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1. INTRODUCTION

1.1 Historical background

Collaborative endeavor of many researchers culminated in development of heart-lung
machine, cardiopulmonary bypass (CPB), which is one of the major technological advantages
in medicine. Application of CPB provides controlled operating condition thus allowing the
widespread use of CPB after its development. Nowadays, CPB is routinely used around the
word, nonetheless questions about the effect CPB on patients are also open now, and
investigations are still active to improve our understanding about impacts of CPB on patients.

In fact, LeGallois first proposed the idea of artificial circulation in 1812, with the
conception that work of heart can be replaced by arterial pump. The feasibility of total body
perfusion together with removing of heart was realized by experiments of Brukhonenko but
this work was ignored widely. The first instrument for extracorporeal oxygenation was
constructed by Frey and Gruber [1]. For development of CPB further invention of blood
groups, positive pressure ventilation, and nontoxic anticoagulant, heparin, its antagonist
protamin and discovery of new synthetic materials were required. In 1934, DeBackey
reported a reliable method for displacing large volume of blood by roller pump [2]. Thereafter
Gibbon firstly constructed a heart lung machine and it was used in animals in 1937 [3]. In
1953, he successfully applied the CPB apparatus for closing an atrial septal defect of a young
woman [4]. Till 1964 there were only sporadic cases of operation on coronary arteries, only
following the systematic development of coronary angiography was it possible to standardize
surgical strategies. Then there was a rapid growth in the number of procedures with CPB. In
the 80s and 90s the standardized technique using CPB entered into “golden ages” following
the development and improvement of oxygenators, surface of tubes and technique of
myocardial preservation.

Although mortality and morbidity of open-heart surgery had decreased due to new
improvements; complications and unwanted events are still associated with application of
CPB. Several of these factors could be diminished by investigations. Kirklin firstly
characterized the term of postperfusion syndrome for condition of unimpressionable and
marked activation of inflammatory processes due to application of CPB [5], which remained

the major side-effect of heart-lung machine.



Figure 1.: The first applied heart-lung machine designed by John Gibbon (Cardiopulmonary
Bypass, Ed. Mora CT, Springer —Verlag; 1995)

For these unwanted events associated with CPB, CABG performed without CPB
gained increased attention. Off-pump coronary surgery (OP) is a quiet old technique first
performed in 1964 by Kolessov [6] and was soon abolished by development of CPB. After
the trials of Kolessov some working groups gathered experiences with CABG without heart-
lung machine [7]. In the past decade there has been a renewed interest in performing CABG
without application of CPB, thereby eliminating cannulation, aortic cross-clamping and

extracorporal circulation together with their unwanted, damaging effects.

1.2 Pathophyvsiology of cardiopulmonary bypass

Majority of operations in cardiac surgery necessitate the applying of CPB. Despite the
advances of CPB in safety and over 50 years of practice it is known to provoke complex
cascades of particularly unknown physiological processes. These self-excitatory factors are
responsible for generation of CPB-associated complications.

One of these factors results from opening of aorta and right atrium for cannulation. It
serves as an additional invasivity and remaining sutures after emergence from CPB moreover
it can also facilitate the development of air and atheroembolisms. Regardless of effective

anticoagulation there is a possibility of thromboembolisms because of trombogene surfaces of



cannulas, tubes and oxygenator. Excessive anticouagulation and administration of protamin
(“protamin reaction”) can result in further complications, moreover disseminated
intravascular coagulation can occur causing the most frequent incidence of early death during
application of CPB [8]. On other aspect, injurious mechanic effect of roller pump and
. oxygenator takes place, while blood passes through small diameter of wires thus leading to
damage of blood cells and haemolysis. Further damaging effects are produced by heater while
cooled blood of extracorporeal circulation is quickly warmed up in the heater. Nonetheless
there is a possibility of hypoperfusion and inadequate oxygenisation [8].

Central importance belongs to the activation and over-activation of inflammatory processes to
CPB. Inflammatory response may be the most common and versatile consequence of CPB.
Inflammatory-based reactions of CPB have even local and systemic aspects and several

characteristic of this is less-known yet in spite of its pivotal importance.

1.2.1 Inflammatory response to cardiopulmonary bypass

The hallmark of inflammatory response is highly complex and confusing interaction of
processes with various cascades and pathways involving exaggeration and over-activation of
humoral and cellular immunity [5,9,10]. This condition arises mainly from the following
factors during CPB [11-13].

e blood exposure to artificial surface

e contact of blood with non endothelial covered surfaces of body

e operative trauma

| e excessive administration of heparin, protamin

e ischaemia-reperfusion injury after global ischemia of heart

e damage of lung arising from hypoperfusion

e damage of barrier of intestinal mucosa

e endotoxaemia

e systemic embolisms

e abnormal blood gas interfaces

As an initial step exposure of blood to non-endothelial surfaces activates the complement
system [9]. Both alternative and classic pathways are involved in complement activation.

Contact of blood with extracorporeal circuit triggers formation of C3a, C5a whereas C4a and



C2 is activated by heparine and protamin administration further rising the level of C3a. Both
pathways are activated by endotoxin release [12]. Vasoconstriction, elevated vascular
permeability, activation of neutrophil leukocytes and mast cells, aggregation of platelets,
chemotaxis are facilitated by C3a and C5a proteins arising from lysis of complement proteins
[14]. Complement receptors are expressed on WBC regulating their activation. On the other
hand it also serves as natural inhibitor of complement activation [9]. Accumulating evidences
show the activation of complement system and appearance of complement anaphylotoxins in
patients plasma during and following CPB [11,12,15]. Complement degradation products
peaks at the end of CPB till the end of 1% postoperative day (POD). Kirklin and colleagues
demonstrated direct correlation between CPB time and C3a concentration moreover

association between organ dysfunction and elevated complement levels were established [11].

Complement products interacts with their high affinity receptors of WBC. Thus WBC
convert to activated state leading to changes in gene expression and function. Activation of
different subsets of WBC is a pivotal part of inflammatory response to CPB with further
important influences. Ischemia —reperfusion (IR) is a crucial activator of WBC in course of
CPB. Typically, application of CPB is associated with aortic cross clamping (ACC) thus
causing global ischaemia of the heart and discontinuing pulmonary perfusion through
pulmonary artery. Various factors have been implicated as mediators of leukocyte activation

in IR (reactive oxygen species, inflammatory mediators, cytokines, nitric oxide) [16].

As a general consequence of CPB, adhesion molecules are presented on WBC leading

to interaction between the endothelial cells (EC) thereby extending tissue damage [17]. Upon
expressing adhesion molecules WBC can attach to endothelial cells and transmigrate through
vessel wall trough four-steps process: firstly, WBC become less deformable and roll along the
endothelial cells, secondly, leukocytes join to EC. During third period of extravasation WBC
are firmly attached to EC and finally they migrate through the gaps of endothelial layer.
Subsequent to extravasation, WBC enter into interstitial space and bind to interstitial cell or
extracellular matrix [16,17]. Four families of adhesion molecules regulate the interaction
between endothelial cells and WBC and the migration of leukocytes across the capillaries:
selectin, integrin, immunglobulin and kadherin families [17]. The integrins have the most
important role during the phase of tight binding between WBC and EC. The leukocyte
functional antigen (LFA-1) belongs to the integrin family, which is made up of the complex

of CD11a and CD18 molecules. The LFA-1 appears to be the ligand of intercellular adhesion
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molecule-1 (ICAM-1) produced by the endothelial cells. Several papers have noted the

elevation in adhesion molecule expression as a consequence of CPB [18-19].

Responding to CPB polymorhonuclear leucocytes (PMN) release oxidants and

proteases and further inflammation- amplifying products resulting in tissue damage [19].
Monocytes (MC) also play a pivotal role in regulation of inflammatory processes and the
exact change in phenotype of monocytes during CPB is not well determined [20,21]. The
crucial role of lymphocytes (peripheral blood lymphocytes, PBL) in the pathophisiology of
reperfusion and inflammation is now well established, nevertheless the change in activation
and the modification of lymphocytes phenotype under CPB appear to be ambiguous [22].
Mast cells and basophils are also involved in inflammatory response in cardiac surgical
patients. Product of above mentioned cells can affect other inflammatory cells, EC and
vascular smooth muscle cells moreover these products have multiple pro-inflammatory and
coagulation-influencing effects [13]. Similarly to leukocytes, platelet exhibit change in shape,
presentation of adhesion molecules and activation responding to CPB and ACC. Upon platelet
activation WBC-platelet conjugates can be formulated leading to intravascular obstruction.
Even though, release of intracellular contents can lead to tissue destruction and disturbances
in coagulation [23].

Alteration in cascade of coagulation during and following CPB worth mentioning
here. Process of inflammation and coagulation correlate considerably and according to
induction of coagulation both local and systemic inflammatory response is activated [23].
Tissue factor appears on mononuclear cells due to cytokines. Throughout VIla factor trombin
is generated playing pivotal role in coagulation disturbances during CPB. Production of

thrombin is known to amplify inflammatory response further.

Essential consequence of inflammatory-cell activation is the release of different
cytokines. Cytokines might be the most crucial and central contributor of inflammatory
processes thus prolonging and enhancing or even blunting the inflammatory reactions. Central
importance belongs to production of cytokines regarding these mediators orchestrate the
inflammatory processes, cellular activation, and leukocyte migration. At normal, healthy
condition cytokines are almost undetectable in peripheral blood, nonetheless these proteins
are necessary for optimal function of immune system. Production of cytokines can be
stimulated by wide variety of insults such as ischaemia, endotoxin release, surgical trauma or

infections both locally and systematically [12]. Although cytokines at appropriate dose act as
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an important regulator of normal defence and repair processes. Moreover in complicated cases
the sensitive balance between different cytokines can be blunted implicating in development
of impaired healing processes and complications. Some cytokines in extremely elevated
concentration can modulate the function of organs locally and even at distant location from
involved organ. Dominant anti-inflammatory effect however can blunt adequate immune
response aggravating defensive mechanisms and healing processes. The most studied pro-
inflammatory cytokines include interleukin-6, interleukin —8 (IL-6, IL-8) and tumor necrosis
factor a (TNF) [24]. There is no doubt in the literature that CPB is associated with increased
release of different cytokines [24].

Further suggestion on damaging effect of WBC activation comes from studies
reporting protease release to the circulation following CPB. These products of WBC break
down collagen, elastin and fibronectin thus destroying extracellular structures moreover it
contribute to capillary leakage that leads to electrolyte imbalance and fluid extravasation [34].
On other respect these proteases augment complement activation and systemic inflammatory
response and evidences show the correlation between the degranulation products and multiple

system organ failure [34].

Release of arachidonic acid from various sources leads to formation of tromboxanes,
leukotrienes and prostanoids. Tromboxane A2 is a metabolite of vasoconstrictor effect and
also promotes platelet aggregation. Leukotrienes are potent chemoatractants and exhibit
increasing of vascular permeability. One the other hand, prostaglandins (PG), such as
PGE1,PGE2, PGI2 has platlet antiaggregant function and protective role on the heart and
lungs has also been described|[12, 35].

Cascades of inflammatory processes cause alteration in functional state of endothelial
cells. EC activation during and after application of CPB exhibits wide variations. Like
leukocytes endothelial cells are known to produce adhesion molecules upon CPB referring to
their activation. Several paper stated endothelial activation on the basis of examination of
selectins and nitric oxide (NO) [18, 26]. It is proved that proinflammatory cytokines and
endotoxin can provoke NO release through inducible form of nitric oxide synthase (iNOS)
[27]. Disproportionate amount of iNOS mediated NO release results in vasodilatation and
increased vascular permeability [27, 28]. However EC are the target of harmful effects of

inflammatory processes so that endothelial damage and dysfunction is also widely reported
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[28]. On this reason expression of NO is impeded and G- protein dysfunction occurs thus
provoking coronary vasospasm or even pulmonary hypertension and mesenteric artery spasm
[29,30]. With regard of endothelins, significant release of this peptide has been shown in
patients receiving CPB [12].

Zu and colleagues supposed correlation between endothelin-1 level and renal dysfunction
after CPB [31]. Additionally, association between endothelin-1 concentration and endotoxin
level were also established [32].

Vasomotor and EC dysfunction to CPB can be summarized as follows: decreased
basal tone and impaired vasoconstriction of skeletal muscle vessels, initially and decreased
coronary tone during cross-clamping and amplified vascular tone with increased propensity to
spasm, vasocontractile response in vasculature of lungs, intestine and brain thereafter [33].
Vasoconstrictor effect of endothelin may aggravate intestinal hypoperfusion during CPB
which can damage the intestinal barrier thus enhancing the invading of endotoxin in the blood

stream.

Indeed, endotoxin release is one of the major factors for maintaining and augmenting
inflammatory response in course of CPB. Lipopolysaccharide (LPS) is produced by gram-
negative bacteria. LPS anchorages to CD14 molecule of macrophages through its complex
with LPS-binding protein. Consequently, macrophage cell increase their production of TNF
and other pro-inflammatory cytokines, thereby generating inflammatory response to
endotoxin. Elevation of endotoxin level during application of CPB was demonstrated in

numerous studies [12].

1.2.2 Role of oxidative injury in the pathomechanism of cardiopulmonary bypass

One of the most important consequence of the CPB-mediated inflammation is
excessive generation of reactive oxygen species (ROS).The impact of ROS is widely accepted
in aging, reperfusion, atherosclerosis, heart failure, diabetes, several chronic and autoimmune
diseases [36,37]. Open heart surgery is associated with markedly increased generation of ROS
partly because of IR of myocardium and other organs, partly due to application of
extracorporeal circulation alone [38, 39]. ROS are implicated essentially in the generation of
complications, increasing the incidence of postoperative morbidity and worsening recovery

after CPB [40].
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Main chemical hallmark of the production of ROS is the gaining of molecular oxygen by
electrons formulating highly reactive intermediate of short live-time, this event generate

free radical known as superoxide anion (O,-"). Further reactive products are generated by
catalytic reactions (Haber-Weiss, Fenton reactions, dismutation), such as hydroxil radical
(HO"), hydrogen-peroxide (H,0,), singlet oxygen ('0,) and hypochlorous acid (HOCI) (Fig
3.). Superoxide can further react with nitric oxide generating more reactive radical,
peroxinitrit (ONOO-) [41]. Although these radicals are continuously produced by healthy
body, in pathologic condition the generation of ROS exceeds the batteries of counter-
regulators and cellular damage occurs. ROS can damage cells by reacting with their
constituent molecules. All important components, macromolecules are susceptible to ROS
attack [41]. In proteins primary sulphur-containing amino acids are targeted to reaction with
ROS thus deteriorating function of transcription factors, Na-Ca exchangers, and proteins
required in energy metabolism. Lipids, membranes are highly vulnerable to oxidation trough
chain reaction, known as lipid-peroxidation. Attack against nucleotides leads to DNA
damage, resulting in impaired protein expression, cell death or mutagenesis. Reaction with
thiols can cause activation ROS-associated signal transduction disturbing cell functions.

The most general source of ROS is the mitochondrion. In certain condition such as
reperfusion this endogenously formed ROS increase considerably, disproportional to endogen
defense mechanisms. Inflammatory cells, however, are the most important source of ROS
during disturbances producing huge quantities of radicals by nicotine-adenin dinucleotide
phosphate (NADPH)- linked oxidase (Fig. 3.) [41]. The abovementioned process of
leukocyte-mediated ROS generation occurs in the surroundings of activated leukocyte. If
these activated phagocytotic cells are in extracellular localization they can inflict tissue injury
through this way. Even though, NADPH oxidase is presented by EC, vascular smooth muscle,

myocardial cells, which is a major source of ROS in pathological conditions.

