 0.2420.08

CPB O with cerdiopulmons ; OPCAB Oparated without car.

PATIENTS AND METHODS

Patients

Cyrokine: release and adhesion’ molecule expression on whire
blood cells (WBCs) were assessed in. 20 patients. Ten consecutive
patients undergoing coronary surgery with CPB (CPB group) and
10 parients operated without extracorporeal cireutation (OPCAB
group) were entolled: Clinical data of patients are presented in
Tahle 1. The study protocol was approved by the Medical Ethics
Cormmittee of Zala Country Hospital, Hungary, and inforimed con-
sent was obtained from all patients.

Exclusion criteria of the study wese as follows: recentmyocardial
infarction (less than three months); acure aperation; re-tpetation;
infection; immunoloyical disease; wmpur; doute or chionic renal
failire; respiratary impairment; previvus stroke; and coagulopathy.

Blood sampling

Blood sansples wete evllected from the cencril vein at different
time points during the surgery and the fitst postuperative week.
The protocol for blood sampling in the CPB and OPCAB groups
is shown in Table 2.

WBC count and troponin 1 level measurement

The measurement of WBC count and teoponin [ level was a parc
of the routtnely used clinical investigation, The WBC count was
‘determined in 10° cells per lizve (G/L), the level of troponin I'in
plasma was measured in units per lirer (U/L),

Assessment of tumour necrosis factor-alpha:

To measute the tumour niecrosts factor (TNF) contert, blood was
collected in boreles containing 4.5 ml. of sodium heparin. The
blood was stimulated by 500 ng of phorbol. 12 myristate-13-acetate
and incubated at 37°C for 4 h. Thereafter, the samples were cens
erifuged at 3000 g for 10 min, following which the serum was sep-
arated into Eppendorf vials and fromn 1o ~75°C undil the
measurement. The samples were measured for TNF level within
three weeks according to the protocel (RED Systemns Inc, USA),
and the final value was expressed in pgfml.,

Analyzis of adhesion molecules

Flow cytometry was used to derermaine the level of adheslon mol-
ecules expressed un leukocytes. The cospulation of the blood
was attenuated by sodivm citrate, The samples wert incubated
with antibodies against CD1la end CDI8 molecules (BD
Bioseiences, USA) for 15 min. The antibodies were stained with

Exp Clin Cardiol Vol 8 No 1 2004

Inflammatory response following coronary revascularization

TABLE 2

Protocol for blood sampling

Sample name CPB group OPCAB group

Cantral ARar tha induction of anesthesia

Isahamia During the cross- Buring the performing
clamping of thesota:  of tha last graht

Reparfusion 30 min afler cessation.  3( min after compietion
of aoia.ross-clamping  of the last graft

Posioperstive day 3

Postaperative day 7

diopumonary bypass

fluorescein isothiocyanate (FITC). The red blood cells were
lyzed by hypo-osmotic ammonium chlotide solution,
{BD Blosciences, USA) for 12 min. To separate the monocytes,
CDI4-FITC siaining was applied. Each sample was centrifuged at
300 g for 7 min. The pellec was thet diluted by 2 mL of phosphate
buifer solution and centrifuged once more (at 900/min for 7 min).
The peller was fixed by 0.5% formaldehyde solution and stored at
4°C. The samples were measured by BD FacsCalibur
(BD Biosciences, USA) floweytometet within five days. To derer-
mine the aspecific staining mouse antiimmunoglobulin Gy-kappa
was used according to the abovementioned protoccl. The results
were analyred by Cellquest software (BD Biosclences, USA),
measuring the expression.of adhesion molecyle in arbitrary units
(AU).

‘Correction and statistical analysis

Because marked hemodilution was present ity the CPB group, a cor-
tecticn needed to be used to determine the final value of WBCS,
aeutraphil count and TNF according o the following formula:

S . Concentration x hematocrit of sontrdl blood sanple
Corrsicted valug = :
. Hemocritof the measured blood sample

“This formula was ot used to caleulate the results of flow
Cytpmetry, Data were presented as mean + SEM.