All of cells evolve a defence mechanism to prevent harmful effect of free radicals.
Enzymatic antioxidant includes superoxide dismutase (coverts superoxide anion to hydrogen
peroxide), catalase (degrades hydrogen peroxide to water), peroxidases such as gluthation
peroxidase (destroy hydrogen peroxide). Glutation, vitamin E, ascorbic acid, uric acid belong
to non-enzymatic antioxidants which can directly scavenge free radicals. Specific defence
mechanism functions against ROS-mediate DNA damage. The function of poly (ADP-ribose)
polymerase (PARP) contributes to DNA repair and maintenance of genomic stability by

forming ADP-ribose polymers (PAR) [42]. Formation of PAR (ribosilation) also regulates the
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function of transcription factors and expression of various proteins thus influencing the
cellular response to injury of ROS (Fig. 3.). Nonetheless, excessive generation of ROS causes
overactivation of PARP which consumes NAD+ and ATP leading to cellular death and/or
enhancing inflammatory processes.

ROS takes important place in regulation of cellular signal transduction [37]. Most of

signal pathways are known to be redox-sensitive [43]. Mitogen activated protein kinases
(MAPK) and nuclear factor kappa B (NFKB) are the well studied ROS-associated pathways.
The activation of different pathways is highly dependent on dose and durability of oxidative
stress. Signalling of proliferation, cellular damage, impaired function and type of cell death is
regulated through these. NFKB is activated by oxidative injury and by pro-inflammatory
cytokines like IL-1 and TNF. Anti-inflammatory mechanisms like expression of IL-10 are
known to block NFKB [9]. Activated NFKB plays key role in regulation of pro-inflammatory
cytokines, adhesion molecules and activation of inflammatory and endothelial cells. Drugs of
antioxidant effect act as influencing of signalling pathways of oxidative stress.
Certain neurogen peptides, have well-known effect influencing the consequences of oxidative
stress. Pituitary adenylate cyclase activating polypeptide (PACAP) was first isolated from the
hypothalamus and it takes an effect on stimulating adenylate cyclase (AC). Through AC
activation, it elevates cAMP, and activates protein kinase A (PKA), which can further
influence signalling pathways involved in cytoprotection against oxidative stress. PACAP has
potent anti-apoptotic effect in various cell types. On the other hand, neurogen peptides, like
PACAP provide significant anti-inflammatory effect.

Oxidative stress, damaging effect of ROS is manifested if generation of free radicals is
excessive in relation to antioxidant defences. Cells can adapt to oxidative stress if it is
moderate and occurs slowly. Overwhelming oxidative injury however leads to cellular death
or impaired cellular function.

Depending on severity, damage of oxidative stress can either cause irreversible
dysfunction or cellular death. Reversible injury in the heart is referred to as myocardial
stunning, which is widely documented following short-term restoration of coronary flow,
leading to ischemia less than 15-20 minutes in duration. This condition results in prolonged
depression in cardiac contractile function after reperfusion [44]. The incidence of myocardial
stunning in patients after conventional CABG ranges from 20% to 80%. In patients with poor
preoperative results, stunning may lead to profound reduction of contractile function [44, 63].
Another cause of loss of cardiac function following IR or CPB is the programmed cell death,

apoptosis. Attack of ROS generates the signalling pathways of apoptosis. Increasing body of
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evidences suggest that apoptosis play important role in pathomechanism of CPB-mediated
myocardial damage. More severe injury of oxidative stress leads to necrotic cell death, which
is: the less desirable form of cellular damage. Removing of cellular components is impeded
and local inflammatory reactions are generated by necrotic cell death. Mentioned function of

ROS to influence cellular signalling is responsible for decision of apoptosis or necrosis.

1.2.3 Inflammatory events at the organ level: Systemic inflammatory response syndrome

CPB is often associated with pathophysiological changes involving systemic activation
of inflammation together with clinically manifested symptoms. This condition is similar to
circumstance which occurs in sepsis or shock and is known as systemic inflammatory
response syndrome (SIRS). Activation of cellular and humoral cascades of inflammation can
be exaggerated in certain cases and its cellular accumulation is believed to play a major role
in the pathophysiological events leading to organ dysfunction or multiple organ failure (MOF)
[23].

Myocardial dysfunction:

The heart receives significant stress during conventional cardiac operation resulting in
myocardial dysfunction. The damage of heart is a consequence of ischemia-reperfusion
injury, mechanical effects (surgical maneuvers, moving, positioning of the heart, and opening
of cavities of the hearts), cardioplegia, applying of cardioplegic solutions and chilling of heart
[23]. Using of CPB is associated with enormous postoperative release of markers of
myocardial damage [44, 45]. Accumulating evidence indicates correlation between

inflammatory markers and development of myocardial functional impairment following CPB.

Pulmonary dysfunction, “pump-lung”:

Clinical and experimental studies suggest that lungs are at greatest risk during
application of CPB. In setting of CPB lung are excluded from circulation and are nourished
only through bronchial vessels. The pulmonary dysfunction following CPB - also know as
“pump lung” - is manifested by increased vascular resistance, interstitial leakage of fluid,
decreased pulmonary compliance [23],. The subsequent inactivation of surfactant causes
atelectases and increase in intrapulmonary shunting [23, 44]. Although this effect tends to be
subclinical in majority of cases, 10 % of patients develop marked respiratory failure including

0,25 to 2,5% of cases developing adult respiratory distress syndrome (ARDS) [46]. Recent
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studies suggest that systemic and pulmonary accumulation of inflammatory mediators are

primary responsible for clinical signs of respiratory failure after CPB [9, 23, 46].

Renal dysfunction

Moderate to severe renal failure can occur in 7% of patients. An additional 20% of
patients receiving CPB develop with transient azothemia [47]. Duration of CPB, preoperative
renal function are reported to be significant risk factors for acute renal failure [47]. Manifest
renal failure after CPB is related to extremely high mortality rate above 50% [48]. Correlation
was observed between plasma endothelin and elastase level, and renal tubular damage [48].
PMN accumulation shows a relationship with renal damage following CPB. On the other
hand it is evidenced that high concentration of TNF increase glomerular fibrin deposition and
causes vasoconstriction with decreased glomerular filtration leading to kidney dysfunction
[9]. Apart from activation of inflammatory events hypoperfusion, non-pulsatile flow and

hypothermia are thought to contribute to acute renal failure [48].

Cerebral dysfunction

The development of neurological dysfunction occurs in 7% to 25% of patients
undergoing CPB, with smaller incidence of permanent or local defects [47]. Nonetheless,
majority of CPB-associated neurological defects are proved to be reversible resolving over a
3- to 6-mounth period [47]. However Garner reported a persistent decline in cognitive
function in 10 % of patients 1 year after cardiac surgery [47]. Pathophysiological changes
causing neurological complication are not fully elucidated but resulted from decreased
cerebral blood flow, embolic, infarct events. Central contributor of this dysfunction is the
release of inflammatory mediators [23]. Blood brain barrier is seems to be intact following an
usual CPB suggesting that cerebral dysfunction is not directly caused by accumulation of

inflammatory cells, rather systematically released mediators [49].

1.2.4 Therapeutic, anti-inflammatory strategies

Based on improving understanding about pathomechanism of CPB therapeutic

measures have been tried to diminish damaging effects.

Pharmacological strategies

Glucocorticoids. Corticosteroids act to reduce pro-inflammatory processes such as,

oedema formation, complement activation, leukocyte migration, release of pro-inflammatory
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cytokines, collagen deposition [9]. Steroids have been used in studies during open heart
surgery for 30 years [9]. Administration of glucocorticoids caused significantly less
vasoconstriction, improved perfusion flow and postoperative cardiac index [12]. Although
some studies confirmed the superiority of steroid pre-treatment without negative outcome,
controlled trials have not demonstrated efficacy in reduction of complications and prolonged
recovery [9, 12]. Well-known side effects and adverse outcomes are resulted from steroid
treatment which can explain why administration of steroid has not been spread in the clinical
routine [12].

Protease inhibitors. Aprotinin administration improves haemostasis after CPB thus
reducing transfusion requirement. Aprotinin reduces TNF release and neutrophil integrin
expression [51]. High dose of aprotinin treatment inhibits complement activation, neutrophil
elastase release and kallikrein production [S1]. Recent publications emphasized that protease
inhibitors act to prevent the transcription factor NFKB consequently reducing the expression
of several inflammatory mediators [50]. Wendel and associates demonstrated significant
reduction of postoperative troponin T, CK-MB values in patient following CABG [176].
Treatment with aprotinin also decreases blood loss following surgery and reduces mortality to
almost two fold, furthermore decreases the frequency of surgical re-exploration and the length
of hospital stay [9, 51]. Despite the evidences further studies are needed to evaluate the
clinical use of aprotinin as an agent of anti-inflammatory effect [9]. Recent trials conclude
contradictions about aprotinin administration during cardiac surgery [177]. Aprotinin
treatment may associated with increased risk of serious end-organ damage.

Antioxidants. Release of ROS is a crucial event of pathophysiology of CPB, so there
is a place of antioxidant administration. Application of CPB lead to marked depletion of
endogenous o~tocopherol and ascorbic acid [52]. Some papers reported beneficial effect of
vitamin C or E treatment, others established difficulties to demonstrate clinical significant
benefits [9, 12].

Phosphodiesterase inhibitors. These drugs increase intracellular cAMP and Ca levels
increasing myocardial inotropy and decreasing vascular resistance. Preliminary results
confirmed encouraging results [53].

Complement inhibitors. Application of antibody that binds to complement C5 has
been shown to be safe, well tolerated and effective. Treatment with this antibody reduces C5a
and C5-C9 levels and decreases CK-MB concentration following CPB [54]. Despite
complement activation appears as an initial event of inflammatory process blocking of

complement system may be unable to inhibit inflammation due to its multiple pathways [9].
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Sodium nitroprusside. Administration of NO donors can prevent pro-inflammatory
effects by inhibiting inducible NOS and can block adhesion molecules [55]. Seghaye and
coworkers and Massoudy et al. documented anti-inflammatory properties of nitroprusside in

CPB-patients [55].

Modification of technique of CPB or mechanical devices

Heparine-coated circuits. A thin layer of heparin molecules on the surface of circuit
and oxygenator act as glucoseaminoglycans on EC surface and are proved to reduce contact
of blood with foreign materials [9]. Complement activation, leukocyte priming, cytokine
release and kallikrein activation are decreased using heparin-coated surfaces [56, 57]. Ovrum
and co-workers reported that low dose heparin is as safe as usual high dose during application
of heparin coated circuit thus several heparin-associated side effects can be eliminated [57].
Some experimental and clinical studies demonstrated advantageous effect of heparin —coated
circuits on pulmonary or myocardial function [56, 57].

Leukocyte depletion. Since leukocyte activation is a crucial part of inflammatory
response to CPB, there is a reality of leukocyte depletion using specific filters. Although this
technique is effective of reducing CK-MB release and improving pulmonary function routine
application of leukocyte filters remains to be demonstrated [9].

Ultrafiltration. This effort was firstly tried to remove excessive water thereby
improving haemodynamic parameters [58]. Certain low molecular weight inflammatory
markers are also removed leading to reduction of cytokines and adhesion molecules,
nevertheless ultrafiltration has not been associated with clinical advantages [58].

CPB flow, pumps and oxygenator. Pulsatile flow leads to reduction of endotoxin and
other pro-inflammatory mediators [59]. Application of centrifugal pumps induces
controversial results regarding inflammatory response [9]. Type of oxygenator can also
influence inflammation and clinical outcomes. Usage of membrane oxygenators of “ancient
ages” can result in deteriorated inflammatory parameters [60].

Preconditioning and heat shock. It is widely known that preservation of an organ can
be stimulated by intermittent, short periods of ischemia and reperfusion [61]. Even though,
Yellon and associates reported some extent of protection during CABG [62], most of later
studies established adverse or non beneficial effect of preconditioning before aorta cross-
clamping [12, 62]. Liu and colleagues described that 42 °C blood cardioplegia for 15 minutes
resulted in augmented heat shock protein expression causing improved postischemic

ventricular function [63]. Further approaches for preconditioning have been performed by
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pharmacological agents such as adenosine, potassium channel opener, low dose IL-10, etc.
[12].

Postconditioning. Postconditioning is a series of brief interruptions of reperfusion
following applied at the very onset of reperfusion [64]. This algorithm lasts only from 1 to 3
minutes. Postconditioning has been observed to reduce infarct size and apoptosis in
myocardial reperfusion. This algorithm was observed to reduce endothelial and neutrophil cell
activation and release of inflammatory mediators [64]. This new approach may hold some

promise in clinical application, especially following aorta de-clamping.

Modification of surgical technique

Off-pump CABG (OP), “the most popular technique to eliminate side-effects of
CPB”. CABG on the “beating heart” through standard median sternotomy is now an accepted
technique of coronary revascularization. This technique utilizes one of several available
cardiac stabilizer devices for reducing free wall-motion. Formerly it was applied to
revascularization of LAD and diagonal branches since these branches are the most easily
approached with OP technique. Since then it was safely applicable for grafting technique of
all coronary arteries [47].

Minimal invasive direct CABG (MIDCAB). MIDCAB is a surgical technique
without CPB, through minithoracotomy which is for performing revascularization of the left
anterior descendent artery by left internal mammary artery. This approach is aimed to
minimize surgical trauma together with neglecting CPB. Although MIDCAB is performed on
patients with one vessel disease and are not comparable to other techniques, it indicates
encouraging results. This technique reduced both necrosis enzyme levels and pro-
inflammatory cytokine concentrations following surgery also related to OP technique [65].

“Heartport” technique. This approach is performed through limited anterior
thoracotomy and utilizes femoral arterial and venous cannulae and intraaortic balloon
occluder for cardioplegia. Multiple anastomoses can be performed using this technique and
patency rates are similar to conventional technique [47].

Off-pump totally endoscopic CABG (TECAB). The concept of thoracoscopic
revascularization started in 1996. In 2001 a special stabilizer was developed which can be
applied endoscopically. Consequently, total endoscopic CABG can be carried out on the
beating heart, thus reducing surgical invasivity and eliminating CPB [66]. This approach ,
however elongates operation time significantly which might be the major counter-argument

for this technique.
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Minimal invasive conduit harvesting. The incision for vein harvesting can be the
longest incision performed on the human body during routine surgery [66]. Development of
minimal invasive vein harvesting techniques indicates the reduction of surgical trauma,

improving cosmetic results and decreasing morbidity and inflammatory process [66].

1.4. “Off-pump” coronary artery bypass grafting

Off pump technique is the most popular and obvious measure to diminish CPB
together with all of its side-effects, in course of CABG. Most sections of this thesis try to
assess the different effects of CPB dealing with the comparisons between conventional and
OP surgeries. The OP operation should be lined out in detail.

Because its advantageous effects in inflammatory response and early and mid-term
patient outcome, OP has been gaining increasing popularity in many centers. Due to the
introduction of second generation stabilizers, the applicability of off-pump is growing and in
certain centers it reached 70 to 90% [68]. A survey to determine the applicability of OP
surgery described that only 6% of the respondents did not perform any OPCAB currently and
5% did not plan to do any in the following year. Approximately 34% of the surgeons did
OPCAB in at least 50% of their coronary bypasses and 15% of all the surgeons performed at
least 90% of their coronary revascularization cases off-pump. The results of the survey also
showed that more surgeons planned to increase their percentage of off-pump cases [69]. Other
questionnaire stated that the respondents performed OP procedures within the same
institutions ranged from 20 and 375 cases per year. The per cent of CABG performed as
OPCAB in these institutions ranged from 3% to 94% [67-69]. In Hungary, the applicability of
OP operations was 34,8 % in 2002 [70, 71].

Increasing evidences is shown that OP decreased the incidence of SIRS and reduced
the postoperative rise of inflammatory markers, such as certain cytokines, complement system
[15, 72-74]. With regard patient outcome, results are confusing and include relatively small
number of patients despite there are up to 15 prospective controlled studies. Taken these
together, OP seems to be more that just theoretically superior to conventional CABG [48, 74].

Nevertheless, there are serious concerns with this surgical technique. Disadvantages of
OP surgery can be described briefly as follows: During performing OP procedure surgeons
and anaesthesiologists are faced with tree major problems: firstly, it is frequently difficult to

obtain an adequate exposure of diseased vessel; secondly, hemodynamic changes occur
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during moving of the heart; third, myocardium receives ischaemic insults without protection
[74, 75]. Manipulation of the heart to expose the target vessel results in decrease of stokes
volume, mean arterial pressure, increase of atrial pressures, ventricular end-diastolic pressure.
Haemodinamic changes are responsible for catastrophic events during OP most frequently and
it is the commonest cause of conversion to open-heart operation. Vertical position increases
atrial pressure, and induces distortions of both atrioventricular valves. Stabilizer restricts local
motion of ventricles. Local ischemic events of 16 minutes in average occur during performing
each anastomoses in course of OP surgery.

Pharmacological profilaxis, intracoronary shunting, positioning of the heart using
apical succion device, meticulous monitorisation are the main measures to eliminate these

effects [73, 74].

1.4 Conclusion

In conclusion, CPB is an indispensable tool of cardiac surgical armamentarium and it
is used in the majority of cardiac operation moreover it is used recently in high risk patients
and elderly. Nonetheless, CPB constitute a double —edged weapon that causes cascades of
inflammatory reactions. Although more and more contributors of CPB- associated
disturbances are elucidated, several events of inflammatory processes are unclear yet.
Majority of therapeutic measures failed to improve clinical outcomes. Better therapeutic
strategies are based only on solid understanding of mechanisms involved. Regarding the
recent observations, CPB-mediated changes seem to be a blunting of inflammatory mediators.
It can mean, increasing and also decreasing of certain mediators to pro or anti-inflammatory
processes. Studies analyzing the relationship between mediators, cascades and clinical course
of patients demonstrate the importance of investigation of mechanism associated with CPB.
On the other hand, individual response to CPB varies significantly from person to person
since many patients recover from CPB despite the massive and excruciating inflammation. It
proves the physiologic reserve of body preventing multiple organ damage. However,
increasing number of patients has limited physiological reserve (elderly, high risk patients,
infants). It is hoped that better understanding of inflammatory reaction after CPB may provide
new prospects for interventions to diminish its damaging effect. Such therapies may improve

patients outcome following open-heart surgery.
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2. AIMS AND HYPOTHESIS

The aim of the thesis was to investigate clinical, pathophysiological and biochemical aspects
of inflammatory response associated with CPB and accordingly try to find modalities, agents

which might be able to diminish the deleterious effects of CPB.

It was aimed to measure the following aspects of inflammatory process in patients:

-The balance between pro and anti-inflammatory batteries in course of CABG with or
without CPB, and temporally changes of this balance during a longer postoperative
period.

- The contribution of myocardial tissue in pro-inflammatory processes.

- Release of IL-12 as a marker of cell mediated immunity

- Influence of CPB on the expression of adhesion molecules on leukocytes.

- Activation of different subsets of leukocytes as a result of application of CPB or OP
surgery.

- The extent of oxidative injury during and following CPB or OP technique.

- Change in activity of antioxidant enzymes during CABG with or without CPB.

- Do PARP systematically activated in human beings following open-heart surgery?
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3. CLINICAL OUTCOMES AND MYOCARDIAL DAMAGE
FOLLOWING CORONARY SURGERY: ON-PUMP VERSUS OFF-
PUMP

(Several parts of this section has been published in paper number 1 and 2 as mentioned in

section 11, List of publications, Manuscript related to thesis)

3.1 Introduction

Coronary revascularization through CPB is the “gold standard” of CABG surgery,
nonetheless it initiates complex cascades of inflammatory and coagulopathic pathways.
Ischemia of myocardium due to cross-clamping and cardioplegic arrest further magnifies the
derangements directly on the heart itself. Keeping the heart beating during the surgical
procedure theoretically eliminates these effects during the CABG. In addition, advantages
have been realized with the avoidance of extracorporeal circulation in coronary
revascularizatibn, known as OP operation. Initial studies reported excellent results primary
early postoperative outcomes associated with OP technique. Even though, it remains uncertain
whether OP indicates distinct advantages and reduction of complications. Various studies,
meta-analyses, prospective randomized trials reviewed the outcomes following CABG with
CPB or OP. Scientifically, statistically valid studies observe longer period after multivessel
procedure, examine multiple aspects and are prospective and randomized or meta-analyses of
several trial. The first randomized trial was published in1995 by Vural [75] which was
followed by appearance of other trials. In review paper of Chassot 14 trials with high level of
evidence were designated [73]. The biggest trials involve the “beating heart against
cardioplegic arrest studies” (BHACAS 1 and 2) [80], trials of Puskas (SMART ftrial) [80], van
Dijk [45, 76], Diegeler [80], Jaegere (OCTOPUS trial) [80], Straka (Prague-4 Trial) [77],
Lancey [78], Nathoe [79], moreover studies of Cleveland, Mach and Patel enrolling 118140,
12540 and 10941 patients [74].

The present section is attempted to evaluate whether the theoretical advantages from
eliminating CPB from coronary revascularization are translated into a decreased incidence of
certain complications. Because, small sample size and short —term follow —up are the
limitation our examinations about patient’s outcome, related literature will be reviewed in this
part of the thesis. There are several clinical trials and meta-analyses, which provides

additional statistical power to appraise statistically significant differences for some outcomes.
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These comparisons help us to assess the clinically manifest side-effects of CPB the
incidence of prolonged, impaired recovery, and improve our understanding about what kind

of complications occur as a result of inflammatory reactions after CPB.

3.2 Patients and methods

For statistical comparison of patient’s outcomes receiving operation with CPB or OP
technique pre, peri, and postoperative outcomes of 50 patients (25 operated wit CPB and 25

with OP) were analyzed retrospectively, at random.

3.2.1 Anesthesia and operative technique

Both CPB and OP patients received 10 mg midazolam 1 hour before operation.
Anaesthesia was induced with midazolam 0.1 mg kg™, fentanyl 2pg kg™ and propofol 2 mg
kg!. After adequate neuromuscular block with pipecuronium 0.1 mg kg™ endotracheal tube
was inserted.

In patients undergoing CPB anesthesia was maintained with continuous infusion of propofol.
Coagulation was suspended by administration of heparin to achieve an activated clotting time
longer than 400 seconds. Heparin was neutralised with protamin sulphate after CPB. Hollow
fibre oxygenator and roller pumps were used to accomplish moderate hypothermic CPB, with
pulsatile flow of 2.2-2.4 /m*/minute. Myocardial preservation was performed with cold,
antegrade, crystalloid cardiolplegia and topical cooling.

In patients receiving beating-heart surgery, anesthesia was maintained with sevoflurane 0.5-1
% and nitrous oxide 60 % in oxygen. Using Octopus (Medtronic, Inc., MI, USA) cardiac
stabilizer coronary arteries were occluded for less than 20 minutes per distal anastomosis.

Patients were further cared according to same, standardized protocol.

3.2.2 Preoperative data

To analyze whether two groups of patients are statistically comparable, following
preoperative data were acquired: Age, gender, severity of coronary artery disease (number of
diseased vessel), classification of angina (according to Canadian Cardiovascular Society
Classification System if stable angina was present), prior surgery or percutan coronary
intervention (PCI), existence and type of diabetes (type I or II of diabetes mellitus),

preoperative risk score (Euro score), preoperative ejection fraction (EF) (%).
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3.2.3 Perioperative and early-postoperative outcomes

With regard data of operation number of grafts, arterial grafts, time of operation (from
incision to closure) were compared.
Postoperative blood loss, transfusion requirements, the time of ventilatory support, length of
intensive care unit stay and hospitalization, were documented furthermore ejection fraction on

the sixth postoperative day was calculated in both groups.

Table 1. Preoperative data of patients

CPB group OP group

Age (year) 62,64+1,96 63,36+1,83
Gender (female/male) 22/3 19/6
Euro score 2,78+0,35 2,6+0,49
CCS (average of score) 2,33+0,24 2,61+0,21
Preoperative EF (%) 55,82+2.14 54,5242 .31
Diagnosis:

1-vessel disease 1 1

2-vessel disease 4 8

3-vessel disease 20 16

CCS: Canadian Cardiovascular Society Classification System; EF: ejection fraction;

3.2.4 Determination of myocardial injury

Plasma levels of troponin I (TI), creatine- phosphokinase myocardial specific
isoenzyme (CKMB), glutamine oxalacetate transferase (GOT) were measured as a part of the
routinely used clinical investigations. The TI level in plasma was demonstrated in unit per
liter (U/1). Blood samples were taken for enzyme determinations just before operation, during

the early reperfusion and on the first and second postoperative days.

3.2.5 Statistical analysis

The data were presented as mean + standard error of the mean. The data between the
two groups were compared with unpaired Student’s t test. In a given group comparisons
between the control data were made using paired Student’s t test. Differences were considered

significant at p values less than 0,05

27



3.3 Results

3.3.1 Preoperative data

{ Preoperative characteristic of patients are shown on Table 1. There were no
differences in age, gender, Euro score, ratio of stable angina, preoperative left ventricular
function (EF). Only a little divergence could be observed in number of occluded vessels. 2
patients in CPB group and one patient in OP group suffered form type I of diabetes,
furthermore seven patients in CPB and 9 in OP group develop type II of diabetes. Tree patient
had vascular surgical operation in both groups previously. Four patients in CPB and seven in

OP group undergone prior PCI.

3.3.2 Early postoperative outcomes

The average number of distal graft, and the number of arterial graft (left internal
mammary artery in all cases) applied were similar and are presented on Table 2.
There was no hospital mortality, myocardial infarction or major neurological complication in
the two study groups. Re-hospitalisation during the one year long follow-up period was
necessary in one patient in both groups (for 5 days in OP group and 2 days in CPB group).
The main postoperative characteristics of patients are shown on Table 2. Intubation-time was
significantly higher in CPB group related to OP group. In addition the postoperative blood
loss of CPB group through the chest drain exceeded the level of OP group markedly however
this difference was not proved statistically significant. 18 patients in CPB group and 11 in OP
group required blood transfusion, and the quantities of transfusion was significantly higher in
CPB group (Table 2). Despite the length of ICU stay of CPB group was longer no significant
difference could be established. Patients operated with conventional method applying CPB
spent significantly longer period in the hospital. Postoperative EF of patients operated with
CPB decreased significantly related to preoperative values and it was also significantly lover

compared to OP group.

3.3.3 Alteration of myocardial necrosis enzyme levels

These sensitive indicators of myocardial damage differed significantly between the
two groups. TI levels of CPB group were many fold higher compared with OP group in all
time points. Most intense elevation in CPB group can be observed on the moming of Ist
postoperative day (Fig. 4). Increased appearance of myocardial injury during and following

CPB was determined by CK-MB plasma concentrations (Fig 5). Intra and postoperative levels
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of CK-MB differed significantly from preoperative values in both groups except the 2nd
postoperative day of OP group. OP was advantageous regarding CK and GOT levels (Fig 4b
and 4a.). Statistically significantly difference were found in operative and postoperative

values of all enzyme levels between two groups

Table 2. Intra and postoperative characteristics of patient

CPB group OP group
Number of grafts (distal anastomoses)l 3,04+0,19 3,24+0,16
Number of arterial grafts 1 1+0,05
Length of operation (minutes) 199,56+10,05 202,68+9,03
Blood loss (ml) 781,66+86,23 636,57+29,57
Transfusion (units of RBC) 2,41+0,36 0,86+0,28
Time to extubation (hours) 11,4+1,11 9,87+0,97
Length of ICU stay (hours) 54,4+5,95 47,48+1,71
Length of hosp. (hours) 272,01£11,45 238,89+9.38
Postoperative EF (%) 45,69+1,93 50,83+1,98

RBC: red blood cell, ICU: intensive care unit, hosp-hospitalisation, EF: ejection fraction

Operatiqn : 1.day 2.day A |

Figure 4. : Plasma level of troponin I (4) and GOT (B) (mean + SEM). CPB: operation with
cardiopulmonary bypass; OP: Off: pump operation; * p<0,05 between the two groups, #

p<C,05 compared to the control value.
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Figure 5. : Plasma level of creatinin kinase (CK) (4) and CK-MB (B) (mean = SEM). CPB:
operation with cardiopulmonary bypass; OP: Off- pump operation; * p<0,05 between the two

groups, # p<0,05 compared to the control value

3.4 Discussion

Our present results provide evidence that the application of CPB alone induces
significant increase in myocardial injury. These finding are associated with evident
intensification of postoperative blood loss, increased need for transfusions, lengthened
ventilation time and hospitalization. Besides the more intensive signs of myocardial damage,
deteriorated myocardial function can be observed following CPB. Our trial described here,
entered to OPCAB trialist collaboration controlled by Geert van derHeijden. This
collaboration involves several European cardiac surgical centers and is aimed to perform a
meta-analysis with large number of patients. Previous results of van der Heijden has been
published yet [178].

Accumulating evidences confirm certain benefit of avoiding of CPB by applying OP
surgery. Almost uniformly, majority of papers concluded that eliminating CPB in coronary
revascularization reduces the incidence and amount of blood transfusion requirements.
Studies further support that application of CPB is associated with larger amount of intra and
postoperative blood loss [73, 80]. Only Bouchard and co-workers found lack of evidence of
decreased bleeding complication in course of OP [179]. It is also supported in the literature
that use of CPB prolongs ICU and/or hospital length of stay [73, 80]. ICU length of stay and

total time to discharge from ward may represent the condition and recovery of patient after
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operation. Altogether, the length of ICU and hospital stay may reflect the features and
practice of given country and given department, so that it may serve confusing results.

Time to extubation may reflect the pulmonary status and level of oxygenization.
Although numerous papers postulated extended intubation and mechanical ventilation time
after conventional CABG with CPB [80, 83], studies aimed to compare the pulmonary
function after CABG with or without CPB suggested no obvious difference in preservation of
respiratory functions [82, 83]. Of course, intubation time and pulmonary function is
influenced by several other factors independently of surgical technique, such as intra and
postoperative medication.

Overwhelming majority of publications confirmed the more intensive increase in
myocardial necrosis enzymes following CPB related to OP surgery [78, 80, 84]. Langenbach
and coworkers also experienced the postoperative shrinkage in EF [80]. These observation
suggest functional and/or structural damage of myocardium during the early period following
CPB. Other interesting findings of Selvanayagam and co-authors documented increased TI
levels and decreased cardiac index in patients having CABG with CPB compared to OP
patients however they did not find any long-lasting or irreversible myocardial damage as
assessed by contrast-enhanced cardiovascular magnetic resonance imaging (MRI) [85].Vural,
Angelini, Zamvar experienced higher requirement of inotropic support or intraaortic balloon
pump following open heart surgery representing deteriorated systolic function [74, 80].
Further studies suggest that myocardial preservation of OP procedure is associated with
reduction of inflammatory processes and oxidative injury in myocardium [81]. According to
our observation we found an important elevation of necrosis enzyme levels following CPB.
On the other hand decrease of postoperative EF was observed after CPB compared to OP
group which might be clinically irrelevant.

Until now, The OP approach has not been proven to reduce incidence of arrhythmias.
While several papers report decreased incidence of atrial fibrillation others showed no
difference with open-heart CABG [81].

CPB is known to cause generation of processes leading to impair renal function. OP
operation is probably associated with reduced incidence of renal failure [86]. As described by
Ascione, glomerular filtration was much better and tubular readsorption much less impaired
after off-pump procedures [87]. Increase of creatinin and urea levels was proven to be

diminished by applying OP [87].
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One of the major advantages of OP is the reduced incidence of neurologic
complications and severe stroke, especially in high-risk patients [80]. It is worth mentioning
that no study has ever determined higher incidence of neurological impairment after OP.

Patients randomised to OPCAB and CABG-CPB had similar symptoms, generic and
disease-specific qualitity of life scores by use of generic questionnaires even 1 month, 2 or 3
years after intervention [86, 89].