A comparison of the data between the two groups was done
with unpaired Student’s ¢ test, Comparisons between the con.
trol data were made using paired Student’s ¢ test, Differences
were considered significant at P<0.05.

RESULTS
There was no hospital moreality, pulmonary insufficiency or
neurological complication in the two study groups. Table 1
shows the most important clintcal data of the patients. There

. was 3 modest difference in the total postoperative blood loss,

which was 889.6:2003 ml in the CPB group ang
T47.174649 mL in the OPCAB group. Troponin | levels
measured at all time points differed significantly berween the
two groups. On postopérative day 2, this sensitive indicator of
myocardial injury was many times higher in the CPB group
than in the OPCAB group (2.06+0.75 UL versus
0.24+0.08 U/L, respectively).

WBC count and neutrophil PMN count increased rapidly
after teperfusion in both groups, and the highest value tegistered
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Figure 1) White blood cell (WBC) count in patients operated with
(CPB) or without (OPCAB) cardiopulmonary bypass. #P<0.05 com-
pared with the control (Cont; preoperative) values; *P<0.05 for com-
parison of the two groups at the same time as when blood samples were
taken. Gl 10° cells per litre; Isch Ischemia

Figure 3) The plasma level of stimulated tumour necrosis factor
(TNF)-dlpha in patients (;peraned with (CPB) or without (OPCAB)
cardiopulmonary bypass. *P<0.05 compared with the control (Cont;
preaperative) values; *P<0.05 for comparison of the two groups at the
same time as when blood samples were taken. Isch Ischemia
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Figure 2) Neutrophil count in patients operated with (CPB) or with-
out (OPCAB) cardiopulmonary bypass. *P<0.05 compared with the
control (Cont; preoperative) values; *P<0.05 for comparison of the
two groups at the same time as when blood samples were taken.

Gl 10° cells per litre; Isch Ischemia

on postoperative day 2 in the CPB group (WBC count,
7.974+2.007 G/L versus 20.20£8.57 G/L). After this time
point, the WBC and neutrophil count decreased slowly. The
difference in WBC count between the groups proved to be sig-
nificant on postoperative day 7 (P<0.05; Figure 1). The neu-
trophil count of the two groups differ significantly on
postoperative days 3 and 7 (P<0.05; Figure 2).

The mean TNF value increased soon after surgery in the CPB
group (Figure 3). It reached a maximum on postoperative day 1
when compared with baseline (560.53£306.7 pg/mL versus
2005.25+492.5 pg/mL). A significant difference was also found
during the first postoperative days (days I to 3) between the two
groups of patients, with a notable increase in the CPB group.

The surface appearance of CD11a and CD18 adhesion mol-
ecules expressed by granulocytes was characteristic in both
groups. The expression of CD11a and CD18 changed similarly

28

Figure 4) Expression of CD1 la adhesion molecule in patients operated
with (CPB) or without (OPCAB) cardiopulmonary bypass. #P<0.05
compared with the control (Cont; preoperative) values; *P<0.05 for
comparison of the two groups at the same time as when blood samples
were taken. AU Arbitrary units; Isch Ischemia; Rep30 Reperfusion
after 30 min

in each population of leukocytes. The CD11a level on the sur-
face of WBCs (Figure 4) tended to decrease in the early phase
of reperfusion; thereafter, it increased. The expression of inte-
grins was markedly higher on granulocytes from CPB patients
than from OPCAB patients, especially on postoperative day 2
(48.6£5.9 AU and 71.2+9.7 AU in the OPCAB and CPB
groups, respectively, P<0.05)