Cost-effectiveness of OP can be hardly studies because of health care systems of given
countries. Despite, some paper concluded that may be cheaper because of the reduced
postoperative disturbances and not due to intraoperative instrumental savings [81]. Weimar
wrote in his paper that reduction of just strokes by using OP could save a two-digit amount of
million Euros [80].

On the other hand, Kim and associates published that OP may decrease patency rate of
saphenous vein grafts 1 year after surgery, which can be the major counter-argument for OP
technique [180]. Later examinations, however, attest a good quality of anastomoses and
patency rates comparing well to conventional method [90]. Puskds reported a patency rate of
98,8 % at the time of hospital discharge [81]. Long term results of patency rates should be
clarified in meta-analyses.

It is evidenced that mortality rates for OP and CPB technique are similar, nonetheless

case and risk matched trials reported that lower mortality for OP [74, 81].

Superiority of OP techniques lies on the management of high-risk patients. There are
persuasive evidences that OP offers prognostic advantage in patients with recent myocardial
infarction, poor left ventricular function, chronic renal failure, obstructive pulmonary disease,
obesity, and in elderly patients and patients receiving redo-CABG [74, 80, 81]. One of the
greatest utility for OPCAB is probably the severely calcified or diseased aorta in which
manipulation or clamping of the aorta can be associated with neurological consequences. To
diminish of damaging effects and exhausting inflammatory processes has great importance in
these patients.

In low or intermediate-risk patients, nevertheless no obvious difference could be

clarified in long term outcomes. In these patients OP offers a good clinical outcomes.

In sum, CPB may disturb the normal recovery of patients after heavy intervention for
short or mid-term period causing prolonged hospital stay, increased loss of blood, and

worsened heart function. Longer-term follow up studies however revealed no difference
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between two types of operation. High risk patient have impaired physiological protection
against the damaging effects of CPB and clinical signs of pulmonary, renal neurological
dysfunction, expressed myocardial damage, abnormal bleeding, tendency to infections can be
manifested. Furthermore the number of trials and enrolled subjects are growing following up
longer period to expose the real advantages and disadvantages of off-pump operation.
According to the present results we can suppose there some disturbances occur early after
applying of CPB. Understanding of the pathophysiological, biochemical events of CPB is
essential therefore, which processes may contribute to impaired recovery or clinical

complications.
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4. CYTOKINE NETWORK AND MYOCARDIAL CYTOKINE-
PRODUCTION IN PATIENTS RECEIVING CONVENTIONAL OR OFF-
PUMP OPERATION

(Several parts of this section has been published in paper number 4 as mentioned in section

11, List of publications, Manuscript related to thesis)

4.1 Introduction

Regarding inflammatory manifestation to CPB, central importance belongs to release
of different cytokines regarding mediators which orchestrate the inflammatory processes,
cellular activation, and leukocyte migration. Pro-inflammatory cytokines in extremely
elevated concentrations can modulate the function of organs [23, 24, 91]. Dominant anti-
inflammatory effects however can blunt adequate immune response impairing defensive
mechanisms and healing processes. The balance between pro- and anti-inflammatory
cytokines is essential to appraise the genuine effect of different cytokines and the
characteristics of cytokine network. Temporal change of the balance between pro and anti-
inflammatory cytokines has been less investigated.

One of the hallmarks of CPB-mediated inflammatory response is the alteration of IL-
12 playing a crucial role in cell-mediated immune response [93]. Few studies have been
carried out comparing the effects of coronary operations with or without CPB on IL-12 levels
leaving certain key questions unanswered.

Studies have shown that CABG performed without CPB, known as off-pump (OP)
surgery helps avoiding unwanted effects such as over activation of inflammatory response
[92].

Increased evidence suggests that the myocardium is capable of synthesizing
biologically active cytokines [94]. The effect of OP surgery on myocardial cytokine
production has not been yet investigated in details. Therefore, this study investigates the
association between CPB or OP surgery and cytokine production by the heart.

The aims of the present section were: 1) to measure pro/anti- inflammatory cytokine
ratios in patients who underwent operation with or without CPB up to the end of first
postoperative week, 2) to determine the alteration in IL-12 levels during and after both
operations, and 3) to ascertain the myocardial outflow of cytokines in course of operation with

or without CPB.

34



4.2 Patients and methods

4.2.1 Patients

A prospective randomized study was performed, on all patients undergoing CABG
with or without CPB operated in two cardiac centers: the Department of Cardiac Surgery of
Zala County Hospital and the Heart Institute of the University of Pecs. The study protocol
was approved by the Ethics Committees of both hospitals. All patients were provided with
oral and written informed consent.

The total of 30 subjects participated in the study (63, 2+2,5 years, 7 females, 23
males); they received elective CABG. 20 of the patients were operated with conventional
method using CPB (CPB group), while 10 patients underwent operation with OP technique
(OP group). There was no significant difference in the preoperative data of the patients with
respect their age, gender, the number of performed grafts (3,21+0,22 in CPB group, 3+0,42 in
OP group), the number of arterial graft (LIMA) (0,88+0,09 in CPB group, 0,92+0,0,08 in OP
group) and in the preoperative risk score (Euro score: 2,6+0,54 in CPB group, 2,54+0,31 in
OP group). All participants received standard preoperative treatment and the technique was
randomly chosen for each patient. Exclusion criteria were: immunological disease, recent
myocardial infarction (<3 month), acute operation, reoperation, previous stroke, infection,

coagulopathy, tumor, acute or chronic renal failure and respiratory impairment.

4.2.2 Anaesthesia and surgical technique

Each group of patients received the same protocol as described in the section 3 (page
26).

4.2.3 Blood sampling

In CPB group, blood samples from peripheral vein were taken just after the induction
of anaesthesia and 5 minutes after the cessation of aorta cross clamping, and on the 1st, 2nd,
3rd, and 7th postoperative days. In OP group, blood samples were collected after the
induction of anaesthesia, 5 minutes after completion of the last graft, and on the 1st, 2nd, 3rd,
and 7th postoperative days.

Further blood samples were taken from coronary sinus (CS) using a catheter in both
groups: In CPB group, 5 minutes after the declamping of aorta and in OP group, 5 minutes
after the completion of the last graft.

All the samples were collected in sterile vacuum tubes containing sodium heparin.
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4.2.4 Measurement of cyvtokines

Blood samples from peripheral vein were first incubated on 37 °C for 4 hours, then
stimulated with phorbol 12-myristatel3-acetate (PMA, 111 ng ml-1). After this period of
stimulation, tubes were centrifuged at 3000 g for 10 minutes; then, the supernatant was
separated into vials and frozen immediately to -75°C and stored at that temperature until the
day of measurement (within 2 months). The plasma concentrations of stimulated cytokines
were determined using the Becton Dickinson cytometric bead array (CBA Human
Inflammatory Kit, BD Biosciences, Pharmingen, USA) following the instructions of
manufacturers. This newly developed method enables reliable measurement of six human
cytokine levels: tumor necrosis factor a, interleukin 18, 6 ,8, 10, 12p70 (TNF, IL-1, IL-6, IL-
8, IL-10, IL-12) simultaneously from small sample volumes. PMA stimulation is highly
influenced by white blood cell count. Our outcomes were corrected to cell count thus
expressing the final values in pg ml™ per 10° cells.

Besides the monitoring of the absolute concentration of given cytokines the pro/anti-
inflammatory cytokine balance was worked out in all samples by dividing the plasma
concentration of different pro-inflammatory cytokines with the concentration of interleukin-
10.

During CS blood sampling (in the fifth minute of reperfusion), other peripheral blood
samples were collected to compare the plasma concentration of cytokines between CS and
peripheral vein samples. PMA stimulation releases cytokines produced by white blood cells.
To obtain the cytokines secreted only by the myocardium, PMA stimulation was neglected
both in CS and peripheral vein samples. These samples were measured as described above.

The cytokine levels of CS samples were compared to their corresponding peripheral
vein levels thus expressing the values in percentage. The concentration of unstimulated
peripheral vein samples was considered to be 100% in each sample. The cytokine levels of CS
samples were compared to their corresponding peripheral vein levels, expressing the values in

per cent.

4.2.5 Statistical analysis

The data are presented on tables and figures as mean + standard error of mean (SEM).
The data between the two groups were compared with unpaired Student’s t test. In a given
group comparisons between control data were made using paired Student’s t test. Differences

were considered significant at p values less than 0,05.
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4.3 Results

4.3.1 Concentration of cytokines from samples of peripheral vein

Absolute concentrations of measured cytokines corrected to white blood cell count are

presented in Table 3.

Table 3. Plasma concentration of tumour necrosis factor o, interleukin -1, IL-6, IL-8, IL-
12 and IL-10 in patients undergoing coronary artery bypass grafting with or without
cardiopulmonary bypass (pg/ml).

Control Rep5 POD1 POD2 POD3 POD7

TNF CPB 26,04+5,37 * 8,84+2,01 *# 54,03+11,45 26,88+0,90 27,99+2,08 18,74%4

OoP 20,1942.2 17,99+5,15 16,18+5,39 21,01£2,93 10,76+3,60 16,114+3,97
IL-1 CPB 12,95+2,11 2,34+0,45 ** 22,60+2,21 **##  7,55+1,77 10,68+0,82 14,21+1,38

OP 10,39+1,57 5,42+2,54 6,37+2,25 11,67+5,59 13,62+5,58 16,76+10,93
IL-6 CPB 9,86:1,23 7,34x1,83 39,89+12,42 ** 10,83£2,04 23,64+8.45 18,95+1,5 *

OP 9,40£2,97 15,54+3.45 27,50+7,07 * 20,12+3,59 14,18+1,73 9,16+3,3
IL-8 CPB 1627,6+128,3 1919,6+263,9 # 1355125 1090,3+99,7 **  1621+204,3 1835,9+247.3

opP 1520+190,3 1297,53+£191,59  1344,32+143,1 1199,2+75,5 1374,7+92 1866,4+263,1
IL-12 CPB 0,13+0,03 0,24+0,04 * 0,26+0,03 ** 0,15+0,04 0,24+0,07 0,11+0,05

OP 0,14+0,11 0,11£0,05 0,09+0,06 0,11=0,08 0,17+0,08 0,17+0,08
[L-10 CPB 4,04=0,78 23,3+5,28 **##  6,37+1,35 1,53£0,22 ** 1,59+0,41 * 1,17+0,24 *

(0)3 4,05+0,65 4,77£1,65 8,98+1,50 * 8,08+1,11 # 2,65+0,11 1,55+0,34

Data are presented as mean + standard error of the mean. * = p<0,05 compared to
preoperative values (control); ** = p<0,03 related to preoperative values (control); # = p<0,05
compared to other group at same time point; ## = intergroup difference was p<0,03 ( # and ##
were placed to the higher values). Control: before surgery; CPB: Cardiopulmonary bypass;
IL: interleukin; OP: off-pump; POD1,2,3,7: on the 1%, 2™ 3™ 7™ postoperative day; Rep5:

time point 5 minute after the beginning of reperfusion; TNF: tumor necrosis factor a.
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4.3.2 Assessment of cytokine balance

The balance between inflammatory and anti-inflammatory forces was determined by
calculating pro-inflammatory cytokine/IL-10 ratio. All ratios were similar in the CPB and OP
group. TNF/IL-10, TL-6/TL-10 and IL-8/IL-10 ratios are shown in Figures 6, 7 and 8. In CPB
group, an early drop was observed during surgery and afterwards the ratio increased
extremely throughout the observation period. During surgery in the fifth minute of reperfusion
the decrease in TNF/IL-10, IL-1/IL-10, IL-6/IL-10, 1L-8/IL-10 ratios was significant when
compared with the corresponding preoperative ratios. In OP group, the ratio of given pro-
inflammatory cytokine and 1L-10 tended to decrease reaching it’s minimum value on the 1st
or 2nd postoperative day thereafter it normalised gradually. Statistical analysis revealed
consequential differences between groups A and B firstly in TNF/IL-10 ratios on the 1%, 2,
3" and 7™ post-operative days (Fig. 6), secondly in IL-6/IL-10 ratio on the 2" and 3" post-
operative day (Fig. 7) and in IL-8/1L-10 ratios in the 5th minute of reperfusion and on the 1*
and 2nd post-operative days (Fig. 8).
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Figure 6. Tumour necrosis factor a and interleukin-10 ratio over the time in patients
undergoing coronary artery bypass grafting with cardiopulmonary bypass (CPB group) or
off-pump technique (OP group). Data are presented as mean + standard error of the mean. *
= p<0,05 compared to preoperative values (control); ## = p<0,03 related to preoperative
values (control); * = p<0,05 compared to other group at same time point; ** = intergroup

difference was p<0,03.
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Control: before surgery; CPB: Cardiopulmonary bypass; IL: interleukin;, OP: off-pump;
POD1,2,3,7: on the 1%, 2" 3 7" postoperative day; Rep5. time point 5 minute after the

beginning of reperfusion; TNF: tumor necrosis factor a.
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Figure 7: Interleukin-6 and interleukin-10 ratio in patients undergoing coronary artery

bypass grafting with cardiopulmonary bypass (CPB group) or off-pump technique (OP
group). Data are presented as mean + standard error of the mean. # = p<0,05 compared to
preoperative values (control); ## = p<0,03 related to preoperative values (control); * =
p<0,05 compared to other group at same time point. Control: before surgery, CPB:
Cardiopulmonary bypass; IL: interleukin; OP: off-pump; PODI,2,3,7: on the 1%, 2" 3, 7"
postoperative day; Rep5: time point 5 minute after the beginning of reperfusion; TNF: tumor

necrosis _factor a.
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Figure 8: Interleukin-8 and interleukin-10 ratio in patients undergoing coronary artery
bypass grafting with cardiopulmonary bypass (CPB group) or off-pump technique (OP
group). Data are presented as mean + standard error of the mean. ## = p<0,03 compared to
preoperative values (control);, ** = p<0, 03 related to other group at same time. Control:
before surgery, CPB: Cardiopulmonary bypass; IL: interleukin; OP: off-pump;, PODI,2,3,7:
on the 1%, 2 3 7" postoperative day; Rep5: time point 5 minute after the beginning of

reperfusion;
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4.3.3. Concentration of cytokines from samples of coronary sinus

In CPB group, all of observed cytokines from CS exceeded the concentrations of
peripheral vein samples (Fig. 9). The difference between sinus and peripheral vein samples
was proved to be significant for the IL-1, IL-6, IL-8 and TNF levels.

During off-pump surgery the cytokine concentrations of the CS and peripheral vein were

roughly equivalent (Fig. 9). Interestingly, the most expressed difference was seen in IL-10

although this difference was not statistically significant.

Figure 9. Cytokine levels of coronary sinus blood during coronary artery bypass grafting with
cardiopulmonary bypass (CPB group) and with off-pump technique (OP group). Dark bars
show CPB group and light bars represent OP group. Concentrations are presented as per
cent of peripheral venous blood level of given cytokine at the same time. Data are shown as
mean * standard error of the mean. * = p<0,05 compared to the concentration of peripheral

venous blood. IL: interleukin, TNF: tumour necrosis factor a.
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4.4 Discussion

The present study showed that CPB caused a prolonged pro-inflammatory

predominant response. Pro/anti-inflammatory ratios could be balanced by minimal invasive
off-pump technique. Our investigations also demonstrated that application of CPB and not
off-pump technique was associated with cytokine production of myocardium.
A completely novel method was demonstrated in this paper to measure six cytokines
simultaneously from a single sample with cytometry using CBA technique [95]. This method
appears to be a more reliable and easy technique to measure cytokines compared to
conventional enzyme linked immunosobent assay (ELISA), considering the fact that 300
microparticles are measured for each cytokine, all of them containing approximately the same
number of antibodies as present in one well of an original ELISA kit. Moreover, the CBA
technique is highly suitable to assess ratios between different cytokines, because it can
determine six cytokines from the same sample thereby eliminating certain errors [95].

Present study revealed marked elevation in IL-1 level after CPB following an acute
inéigniﬁcant decrease. IL-1 augments the synthesis of adhesion molecules, has procoagulant
activity and it potenciates the deleterious effect of TNF [96]. Furthermore IL-1 can induce
hypotension and decreased vascular tone [97]. Raised level of IL-1 within two days after CPB
has been described by others [65]. Guliemos and co-workers however found no obvious
difference between the off-pump and CPB patients, which can be explained by the short time
of CPB, because they examined single-graft bypass procedures. Interestingly, we did not find
the elevation in IL-1 level after off-pump surgery as illustrated by Guliemos.

IL-6 raised markedly until the 1% postoperative day, thereafter it normalised gradually
in both groups. CPB provoked higher elevation but there was no significant difference
between the groups. Besides, IL-6 is known as a good marker of surgical invasivity it controls
the immunological processes via numerous ways [24]. IL-6 regulates the synthesis of acute
phase proteins, causes T cell activation and promotes the growth of haemopoietic cells and
fibroblasts [14]. In the literature no or non-obvious differences were found in IL-6 level of
patients operated with or without CPB [65] and our results agree with these findings. Even
though studies established significant difference in IL-6 level comparing conventional
operation and MIDCAB surgery furthermore higher IL-6 concentration was documented in
patients received thoracotomy versus sternotomy [102]. The above findings suggest that the

IL-6 release is rather influenced by the surgical invasivity than by reperfusion or myocardial
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injury or use of CPB alone [25] explaining our results that failed to determine any main
difference between the two observed groups.

Level of IL-8 demonstrated significant elevation during and after CPB however off-
pump surgery is associated with consequential increase. IL-8 is the first known and
reasonably potent chemoatractant protein controlling the trafficking of leukocytes trough
endothelium [98]. IL-8 has been shown to intensify neutrophil cells for oxidative product,
mainly superoxide production and also it is proved that the level of IL-8 correlate highly with
the myocardial injury after myocardial infarction [98]. With respect to central role of IL-8 in
myocardial damage in course of cardiac operation its kinetics is well-investigated even after
conventional and after off-pump coronary bypass. It is documented by several authors that
CPB induces extreme elevation in peripheral level of IL-8 early postoperatively. Since
Ascione described no relevant change due to off-pump operation, others evidenced major
raise in early stage after off-pump surgery [15, 18]. Although majority of publications
established an early postoperative increase of 1L-8 to CPB we however have found long-
lasting elevation. This contrast can be explained by different methods. We used 4 hours long
stimulation with PMA of whole blood which released the synthesised cytokines without new
protein synthesis. We believe comparable stimulation may occur when leukocytes are passing
trough the activated endothelium of injured organs, in course of CPB in lung and heart. This
method may better model the leukocyte response to such a stimulus. It is proved that the
stimulated level of cytokines is more important and on the site of damaged organ it is rather
true to fact than the unstimulated level of cytokine released by peripheral leukocytes of
resting condition. In this manner, our results suggest that the IL-8-secreting capacity is
markedly higher within the 1% three postoperative days in CPB patients compared with
preoperative values. This conclusion is inconsistent with the result of other studies measuring
the absolute level of IL-8 (without stimulation). Since these investigations confirmed higher
IL-8 level in the early hours after surgery in CPB patients with similar levels between CPB
and OP at later times [103, 104]. In contrary, stimulated levels of IL-8 were significantly
higher both in CPB and in OP patients within the 1% postoperative day, however it's levels
remained elevated only after CPB in later period while in OP patients it tends to recover over
the postoperative days.

Investigations about the cell-mediated immunity and activation of lymphocytes are
essential to assess the characteristic of inflammatory response to CPB. IL-12 showed
intensive elevation after CPB whereas off-pump surgery provokes unsignificant change in IL-

12 plasma level. IL-12 is known to be the activator of the type-1 T helper-cell (TH1)-
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mediated immune response. TH1-mediated response is essential for activating natural killer
cells and cytotoxic T cells moreover for enhancing cytotoxicity. Some articles suggest that IL-
12 level drops early after weaning from CPB [57, 99, 103]. In SIRS patients after CPB
nonetheless elevated IL-12 level is determined compared with uncomplied patients after CPB.
Myocardial infarction also causes [L-12 elevation [99, 103].

According to our finding the TH1/TH2 response changes in two phases after CPB:
ﬁrétly the TH2-mediated response is stronger due to elevated IL-10 level subsequently, after
the 1% postoperative day the TH1-mediated response tends to be upregulated. Likewise, in
course of off-pump surgery is associated with more moderate shift in TH1/TH2 response
determined by cytokine pattern as estimated by relation between I1.-12 and IL-10.

Besides the recognition pro-inflammatory cytokine release the investigation of anti-
inflammatory cytokines kinetics gained increased attention. Our outcomes about the change
of IL-10 levels can be described as follows: CPB is associated with a pronounced elevation at
early period and with IL-10 levels below the preoperative values in longer terms. OP
technique nevertheless causes later elevation in IL-10 level. IL-10 exerts protective role by
suppressing the production of pro-inflammatory cytokines and by inhibiting neutrophil-
endothelial cell adhesion. IL-10 also serves as an essential function in healing of vascular
anastomoses and jeopardised tissue by inhibiting of vascular smooth muscle proliferation and
influencing matrix metalloproteinase activity [100, 101]. Above results correlate to other
studies about the short-lived but considerable raise of IL-10 during and after CPB furthermore
about the lack of IL-10 release in the very early postoperative period after off pump surgery
[102]. Most of them applied short observation period to measure IL-10 level lasting mainly
not longer than the 1* postoperative day. Diegeler documented similar changes concerning the
CPB patients over the postoperative days [104]. However non significant difference was
found following off pump technique all the same on the 2" postoperative day the plasma level
of IL-10 was obviously higher than before surgery. By way of explanation on ambiguous
results we can refer to different methods.

The absolute concentration of cytokines is considered to be less important than their
relative balance, which may better reflect the net effect of cytokine response [105]. The
novelty of our study lies on the acknowledgement, that the increased and continuously
elevating force of pro-inflammatory response is balanced only during the early postoperative
period by IL-10 in patients undergoing CABG with CPB. Our results about the anti-
inflammatory predominant response to CPB up to the 1st postoperative day agree with the

outcomes of other studies [105]. Moreover, Hovers-Giirich and associates reported similar
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alterations regarding the later events observing infant patients, specifically elevation in pro-
inflammatory cytokines without the counterbalance of IL-10 [105]. In addition less alteration
in the balance of pro and anti-inflammatory responses can be observed after off-pump
operation with dominating anti-inflammatory forces.

These results may have therapeutic consequences. Steroid administration is known to
reduce the generation of pro-inflammatory cytokines with the exaggeration of IL-10 and anti-
inflammatory cytokine response thereby reducing the ratio of pro and anti-inflammatory
cytokines [106]. In most studies examining the efficacy of steroid treatment in patients
receiving CPB, steroid was administered before or during operation [107]. Although majority
of these investigations confirmed beneficial effect of preoperative steroid treatment, our
findings suggest the necessity of eventual longer-term administration of corticosteroids. With
respect to the aspect of cytokine balance, steroid administration or anti-inflammatory
treatment should be required only from the 2nd postoperative day up to the end of the first
week. Cytokine response after off-pump operation however does not necessitate any anti-
inflammatory treatment because it is balanced with anti-inflammatory batteries. The above are
theoretical hypotheses and further clinical studies about the longer-term administration of
steroids should be performed to evaluate the warranty of this presumption. The adverse effect
of steroid treatment is also known. Perioperative treatment with dexamethasone resulted in
more pronounced postoperative pulmonary dysfunction, initiated postoperative
hyperglycemia [12,181]

The other interesting finding of the present study is the inspection of the increased
myocardial outflow of different cytokines during CPB. No obvious differences could be
observed in the OP group between cytokines of peripheral-venous and CS blood. To our
knowledge, this is the first study comparing the myocardial production of cytokines during
CPB and OP technique. Despite cardio protection with cardioplegia and cooling, the heart is
exposed to relatively long-term and global ischemia as a result of cross clamping of the aorta.
Before aorta cross clamping the myocardium is perfused with blood, whose leukocytes are
primed by extracorporeal circulation. In course of off-pump operation however, myocardial
and cardiac endothelial cells respond to brief and partial ischemic periods. It is well-known
that myocardial cells can produce cytokines after ischemia-reperfusion because of the
activation of nuclear factor- kappa B (NF-KB) [108]. Oxygen species, free radicals generate
the signal leading to NF-KB activation [108]. Meldrum and colleagues initially described the
NF-KB activation during CABG operation with CPB [109]. In the review article of Kukreja

[108] it was established that only a large amount of free radicals and marked inflammation
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can contribute to cytokine expression of myocardium. Brief periods of coronary ligatures
during ischemic preconditioning may result in late protection via protein production with
protective effects and without expression of cytokines. Further investigations are needed to
evaluate the cellular mechanisms in the myocardium responding to operations with CPB or
OP surgery.

Several papers recorded significantly elevated IL-6 and TNF concentrations of CS
compared with arterial blood [94, 110, 111]. Karube and co-workers conversely documented
no significant difference between sinus and arterial cytokine concentrations [110] just as Wan
and colleagues did not find deviance in IL-8 and IL-10 [94]. Since cytokine levels are
elevated in the CS, the local concentration of these cytokines may increase more noticeably
during and after CPB causing augmented reactions and injurious effects in the reperfused
heart.

One limitation of this study is the relatively small number of patients investigated.
Although the two groups of patients were comparable regarding the preoperative data, this
size is not sufficient to permit a general conclusion and assess clinical outcomes of the
patients comparing their clinical parameters. A larger number of patients could enable the
examination of cytokine balance and myocardial cytokine production of high risk patients and
those patients having prolonged recovery, postoperative myocardial dysfunction, respiratory
failure, etc. A further important limitation is that the anaesthetic technique was not completely
the same in all the groups. Because of the different techniques used it was difficult to
standardise the anaesthesia and intraoperative treatment. Studies investigating the effect of
anaesthesia on cytokine production state early change of selected cytokines after anaesthesia
with different agents. Most of these studies applied less then 24 hours observation periods and
one of the examined cytokines changed just after wound closure as a direct effect of chosen
anaesthetic management [112-114]. The effect of steroid treatment was not obtained. The
anti-inflammatory batteries were followed incomprehensively. Besides the investigation of
IL-10, IL-1 receptor antigen and soluble TNF receptor I and II provide a reliable method to
ascertain the changes in anti-inflammatory forces during longer periods after off-pump or
conventional CABG.

Present study tries to give a comprehensive view about alteration of cytokine network
during and after CABG operation with and without CPB using a novel method, the CBA
technique. Our investigations establish the efficacy of this technique also in clinical practice

for obtaining pro and anti-inflammatory response because of its reliability and simplicity.
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1) Hence in course of CPB the elevation of pro-inflammatory cytokine is highly
counterbalanced by systematic release of IL-10 during and in the early period following the
operation. Consequently, after the 1st postoperative day, significantly elevated pro/anti-
inflammatory cytokine ratios were measured. In contrast, off-pump surgery is associated with
a rather balanced relation of pro and anti-inflammatory response.

2) The concentration of IL-12 was also higher following CPB.

3) Our study revealed the myocardial outflow of certain pro-inflammatory cytokines
during CPB, as manifested by higher sinus level of IL-1, IL-6, IL-8 and TNF, while it was
undetected in course of off-pump surgery. These results may reflect the different cellular
effects of the two procedures and try to improve our understanding about the impact of CPB

on patients
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S. EXPRESSION OF CD97 AND ADHESION MOLECULES ON
CIRCULATING LEUKOCYTES IN PATIENTS UNDERGOING
CORONARY ARTERY BYPASS SURGERY WITH OR WITHOUT
CARDIOPULMONARY BYPASS

(Several part of this section has been published in paper number 3 as mentioned in section 11,

List of publications, Manuscript related to thesis)

5.1 Introduction

Evidence suggests that the activation of WBC may be the major and central
contributor of the above process [91]. Responding to CPB PMN release oxidants and
proteases result in tissue damage [19]. MC also play a pivotal role in the regulation of
inflammatory processes, however, the exact change in the phenotype of monocytes during
CPB is not well determined [20, 21]. The crucial role of lymphocytes (peripheral blood
lymphocytes, PBL) in the pathophisiology of reperfusion is now well established, even if the
modification of lymphocytes’ phenotype under CPB appears to be ambiguous [22].
A molecule that may be involved in inflammatory processes of CPB is CD97, which can help
to assess the response of different populations of WBC to CPB, in particular, the activation of
PBL. CD97 is a member of epidermal growth factor seven-span transmembrane protein
(EGF-TM7) family [116, 117]. Expression of CD97 is restricted to myeloid cells and it is
presented only at a low level by resting lymphocytes [117]. Expression of CD97 is induced
distinctly and rapidly by various stimuli on activated lymphocytes followed by both
redistribution of preformed protein and increased mRNA synthesis. CD97 is suggested to play
a very important role within immune system, inflammation and WBC sequestration. The
change in CD97 expression of different leukocyte populations in course of acute
inflammation such as surgery has not been investigated, nevertheless, we believe this marker
is going to be highly relevant following the activation of leukocytes. Moreover, this molecule
is a sensitive marker of lymphocyte activation which process is indefinite under CPB.
On the other hand, PMNs extend tissue damage via expression of adhesion molecules (CD11,
CD18) [93].

The purpose of this study is to determine the involvement of CD97 in the

inflammatory processes caused by CPB and to assess the expression of adhesion molecules
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during and after cardiovascular surgery. Our results can be compared with those observed in

patients operated without CPB (OP).

5.2 Patients and methods

5.2.1 Patients

Thirty patients undergoing first time, elective CABG were enrolled in the study.
Subjects were randomly selected into two groups. CPB group consisted of patients who
received conventional CABG using CPB (20 subjects) and OP group underwent OP surgery
(10 patients). There were no significant differences in the preoperative data of patients as
demonstrated in section 4 (page 35). Patients with immunological disease, recent myocardial
infarction (<3 months), previous stroke, or those receiving acute operation or reoperation,
those who have developed infection, coagulopathy, tumour, acute or chronic renal failure and
respiratory impairment were excluded from the study.

The protocol of the study was approved by the Ethics Committee of the University of
Pecs and the Zala County Hospital. All patients were provided with oral and written informed
consent and were informed clearly about the details of study and blood sampling.

Investigations were performed in accordance with the Declaration of Helsinki.

5.2.2 Anesthesia, operative technique

Each group of patients received the same protocol as described in the section 3 (page
26).

5.2.3 Blood sampling

In CPB group, blood samples from the peripheral vein were taken just after the
induction of anesthesia, during ischemia and 5, 30 minutes after the cessation of aorta cross
clamping, and on the 1st, 2nd, 3rd, and 7th postoperative days. In OP group, blood samples
were collected after the induction of anesthesia, during ischemia and 5, 30 minutes after
completion of the last graft, and on the 1st, 2nd, 3rd, and 7th postoperative days.

All the samples were collected in sterile vacuum tubes containing sodium citrate.
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5.2.4 White blood cell count measurement

The measurement of WBC count was part of the clinical investigation routine. The
WBC count is determined in 10° cells per litre. Number of different WBC subsets were
presented preoperatively, during the surgery (30 minutes after reperfusion) and on the 1%, 2™,

3" and 7™ postoperative days.