DISCUSSION
Although conventional coronary artery bypass grafting with
the use of CPB is a safe and effective procedure, it is known to
evoke many side effects. Pulmonary dysfunction occurs fre-
quently, mostly caused by activation of inflammatory processes
like degradation of complement proteins and aggregation of
WBCs in the capillaries of the lung. Intestinal ischemia and
acute abdominal complication amounted to 1%; furthermore,
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neurological troubles and cognitive dysfunctions accounted
for 7% to-25% of all complicattons due to'CPB (11): These
Eomplications dezue a8 a restilt of emboli made up of choles-
terol, thrombus or air bubbles. Renal &ysfuncnm resulting
from CPB isalso likely well known. Metabolic acidosis, throme

bocytopents; perturbation in coapulation and fibrinolysis ate
wmeumesuhseﬁed(li) ‘The inflammatory reactions may play
akey role i the genesis of catastrophicicomplications following
CPB. This condirion can lead to postperfusion syndrome Involv-
ing fevet, Auid accumulation in the interstitial space dnd
decreased systemic vascular resistance (12-15). There are large
numbers of studies investigating strategies to inhibit the inflam-
matory résponse during coronary surgery, thus attenuating the
side effects of CPB. Aprotinin, coricosteroid (16), heparin-
coated cireuit (17) and leukocyte depletion (18) are thought to
attenuate inflammatory reactions mediated by CPB.

Récent artention has focused on the effect of the OPCAB
technique wad:mgoarhslmringi\am sithout extracorpores]
circulation (9,10): Several comparative studies. have proved
that the OPCAB strgery may reduce mortality and morbidity
(9:19,20), According to thiese studies, the OPCAB operation it
associared with notble decreases in postoperative blood loss
and need for transfusion, and with a shortened time period on
ventilatory support and in intensive care. Refesring data in
patients enrolled in our study have shown similar context.
Increased WBC and PMN counts can be observed in each
gioup; however, it was more renarkable in the CPB group,
reflecting the more interisive inflanimatory reaction, Sevezal
authors have investigated the level of proinflammatory
eyrokines during coronary bypass with or without CPB, Fransen
etal (21} reported that the elevated promflammatory reactions
are caused by surgical traume. They sugpested that interleukine6
is determined by the surgical invasivity rather than because of
reperfision or myocardial injury (3). Further aticles (22.23)
have shown significant and long-lasting elevations of TNE, just
a8 we observed, Matata et al (22) reported that the first step
in the inflammatory tesponse to CPB is the activation of
tomplements and PMNs, followed by the production of early
proinflammatory (IL-8) cytokines and thereafter TNE The
elevated level of TNF may tesult in decreased contractile
function and coronary flow (24). TNF provokes certain
inflammatory ptocesses, whereas further activation of FMNs
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and complement caseades are not associated with TNF
expression (22).

“We tielieve this study is the firit to measure the expression
of CD11a and: CD18 molecules in patients underzoing coro-
nary surgery with or without CPB during the first postoperative
week. During surgery. and in the actite postoperative period
{postoperative day 1), the eipesion of these miolecules
decreased in both groups. It can be explained bydmadhﬂ'mce
afPMNs expmsms largu amount cfmtegrins. ln contrast,

expmsmn in the CPB group, wuh agniﬁcam dt&‘erems-
between the two, onpostoperative day 2: The integrins:
allow the PMNs to pass through the capillarles by joining com-
plementary moleculés expressed by endorhelial cells, The
expression of endothelial cell:derived adhesion molecules can
be measuired by obtaining its soluble level in the plasma, Matata:
et al (22) performed this measurement and demonstrated the
elevated level of ICAM-1 that is known to adhere to the LFA-1
(complex-of CD1la and CD18): Thus, the probability of the
diapedesis of PMNsis higher due to the elevated ICAM-1 level.
Based on our findings, we can suppose that the increased LFA-1
expression isa causarive factor for the increased migration of
PMNs through the vascular wall. Furthermore, the extreme
adhesion of PMNs can lead to leukocyte aggregation (leukosta-
sis), producing a disturbance in capillary flow.

Based on our findings snd literary data, we can suppose that
the extensive inflammatory response to open heart surgery
results from CPB. Susgical manoeuvres, contact of blood com-

‘ponients with an artificial surface, sortic cross-clamping and

teperfusion: injury are considered the main causative factots
determined by the activation of neutrophils; eytokines and
adhesion molecules. Preventing the activation of nflamma:
tory response: reactions with the OPCAB technique has the
ability to reduce the potential mortality and morbidity of the

patients with'coronary artery bypass grafting by extracorporeal

cireulation,
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