5.2.5 Assessment of CD 97 expression

Coagulation of the blood was attenuated by sodium citrate. The samples were
incubated with monoclonal antibodies against human CD 97 molecules (BD Biosciences,
Pharmingen, USA) for 15 minutes. The antibodies were stained with fluorescein-isotiocianate
(FITC). The red blood cells were lysed by hypoosmotic ammonium chloride solution (BD
Biosciences, Pharmingen, USA) for 12 minutes. For the more regular distinguishing between
the leukocyte subpopulations monocyte-specific staining of CD14-phycoerithrin (PE) was
applied. Each sample was centrifuged at 300g for 7 minutes. Thereafter the pellet was diluted
by 2 ml of phosphate buffer solution (PBS) and centrifuged once more (at 300g for 7
minutes). The pellet was fixed in 0,5% formaldehyde solution, and stored in dark, on 4 ° C.
The samples were measured by BD FacsCalibur (BD Biosciences, USA) flowcytometer
within 5 days. To determine the aspecific marking mouse anti IgG; k staining was used
according to the above protocol. The results were analyzed by Cellquest software (BD
Biosciences, USA), and are expressed in arbitrary unit (AU). The percentage of CD97
positive lymphocytes was also estimated in all samples counting lymphocytes on which the

expression of CD97 exceeded a certain level.

5.2.6 Measurement of adhesion molecules

Anticoagulated whole blood samples were stained with FITC- labeled monoclonal
antibodies against CD11a and CD18 (BD Biosciences, Pharmingen, USA) according to the

above protocol.

5.2.7 Statistical analysis

The data is presented in the tables and figures as mean + standard error of mean
(SEM).
The data between the two groups were compared with unpaired Student’s t test. In a given
group comparisons between control data were made using paired Student’s t test. Differences

were considered significant at p values less than 0,05.
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5.3 Results

5.3.1 Alteration in leukocyte subsets

There were no hospital mortalities pulmonary insufficiencies or neurological
complications in either CPB group or in OP group.

The total WBC count as well as PMN count increased rapidly after reperfusion in both
groups and the highest value could be registered in CPB group on the 2" postoperative day.
Later the WBC and PMN count decreased gradually. The PMN counts in CPB group were
significantly higher in all time points compared to the preoperative control, sample,
meanwhile in OP group it exceeded the control value on the 1%, 2" and 3" postoperative days
(Table 4).

Mean value of the MC count (Table 4) rose markedly on the 1* postoperative day
concerning both groups. It reached the maximum in both groups on the 3 postoperative day
with significant difference in all samples in CPB group and on the 2", 3™ and 7™ days in OP
group (Table 4).

The number of PBL in CPB group decreased immediately during surgery and
remained remarkably low while reaching its nadir on the 1% postoperative day when it was
accounted as 58% of the control value. Thereafter, it tended to normalize progressively
reaching the control value at the end of the first postoperative week (Table 4). Comparing the
control samples statistically significant decreases were found during surgery and on the 1%,
2" and 3™ postoperative days. Similarly, an intensive drop in PBL count was documented in
OP group, however, the decrease was less marked than in CPB group. The lowest level was
observed on the 1% postoperative day, which was proven to be significant, compared to
preoperative value. After this period the number of PBL gradually returned to the normal

value.
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Table 4.: Changes in leukocytes count

CPB group OP group P value

(CPB) (OP)
PMN count after anesthesia 4,81%0,26 4,79+0,23 0,484
PMN count 30 minutes after reperfusion 7,38+0,86 6,65+0,63 0,33
PMN count on the POD1 10,63+0,32 10,30+0,44 0,31
MN count on the POD2 9,79+0,54 10,847£0,41 0,274
PMN count on the POD3 8,69+0,58 7,8240,42 0,134
MN count on the POD7 6,0620,5 527:034 0,142
MC count after anesthesia 0,53+0,02 0,55+0,04 0,386
/IC count 30 minutes after reperfusion 0,34+0,04 0,47+0,04 0,127
MC 1 count on the PODI 1=0,09 0,7+0,1 0,192
MC count on the POD2 0,97+0,05 1,02+0,07 0,432
M(C count on the POD3 1,05+£0,05 1,04+0,09 0,458
\/IC count on the POD7 0,93+0,06 0,8+0,06 0,104
PBL count after anesthesia 2,23%0,13 2,15%0,12 0,329
PBL count 30 minutes after reperfusion 1,4+0,15 1,87+0,14 0,082
PBL count on the POD1 1,37+0,04 1,54+0,08 0,227
PBL count on the POD2 1,41+0,11 1,86+0,12 0,147
EBL count on the POD3 1,98+0,16 1,99+0,16 0,490

2,07+0,31 1,97+£0,19 0,41

BL count on the POD7

Data are presented as mean = SEM. CPB group: operation with cardiopulmonary bypass. OP

group: Off- pump operation. P value vas calculated CPB group versus OP group. PMN:

polymorphonuclear leukocytes; MC: monocytes; PBL: lymphocytes; POD: postoperative day

5.3.2 Appearance of CD97 on granulocytes and monocytes

Biphasic modification in surface expression of CD97 was noted on myeloid cells

(PMN and MC) in CPB group (Figure 10).

First, an intensive drop was present in CD97 activity of PMN in course of CPB

(Figure 10). The values of the two intra-operative samples during reperfusion were

significantly lower compared to the control sample. On the first day, the CD97 level of PMN

was close to the control value and subsequently it started to rise considerably, reaching its



maximum 3 days after operation with significant difference on the 2" and 3" days in relation
to control. In OP group the PMN CD97 consistency showed marked decrease in the ischaemic
period differing significantly from control. It finally remained around the control value.
Statistically, the values of CPB group were considerably lower during the early reperfusion
period than the values of OP group. In addition it exceeded the values of OP group

significantly on the 2™ and 3" postoperative days.

T T T

Control lsch Rep5 Rep30 POD1 POD2 POD3 POD7

Figure 10.: Expression of CD97 on granulocytes (mean + SEM). CPB: operation with
cardiopulmonary bypass. OP : Off- pump operation. * p<0,05 between the two groups, **
p<0,01 between the two groups, # p<0,05 compared to the control value, ## p<0,01
compared to the control value. Cont: preoperative; Isch: ischaemic; Rep5, Rep30: 5 and 30

minutes after reperfusion; POD: postoperative days.

The acute, intraoperative decrease in CD97 expression was less expressed on MC than
observed on PMN in CPB group. Exactly as it appeared in PMN, in the case of MC there was
a significant difference during the reperfusion and on the 2" and 3™ days compared to the
control value. Differences between the two groups were proved significant on the 2" and 3™

postoperative days.
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5.3.3 Percentage of CD97 positive lymphocytes
In CPB group, the rate of active CD97 positive PBL (Figure 11) tended to rise

gradually and markedly from the beginning of reperfusion to the 3" postoperative days when
30,12+5,86% was determined to CD97 positive (preoperative value: 8,3+1.56%).

In OP group, the percentage of active CD97 positive PBL showed a peak during
operation at 30 minutes of reperfusion and it was also slightly elevated on the 1
postoperative day (10,44+1,97% versus control value of 7.9+0,65%) (Figure 11). The rate of
CD97 positive PBL in CPB group exceeded significantly those of OP group on the 2" and 3"
days. (Figure 12)

T T

Isch Reps Rep30 POD1 POD2 POD3 POD7

Control

Figure 11.: Change in CD97 expression of Ilymphocytes. CPB: operation with
cardiopulmonary bypass. OP : Off-pump operation. (A) Percentage of CD97 — positive
lymphocytes. * p<0,05 between the two groups, # p<0,05 compared to the control value, ##
p<0,01 compared to the control value. Cont: preoperative, Isch: ischaemia; Rep5, Rep30. 5

and 30 minutes after reperfusion; PD: postoperative day.
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Figure 12.: The effect of conventional operation using CPB (CPB) on lymphocyte activation

i 16 1

on the 3™ postoperative day (A). The count of lymphocytes is shown plotted against the CD97
expression. The black line represents the control, preoperative data and the blue line shows
the values of the second postoperative day. Large amount of lymphocytes increase their
expression of CD97 and a new population of immense activity appears. The effect of off-pump
operation (OP ) on lymphocyte activation on the 3 postoperative day (B). The lymphocyte
count of is shown plotted against the CD97 expression. The black line demonstrates the
control, preoperative data and the blue line represents the values of the second postoperative

day.

5.3.4 Adhesion molecules

The surface appearance of CDl1la and CDI18 adhesion molecules expressed by
granulocytes was characteristic in both groups. The expression of CD11a and CD18 changed
almost the same way in each population of leukocytes. The integrin levels on the surface of
PMN (Figure 13a, b) tended to decrease in the early phase of reperfusion and afterwards they
increased. The expression of both integrins was markedly higher on granulocytes of CPB
group than of OP group, especially on the ond postoperative day. Expression of CD11a and
CD18 on monocytes were similar (expression of CD18 is shown in Figure 13c¢). Lymphocytes
increased their expression of integrins gradually with maximum on the ond postoperative day
in CPB group and on the 3 day in OP group (Figure 13d). On the 2™ postoperative day, the
data of CPB group were statistically and significantly higher than the values of OP group.
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Figure 13.: Changes in expression of adhesion molecules (mean + SEM). CPB: operation
with cardiopulmonary bypass. OP : Off- pump operation. * p<0,05 between the two groups,
*% n<0,01 between the two groups, # p<0,05 compared to the control value, ## p<0,01
compared to the control value. (4) CDI11a expression on granulocytes. (B) CDI8 expression
on granulocytes (C) CDI18 expression on monocytes. (D) CDI8 expression on lymphocytes.

Cont: preoperative; Isch: ischaemia; Rep35, Rep30: 5 and 30 minutes after reperfusion;, POD:
postoperative day.
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5.4 Discussion

This study shows a considerable increase in the total WBC count principally on the 2nd
and 3™ postoperative days of CPB. It occurs mainly as a result of elevation of PMN cells. MC
count increased noticeably after the 1% postoperative day. A considerable lymphocytopenia
was observed on the first days after the operation. Operation of similar surgical invasivity but
without CPB (OP) causes moderate elevation in PMN and MC count and a reasonable drop in
PBL count. These findings correspond to results of other papers [12, 20, 93, 118].

Besides the change in the number of different subsets of leukocytes, investigation of

the modification in activation of leukocyte population is essential to assess the characteristic
of inflammatory response to CPB. Publications dealing with the potential activation or
deactivation of lymphocytes during or after CPB seem contradictory.
Several authors determined the surface expression of interleukin-2 receptor (CD25) on
lymphocytes and also interleukin-2 plasma level with the result that it decreased or remained
unchanged during the operation and in quite early in the postoperative period [119, 120]. Chu
et al. however, found significant elevation of soluble CD25 observing the first 2-week long
periods [120]. Further marker of lymphocyte activation, the function of which is not fully
understood, is the CD69, also known as the “very early activation antigen” designating that it
is a sensitive indicator of early cellular activation [121]. Studies demonstrated that the CD69
expression raise or remain unchanged following the use of CPB [122].

Other mediators to assess the state of lymphocyte activity are the adhesion molecules.
Therefore lymphocyte-derived expression of members of the integrin family (CD11, CD18)
was determined [18]. Toft and associates described that the integrin expression rose
noticeably during surgery. According to the results of this study, the surface appearance of
CDl1la and CDI18 increased markedly after operation especially on the 2" day, which
considerably exceeded the level of off-pump operation [182].

A novel marker reliably indicating the early activation of lymphocytes may be the
CD97. The aim of this study was to assess the lymphocyte activation during and after CPB
using this novel surface molecule. The rate of CD97 positive lymphocytes increased after
surgery with CPB until the 3" postoperative day and remained elevated throughout the first
postoperative week. The group that underwent OP surgery showed less pronounced change.
Sancho and associates studied the surface appearance of peripheral T cells because of the
interaction with stimulated endothelial cells in their inventive in vitro study. In this work

CD97 was routinely applied to assess the early stage of T cell activation [122].
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According to the observations of the present study, the expression of CD97, PMN and
MC show early decrease followed by an evident elevation. The change in the phenotype of
monocytes as a result of CPB is debated in the literature. In most cases early decrease in the
activity state of the MC population is observed by numerous publications using different
markers (HLA-DR, CDl1l1c, CD18, CD64) [23, 123]. Most of them conclude recovery of
these markers until the end of first day after surgery. Hiersmayr and co-workers, however,
found further decrease in HLA-DR and adhesion molecule expression after the first
postoperative day. However, most studies observing longer postoperative period suggest
monocyte activation after CPB and that the activated monocytes are present in circulation for
2-3 days correlates with our findings about the monocyte-derived expression of CD97[124].

The activation of PMN population obviously occurs in the course of CPB [91] and it
can also be followed by CD97 expression of PMN. Interestingly our results demonstrated
decreased CD97 expression in the course of CPB during surgery and within 24 hours after
operation. Presumably, the depletion of these cells can be explained by haemodilution or
selective sequestration of the still active cells or even by the adsorption of activated
leukocytes to the extracorporeal circuit [125, 126]. During the first postoperative days
circulating PMNs becomes extremely abundant in CD97 when the production and surface
presentation of the molecule can take place.

The importance of binding of CD97 to CDS55 (decay accelerating factor, DAF) has
recently gained attention. Activated leukocytes richly presenting CD97 on cellular surface can
attach to the activated endothelial cells, which presumably express increased amount of CD55
thus facilitating leukocytes transendothelial migration [12, 14, 93, 127]. Moreover, it has been
identified that CD97 bind to chondroitin sulfate, which is abundantly situated on cellular
surface and extracellular matrix, thereby augments extracellular anchorage of white blood
cells.

In addition, CD97 plays an important role in intracellular signalling of WBC via the G
protein dependent pathway [116, 117]. The CD97 receptor has a G-protein coupled receptor
related moiety, which may be activated through binding ligands on N-terminal EGF-like
domain of molecule. It is conceivable that this process can lead to further activation thus
amplifying inflammatory response and to tissue damage during and after CPB [93].

Advantageous results of studies dealing with blocking of CD97 with antibody suggest
the important role of the molecule within the immune system. The effect of treatment with

monoclonal antibodies against CD97 was studied in inflammatory diseases [128, 129].
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Neutrophil adhesion and function could be prevented by blocking of CD97 both in dextran
sulphate sodium induced colitis and in pneumonia.

A second target of this study was the monitoring of the modification of adhesion
molecules responding to conventional or off-pump operation. The observed integrin
molecules (CD11, CD18) form the LFA-1, which is known to contribute to the development
of firm adhesion between endothelial cells and WBC by joining to intercellular adhesion
molecule-1 (ICAM). Matata and associates established elevated concentration of ICAM-1
following CPB by obtaining its soluble level in plasma [18]. According to the findings of this
study, supposedly the increased LFA-1 expression is a causative factor that PMN can migrate
through vascular wall at a greater degree. Moreover, the investigations of the present study
showed that monocytes and lymphocytes take place in the process of sequestration after CPB.
It is recognized that extreme adhesion of WBC can lead to leukocyte aggregation, leukostasis
producing disturbance in capillary flow.

Several authors described significant decrease in LFA-1 expression taking blood
samples on the early postoperative period, within the first day [124, 125]. Results of Tarnok
and associates showed decreased expression of LFA-1 during operation, furthermore no
increase was observed on the 7™ day coinciding this study on these time points. The most
attractive findings of our present report is that the CD11a and CD18 expression showed
significant increase in all subsets of leukocytes on the 2°® or 3™ postoperative days in the
course of CPB.

Off-pump surgery produces more moderate alteration in CD97 and also LFA
expression. Al-Ruzzeh and his co-worker stated that circulating neutrophil-derived CD11b
expression is lower in course of off-pump surgery until the 1* day [132]. It can be assumed
that off-pump surgery is associated with more intensive sequestration of leukocytes during
surgery and at an early stage of reperfusion because cardioprotection is not present during
ischaemia as during conventional operation. All the same this technique does not inflict
leukocyte activation and late expression of adhesion molecules within the later period of
reperfusion.

This study introduced the modification in CD97 expression of different leukocyte
subsets during cardiovascular surgery. CD97 may be an important contributor of the
regulation of inflammatory events during and after cardiac surgery. Circulating myeloid cells
expressed decreased level of CD97 until the 1¥ day after surgery, thereafter these proved to be
in higher activity state. Although CABG operation performed with CPB is associated with

significantly lower lymphocyte counts, these lymphocytes exhibit more activation markers.
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Surface presentation of adhesion molecules showed analogous change in patients operated
with CPB. Off-pump operation provokes more moderate activation both in myeloid cells and
in lymphocytes. In one respect, our results show the beneficial effect of off-pump technique,
which can correlate with the rare complications observed in patient compared to operation
with CPB. The results about CD97 expression in course of CPB contribute to a more detailed
understanding of the complex inflammatory response, blunted immunological functions
during and after CPB. The functional role of CD97 during CBP can be elucidated in
experimental model by treatment with monoclonal antibody against CD97, thus investigating

the potential therapeutic effect of CD97 blocking.
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6. OXIDATIVE STRESS DURING CORONARY ARTERY BYPASS
GRAFTING WITH OR WITHOUT CARDIOPULMONARY BYPASS

6.1 Introduction

Previously, it was clarified that CPB induces profound and long-term activation of
each subsets of leukocytes. Besides activated leukocytes plug on the microvasculature causing
hypoperfusion, most important mechanism of WBC-mediated injury is the production of free
radicals, especially by PMN. Evidences suggest that oxidative stress play a significant role in
pathogenesis of CPB [39, 133]. Systemic occurrence of oxidative stress was demonstrated in
course of CPB [39]. Ones, generation of ROS source from activated PMN during CPB. On

the other hand increased release of great amount of ROS occurs at organ, cellular level as a

result of myocardial IR, suspension of the circulation of lungs and hypoperfusion of organs
[39]. The nature of these oxidative events leads to depletion of plasma antioxidants thus
leading to development of systematic oxidative stress with cellular damage and appearance of
metabolites like MDA [133]. There are only a few papers dealing with endogen antioxidants.

These reported that antioxidant response is not sufficient to counteract the heavy oxidant

attack during application of CPB [134, 135].

It has been suggested that the systemic oxidative stress caused by CPB result in a

significant proportion of the adverse outcomes [39, 136]. It has moreover been demonstrated

that on-pump procedure gives rise to a more pronounced systemic inflammation and oxidative
stress than the off-pump procedure in the early postoperative period [11, 137]. The changes in
activity of endogen and plasma antioxidants have also been observed in the acute phase of
reperfusion [134, 138].

Less is known, however, about the time-course, duration of oxidative stress following

CPB. Since we have observed prolonged inflammatory response and WBC activation after
CPB, we aimed to investigate the effect of CPB on ROS generation and systemic antioxidant
capacity. We therefore conducted a comprehensive analysis of the temporal profile and

magnitude of oxidative stress during and after CPB comparing the results to OP technique.
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6.2 Patients and methods

6.2.1 Patients

Thirty patients (63, 2+2,5 years, 7 females, 23 males) undergoing first time, elective
CABG were enrolled in the study. Subjects were randomly selected into two groups. CPB
group consisted of patients received conventional CABG using CPB (CPB group, 20 subjects)
and OP group underwent OP surgery (OP group, 10 patients). There was no significant
difference in the preoperative data of patients concerning the age, gender the number of
performed grafts (3,58+0,18 in CPB group, 3,375+0,31 in OP group) and number of arterial
graft (LIMA) (0,88+0,09 in CPB group, 0,92+0,0,08 in OP group) and preoperative risk score
(EuroSCORE) score: 2,53+0,54 in CPB group, 2,59+0,31 in OP group). Patients with
immunological disease, recent myocardial infarction (<3 mounts), previous stroke, receiving
acute operation or reoperation, developing infection, coagulopathy, tumor, acute or chronic
renal failure, respiratory impairment were excluded from study. Anesthesia and operative
technique in both groups was performed as described in the section 3.

The protocol of study was approved by the Ethics Committee of the University of Pecs
as well as the Zala County Hospital. All patients were provided with oral and written

informed concern and were profusely inform about the details of study and blood sampling.

6.2.2 Anesthesia, operative technique

Each group of patients received the same protocol as described in the section 3 (page

26).

6.2.3 Blood sampling

Blood samples were collected in both groups at different time points during the
surgery and first postoperative week. The protocol for blood sampling was designed that the
time points of samples were equivalent in time according to the two groups of different
techniques. In CPB group, samples from peripheral vein were taken just after the induction of
anaesthesia furthermore 5 and 30 minutes after the cessation of aorta cross clamping,
moreover on the morning of 1%, 2" 3™ and 7" postoperative days. In OP group blood from
peripheral vein were collected just after the induction of anaesthesia, 5 and 30 minutes after
completion of the last graft, furthermore on the morning of 1%, 2" 3" and 7" postoperative

days. All of the samples were collected in sterile vacuum tubes containing sodium citrate.
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6.2.4 Measurement of reactive oxvgen species producing capacity

Respiratory burst of leukocytes was assessed by measuring the amount of reactive
oxygen species in whole blood via modified chemiluminescense (CL) method based upon the
reaction of luminol with free radicals, as described by Dandona an associates [139]. Firstly,
20 pl of blood was diluted in 1400 ml Medium 199 (Sigma, USA) nutrient mixture at 37 °C.
Thereafter 30 pl of 0.56mM 3-aminophtalhidrazide (Loba Feinchemie, Austria) was added to
the cuvette and placed immediately to Chrono-Log Whole Blood Lumino-aggregometer
(Model 560, Chrono-Log, USA) and was incubated at 37 °C with continuous mixing during
measurement. The background chemiluminescence was recorded against time by the printer
of luminometer. After a few minutes, 30 ul of 0.16 mM phorbol-12 myristate-13 acetate
(PMA) (Sigma, USA) was injected promptly into the cuvette.

The intensity and rate of generation of free radicals were determined by peaked curve.
Subsequently given papers with curve about free radical production were scanned into
computer and the latency, rise of curve and the area under the curve were calculated applying
Colim software (Fig. 14). The given values were divided by leukocyte count. The area under
the curve represents the total free radical generating capacity, respiratory burst activity of
standard number of leukocytes to standard stimulation of PMA. Thus this parameter was

further compared between groups.
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Figure 14.: Representative curve of oxidative burst.

6.2.5 Visualisation of ROS production in isolated PMN

Following blood sample collection, leukocytes were harvested from blood by placing
large drops of blood on glass slides for 2 minutes at 37 °C. Preformed coagulum was removed
from slides and slides were rinsed with saline to replace nonadherent cells. Cells were
incubated in 20 mM cerium-chloride (CeCls) solution (Sigma, USA) and 50uM of propidium
iodide (PI) (Sigma, USA) for nuclear staining. Preparations were then mounted in glycerol
gelatin (Sigma, USA) supplemented with anti-fading agent of 1,4 diazabicyclo-octane
(DABCO, USA). To control CeCl; staining negative control preparations, without Ce
treatment and positive control preparations treated with 1pM PMA were carried out.
Validation of CeCl; staining was performed by confocal laser scanning microscopy as
described by Telek et al [140]. The imaging and semiqantification of Ce-perhydroxide
deposits was performed with Nicon Eclipse TE-300 inverted microscope attached to an MRC-
1024ES confocal system (Bio-Rad, UK). Preparations were illuminated with at 488 and 457
nm with argon laser. Ce deposits were detected by reflectance. Detecting fluorescence above

550 nm, the appearance of PI stained nuclei could be detected. High-resolution images were
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taken (2500xmagnification) and digital superposition to give a three-layer composite image
using Confocal Assistant TM 4.0 software (Todd Clark Brelje, USA).

6.2.6 Assessment of lipid peroxidation

Plasma of blood samples were divided as described in section 4. Malondialdehyde
(MDA) concentration was monitored from plasma-samples as indices of lipid peroxidation.
MDA concentration was measured by spectrofotometry using original kit (CALBIOCHEM
Lipid Peroxidation assay kit, EMD Biosciences, Inc. San Diego, USA) following the
instructions of manufacturers. Standard curve was obtained to estimate the concentration of

MDA in samples from adsorbance in umol per liter

6.2.7 Determination of activation of antioxidant enzymes and reduced glutatione

Blood samples were centrifuged at 2225g for 10 minutes on 4 °C and the supernatant
was aspirated and dropped. Thereafter the pellet was diluted with ice-cold saline and
centrifuged once more (at 3000g for 7 minutes) followed by repeatedly aspiration of
supernatant. The pellet was treated with hypo-osmotic solution of ammonium- chloride thus
lysing red blood cells (RBC). The activity of superoxide dismutase (SOD) and catalase (CAT)
were analyzed from haemolysates by colorimetric, original assays (CALBIOCHEM Catalase
assay kit, CALBIOCHEM Superoxide dismutase assay kit, EMD Biosciences, Inc., USA).
Moreover the level of reduced glutatione (GSH) level was quantified from haemolyzates by
commercially available assay kit (CALBIOCHEM Glutatione assay kit, EMD Biosciences,
Inc., USA). The final activities and concentrations were calculated after standardization. The
activity of CAT and SOD were presented in unit per liter. GSH level was shown in nM per

liter.

6.2.8 Statistical analysis

The data is presented in the tables and figures as mean + standard error of mean
(SEM).
The data between the two groups were compared with unpaired Student’s t test. In a given
group comparisons between control data were made using paired Student’s t test. Differences

were considered significant at p values less than 0,05.
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6.3 Results

6.3.1 Production of reactive oxygen species

CPB induced extreme increase in ROS generating capacity of leukocytes. It elevated
gradually during the intervention, 30 minutes after cessation of aorta cross-clamping. After
the operation it rose further peaking on the 2" POD (almost 20 fold increase related to control
value). The values of all time points exceeded significantly the control level. OP operation
was also associated with considerable elevation in ROS generation but it was definitely lower
than in CPB group. It increased till the 3" POD reaching its maximum, which was 9 fold
higher than the preoperative value. The amounts of ROS were significantly higher on the 1%,
2m 31 7% pOD compared to the control. Comparisons between groups showed significantly

higher levels in CPB group over the postoperative days (Figure 15).
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Figure 15.: Oxidative burst activity of PMN following CABG with or without CPB. Data are
presented as mean = SEM in arbitray unit (AU). CPB: operation with cardiopulmonary
bypass; OP: Off- pump operation; * p<0,05 between the two groups, .** p<0,01 between the
two groups, # p<0,05 compared to the control value, ## p<0,01 compared to the control

value.
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6.3.2 Visualisation of ROS production in isolated PMN

Small amount of Ce-deposits could be detected in control samples both of OP and
CPB group (Fig. 16). Qualitative imaging, however showed dramatically increase in CPB
groups during early reperfusion till the end of postoperative week. Semiqualitative analysis

demonstrated peak values of reflectance signals of Ce-perhydroxide deposits on the first POD.

Staining of Ce was markedly abrogated in OP group (Fig. 16).

Figure 16.: Cerium histochemistry of PMN from blood of patients operated with conventional
or off-pump surgery. Pictures show one PMN representative of patients before operation with
CPB (4), on the 2 postoperative day following conventional CABG (B) , before off-pump
operation (C) and 2 days thereafter (D). Green pixels represent the reflectance of cerium-

perhydroxide deposists. Red marking demonstrate the nuclear staining with propidium iodide.

67



6.3.3 Level of malondialdehyde

The changes in MDA plasma levels as marker of lipidperoxidation in both groups over

the time are demonstrated on figure 17. MDA level of CPB group peaked 30 minutes after
beginning of reperfusion and it remained highly elevated on the 1%, 2" and 3™ POD with
significant difference from the early reperfusion (5 and 30 minutes of reperfusion) to the 31
POD. However, only a slight elevation can be documented in OP group peaking on the 2nd
POD. Statistically significant deviation between groups can be reported on the 5™ and 30™

minutes of reperfusion furthermore on the 2" POD.
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Figure 17. Level of malondialdehide in plasma (mean + SEM). CPB: operation with
cardiopulmonary bypass, OP: Off- pump operation; * p<0,05 between the two groups, .**
p<0,01 between the two groups, # p<0,05 compared to the control value, ## p<0,01

compared to the control value.
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6.3.4 Change in activity of antioxidant enzymes and level of reduced glutation

Contrasting alteration in SOD activity can be noted in two groups (Fig 18). In CPB
group it decreased continuously reaching its nadir on the 2" POD and it normalized to the 7™
POD. Comparisons of data over the time with control (preoperative) sample showed
significantly lower values 30 minutes and 2 days after reperfusion. With regard the OP group
SOD activity rose gradually during the operation while on the 1 POD it was closed to control
thereafter it increased again without any considerable difference to preoperative sample. The

- deviance between groups was proved significant on the 2" and 3" POD.
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Figure 18.: Determination of superoxide dismutase activity from haemolysates of patients
receiving CABG carried on with or without CPB. Data are presented as mean + SEM in unit
per liter (U/l). CPB: operation with cardiopulmonary bypass; OP: Off- pump operation; *
p<0,05 between the two groups, # p<0,05 compared to the control value.
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Less expressed change can be observed in CAT activity (Fig. 19.). Following an early
insignificant elevation a moderate drop was documented in CPB group. CAT activity of off-
pump patients peaked on the 2" POD. Neither analysis of time points in a given group nor

statistical calculations of differences between group revealed no trivial deviance
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Figure 19.: Activity of catalase folloving coronary revascularisation with CPB or off-pump
technique. Data are presented as mean + SEM in unit per liter (U/l). CPB: operation with
cardiopulmonary bypass; OP: Off- pump operation; * p<0,05 between the two groups, #

p<0,05 compared to the control value.
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GSH level decreased markedly soon after beginning of ischaemia in both groups (Fig.
20). Although in CPB group GSH levels remained decreased until the end of the first
postoperative week the values of OP group tend to recover to the 1% POD. All of samples
from beginning of reperfusion to the 2™ POD had significantly lower GSH levels related to
preoperative values, considering CPB group. In OP group no statistically significant
difference could be calculated related to control. On the 2™, 3™ POD significant intergroup

differences were found
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Figure 20.: Reduced glutation concentration of haemolysates during and after CABG with or
without CPB. Data are presented as mean + SEM in nmol per liter (nM/l). CPB: operation
with cardiopulmonary bypass;, OP: Off- pump operation; * p<0,05 between the two groups,
# p<0,05 compared to the control value.

6.4 Discussion

Our results demonstrate that profound and long-lasting oxidative stress occurs in
patients undergoing CABG with CPB. The antioxidant activity of these patients could not
recover during the first days of postoperative period. OP surgery was able to reduce the

increase of ROS release and to preserve antioxidant capacity.
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Evidences are continuously growing to prove that free radicals are produced after
operation with CPB [38]. Since ROS are extremely reactive and have very short life spans
they can only be quantified difficultly. In tissues, ROS can only be measured by electron spin
resonance (ESR) spectroscopy as performed in patients receiving CABG carried out on CPB
by Garlick and colleagues [141]. Other effective and accepted approach to measure free
radicals is the chemiluminesce method when ROS, maily superoxide anions are reacted with
luminol provoking scintillation [142]. ROS generating capacity of PMN were ascertained
after provoked activation with PMA. This activation of PMN reflects the degree of their
activation and in compliance with it the action of leukocytes when they pass through
capillaries and appear in extracellular space of jeopardized myocardium or lung. The ability
of activated PMN to endothelial transmigration have been clarified previously (section 5).
Kuzuya and associates described the extracellular activation of PMN thus leading to enlarged
free radical production in extracellular matrix. Moreover they revealed direct correlation
between the ROS production of PMN and myocardial injury during reperfusion [143].
According to our results, patients received operation with CPB are more susceptible to
increased oxidative burst activity of PMN. These data agree with the results of other studies
using other methods [144, 145]. Investigations measuring ROS with ESR spectroscopy
postulated similar consequences early after cessation of aorta-cross clamping [39, 146].
Furthermore it worth emphasize that we observed the ROS production to further elevate after
the early minutes of reperfusion, over the first postoperative week peaking on the 2" POD.

MDA is a marker of lipidperoxidation, which shows the extent of developed oxidative
damage [147]. Our findings suggest that increased level of lipidperoxidation occur during the
operation and first postoperative days in patients undergoing conventional CABG. Early
increase of MDA was reported in other studies [148, 149]. By contrary, our findings address a
prolonged elevation in plasma MDA level representing the existence of oxidative stress even
at later postoperative period.

During normal condition and even in course of increase ROS production antioxidant
enzymes act to minimize the likely harm of toxic ROS products. Our results about the
endogen antioxidant battery are indicative of long-lasting and exhausting oxidative stress in
course of CPB. Regarding off-pump surgery the GSH levels and antioxidant enzyme activities
compensate the increased forces of free radical production.

SOD catalyzes the dismutation of superoxide anion to hydrogen peroxide and
molecular oxygen. Developing hydrogen-peroxide is further degraded by CAT to water and

molecular oxygen. Third main preventative antioxidant enzyme is the glutation peroxidase
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promoting the reduction of hydrogen peroxide and lipid hydroroxides to water or lipid
alcohol. In such a reaction GSH is utilized as reductant leading to appearance of oxidized
glutation (GSSG). The function, activity of glutation peroxidase was obtained by measuring
of GSH level in cell. Normally, cells maintain high level of GSH performed by depletion of
NADPH as reducing agent thus eliminating the effect of continuously generating ROS [150].
In condition of hard oxidative stress, GSH and NADPH is depleted thereby leading to
deteriorated functions or cellular death. During increased free radical production such as
ischemia-reperfusion endogen antioxidant capacity of different tissues can be remarkably
reduced as described by Das and co-authors [151]. Under this circumstance the endogen
defense is impaired and cells can not cope with further raising level of ROS [152].

There is evidence in literature that CPB decrease the activity of SOD and CAT even in
course of early and long reperfusion [153]. In abstract of Pechan and coworkers, the reduction
of antioxidants was documented during the first postoperative day after CPB agreeing with
our findings [154]. Regarding off-pump surgery marked reduction was observed in SOD
activity. We however found enlarged activity of SOD and CAT in OP patients. This
phenomenon increased endogen antioxidant battery can be explained by compensation of
slightly increased free radical production. Alternatively, evidences are growing to suggest that
brief and multiple periods of partial ischemia of heart result in cardioprotection partially via
expanded activity of antioxidant enzymes, as reported by Kuzuya and co-authors [155]. In our
OP patient the ischemic periods lasted 10 to 15 minutes on several occasion mainly 2 to 4
times. These ischemic effects may be enough to trigger preconditioning.

In conclusion, present study revealed extremely elevated and prolonged production of
free radicals and exhausted, reduced activity of antioxidant defense following conventional
CABG with CPB. Off pump operation can be characterized by moderately increased ROS
production with appropriately enhanced antioxidant capacity. The most important novelty of
this study is the establishment of long-lasting oxidative stress to CPB. It may be elucidated by
prolonged WBC activation following CPB.

On the other hand, the appearance of profound oxidative stress during the first postoperative

week in CPB patients may contribute to impaired recovery following intervention.
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7. SYSTEMIC ACTIVATION OF POLY(ADP-RIBOSE) POLYMERASE
IN PATIENTS RECEIVING CORONARY ARTERY BYPASS GRAFTING
WITH OR WITHOUT CARDIOPULMONARY BYPASS

7.1 Introduction

Occurrence of oxidative stress during and after CPB strongly suggests the role of poly
(ADP-ribose) polymerase (PARP) pathway. Free radicals are known to provoke DNA strand-
breakage activating PARP. Under pathologic condition associated with marked free radical
production, it can lead to cellular NAD+ and ATP depletion [42]. Depending on severity of DNA
damage three different ways can be triggered through PARP activation. Mild oxidative injury
resulted in DNA repair with preserved cellular functions, severe damage leads to apoptosis
through p53 dependent and independent (apoptosis-inducing factor) pathways. Necrotic cell
death is caused by more severe oxidative stress via overactivation of PARP with consecutive
NAD depletion [42]. Moreover, PARP activation was reported to alter the function of
transcription factors and upregulate the expression of several pro-inflammatory genes by direct
protein-protein interaction or by poly ADP-ribosylation [156]. Recent studies suggest that
pharmacological inhibition of PARP can beneficially influences the protein-kinase signaling in
ischemic-reperfused hearts [157].

The central role of PARP activation in pathomechanism of myocardial ischemia-
reperfusion has been widely established [42, 158]. It has been demonstrated by several authors
that activation of PARP enzyme play crucial role in systemic inflammation, circulatory and
endotoxin shock [43, 159]. Experimental studies suggest the importance of PARP and beneficial
role of PARP inhibition during application of CPB and cardiac arrest [160, 161]. It was also
clarified that local insult of myocardial ischemia-reperfusion is sufficient to induce the activation
of PARP in circulating leukocytes during infarction [162]. Furthermore Hageman and coworkers
[163] reported that systemic PARP activation is present in patient with chronic obstructive
pulmonary disease, representing inflammatory disorder.

At present, data are lacking on the role of systemic PARP activation in patients receiving
open-heart surgery and it is also unknown whether omission of CPB is eligible to reduce systemic

PARP activation. To answer these questions, systemic activation of PARP was assessed in
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peripheral lymphocytes of patients during and after operation with CPB and in patients
undergoing OP surgery.

7.2 Patients and methods

7.2.1 Patients

Thirty patients were selected as described in section 6 (page 62)

7.2.2 Anesthesia, operative technique

Each group of patients received the same protocol as described in the section 3 (page 26).

7.2.3 _Determination of PAR polymers
Venous blood sample for determination of PAR polymers was collected in EDTA-containing

tubes, put immediately on ice until sample preparation. The mononuclear cells were separated
using Ficoll-Paque (Amersham Bioscience, Sweden). Briefly, 6 mL of Ficoll-Paquette was
placed into the bottom of a centrifuge tube, and 8 mL of 1:1 dilution of anticoagulated whole
blood in PBS was pipetted onto the top with care taken to avoid mixing. The tubes were then
centrifuged at 800 g for 15 min at 4°C. The band of mononuclear cells on the top of Ficoll-Paque
below the level of plasma layer was aspirated.

Staining for flow cytometry was carried out as described by Ogata with modifications [164].
Briefly, mononuclear cells were pelleted by centrifugation (175 g, 5 minutes) and then fixed in
1% formaldehyde in PBS for 10 minutes at 37 °C. After 1 minute of chilling, cell suspensions
were washed in PBS again by centrifugation. Cells were permeabilized applying 90 % methanol
(Sigma) for 30 minutes at 4 °C. Thereafter cells were rinsed twice with 0.5 % bovine serum
albumin (BSA) (Invitrogen, USA) followed by incubation in 0.5 % BSA for 10 minutes at room
temperature. Subsequent to blocking of cells in BSA, polyclonal antibodies against PAR was
used at dilutions 1:10 for 45 minutes. After centrifugation, supernatant was carefully aspirated
and cells were resuspended in 100 ul 0.5 % BSA containing FITC conjugated secondary antibody
(MolecularProbes, USA) at a dilution of 1:50, and were incubated for 30 minutes. Fluorescent
staining of samples was quantified by flow cytometric measurement of 10 000 cells. To

determine the non-specific marking of cells, secondary antibody was applied for 30 minutes
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without primary antibody following permeabilization. Our results were analyzed by Cellquest
software (BD Biosciences, USA) measuring the amount of PAR in the cells as mean fluorescence

intensity (MFI).

7.2.4 Statistical analysis

The data is presented in the tables and figures as mean + standard error of mean (SEM).
The data between the two groups were compared with unpaired Student’s t test. In a given group
comparisons between control data were made using paired Student’s t test. Differences were

considered significant at p values less than 0,05.
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7.3 Results

The binding of PAR specific antibodies, which is indicative of PARP activation, was
markedly increased in patient operated with open-heart surgery (Fig. 21). PAR staining was
significantly stronger from the early reperfusion to the 2™ POD (Fig 21b). On the 3" and 7" days
PAR staining was around baseline level in patients operated with CPB. OP technique was able to
abolish the increased activation of PARP. Considering OP patients, appearance of PAR did not
differ from control level during the whole observation period. Mononuclear cells of CPB patients
had significantly higher amount of PAR 30 minutes after aorta de-clamping and on the 1% and 2"

POD compared to leukocytes of OP patients..
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Figure 21.: Appearance of PAR in lymphocytes of patients receiving CABG (4). CPB: operation
with cardiopulmonary bypass. OP: Off- pump operation.* p<0,05 between the two groups, #
p<0,05 compared to the control value, ## p<0,01 compared to the control value.

Activation of PARP enzyme on the 2" postoperative day (B). The lymphocyte count of is shown
plotted against the intensity of PAR. The red line demonstrates the population of lymphocytes of
one patient representative of CPB group, blue line represents the values of the OP group.
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7.4  Discussion

The present study showed that application of CPB resulted in significant and prolonged
activation of PARP in circulating mononuclear cells of patients. OP technique abolished the
systemic and long-term PARP activation. This study showed for the first time that CPB causes
PARP activation in circulating leukocytes of human beings.

Activation of PARP enzyme has been identified as a crucial pathway in cellular response
to oxidative injury. Previous studies have demonstrated the activation of PARP in myocardium
following reperfusion [42, 165]. Recently, evidences suggest excessive PARP activation occurs
in the tissues of heart and lung, during and following CPB [166-168]. Treatment with potent
inhibitors of PARP had advantageous effect on postoperative cardiopulmonary functions.
Furthermore Szab6 and associates established the beneficial effect of PARP inhibition on
mesenterial vascular function, improvement of coronary blood flow and renal function [169-171].
These findings suggest the importance of systemic PARP activation. Murthy reported that rat
mononuclear cells showed increased staining against PAR following experimental myocardial
infarction [162]. Several types of inflammatory diseases are associated with PARP activation in
circulating leukocytes [163, 172].

Oxidative stress is primary responsible for activation of PARP as demonstrated in our
previous study (section 6). PARP activation in cells receiving oxidative stress, however leads to
suppression of cellular metabolic state via cellular NAD+ depletion. It is conceivable that NAD+
and consequently ADP levels may be depleted in the circulating lymphocytes following CPB.
Suppression of metabolic function of circulating leukocytes can be advantageous due to
inhibition of their contribution in inflammatory processes and increased elimination of
inflammatory cells. On the other hand overactivation of PARP may also amplify inflammatory
events via necrotic death of inflammatory cells [42, 173]. Even though, assessment of systemic
PARP activation in circulating cells of patients may represent the PARP activation of systemic
organs, which are exposed to same extent of oxidative damage. Importantly, there is an
association between PARP activation and inflammatory processes. In its activated state, PARP
triggers NFKB and AP-1 leading to increased expression of cytokines, iNOS, MIP-1a, and
adhesion molecules [174]. Blockade of PARP influences the down-regulation of these
inflammatory mediators contributing to delayed inflammatory processes [42, 162]. Without

doubt, the effectiveness of PARP inhibition in diseases of inflammatory origin such as shock
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sepsis and delayed phase of reperfusion has been proved by several authors [42, 156, 175]. Our
results suggest that therapeutic usage of PARP inhibitors may provide effective approach in
treatment of cardiac surgical patients. On the other hand, the assay presented by us can be useful
to assess systemic PARP activation in individuals and also to follow the ability of agents to block
catalytic activity of PARP, in setting of clinical study.

In conclusion, our study shows the over-activation of PARP in patients undergone open-
heart surgery. Cardiac surgical intervention on beating heart without CPB does not induce

significant activation of PARP enzyme.
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8. NOVELTIES AND CLINICAL RELEVANCE

Despite the early elevation of pro-inflammatory cytokines are counterbalanced by
anti-inflammatory forces, prolonged and considerable pro-inflammatory processes are
present during days following application of CPB. Moreover these findings can refer

to timing of anti-inflammatory therapy after open-heart surgery.

It was demonstrated that myocardial outflow of pro-inflammatory cytokines occur
during CPB and it is less expressed during off-pump technique. Thus jeopardized
myocardial tissue can contribute to inflammatory processes and amplify local

inflammatory insults.

It was proved for the first time that off-pump surgery can decrease IL-12 expression
when compared to operation with CPB, thereby decreasing the contribution of cellular

immune response.

Novel to this work was the demonstration of CD97 activation on leukocytes after
CPB representing activation state of white blood cells. Adhesion molecules are also
presented markedly in course of CPB. Off-pump surgery decrease both CD97 and

adhesion molecule expression related to surgery using CPB.

We were able to demonstrate that activated leukocytes can exert condition of
oxidative stress as a result of CPB. Oxidative injury remains significant over the
postoperative days following CPB. Off-pump surgery is associated with more

moderate oxidative processes.

Exhaustible oxidative effects after CPB provoke decreased activity of antioxidant

cnzymes.
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—  Our biochemical measurements provided evidence for the first time that marked
oxidative injury led to systemic PARP activation in patients receiving open-heart

surgery. Off-pump surgery was able to reduce manifest activation of PARP enzyme.

81



9. ACKNOWLEDGEMENT

I would like to take the opportunity to express my thanks to my supervisor, Professor
Erzsébet Réth for continous support [ have received over the years of my work.

I am particularly grateful and indebted to Dr. Nasri Alotti. He has given me not only
professional and devoting clinical instruction and knowledge but irreplaceable scientific
advice.

I would like to acknowledge to Professor Lajos Papp his dedicated contribution to my
projects. Dr. Sandor Szabados continuously proved a reliable support to this work.

Professor Balazs Siimegi and all the staff of Department of Biochemistry and Medical
Chemistry for providing me with opportunity to carry out a series of experiments at their
department.

I would like to express my appreciation to Déra Reglddi for her bright personality and
helpful, cooperative approach.

Istvan Szokodi must be addressed here for his irreplaceable support in teaching several
valuable laboratory methods.

I would like to take the oppurtinity to express my thanks to Professor Ferenc Gallyas
who drew my attention to research work.

My colleagues Janos Lantos, Balazs Borsiczky, Gabor Jancsé, Zalan Szant6, Boglarka
Racz, Laszl6 Benkd, Andrea Ferencz, Barbara Cserepes, Sandor Ferencz, gave me useful
advices and help during my everyday work. All the staff of Department of Surgical Research
and Techniques should be acknowledged too. Without them I couldn’t perform my work and I
would have never enjoyed my stay at the department half as much as I did.

I also would like to acknowledge the help assistance all the stuff of Department of Cardiac
Surgery in Zala County Hospital and Heart Institute of Unversity of Pécs who help me in
carrying out my investigations and clinical trial.

At last but not least, my family, my fiance Kata and my parents must be acknowledged

too for their continuous support and love.

82



10

11

12

13

14

15

16

17
18

19

20

21

10. REFERENCES

Frey MV, Grube. Untersuchungen iiber den Stoffwechsel isolierte Organe: Ein
Respiration —Apparat fiir isolierte Organ. Arch F Physiol 1885; 9: 519-524

Liotta D, Hall CW, Cooley DA, De Bakey ME. Prolonged ventricular bypass with
intrathoracic pumps. Trans Am Soc Artif Intern Organs 1964; 10: 154-6

Gibbon JH Jr. Artificial maintainance of circulation during experimental occlusion of
pulmonary artery. Artif Organs 1937; 34: 1105-1131

Gibbon JH Jr. Application of a mechanical heart and lung apparatus to cardiac surgery.
Minn Med 1954; 37: 171-180

Kirklin KJ The postperfusion syndrome. In: Cardiopulmonary bypass (Ed. Tinker HJ)
WB Souders 1989.

Kolessov VI. Mammary artery-coronary artery anastomosis as a method of treatment for
angina pectoris. ] Thorac Cardiovasc Surg 1967; 54: 535-544

Buffolo E, Succi AJ, Leao LEV, Gallucci C. Direct myocardial revacularisation without
cardiopulmonary bypass. J Thorac Cardiovasc Surg. 1985; 33: 26-29

Sadel MS. Safety and management of perturbation during cardiopulmonary bypass In:
Cardiopulmonary bypass Principles and techniques of extracorporeal circulation (Ed.
Mora TC) Springer-Verlag, New York , 1995

Paparella D, Yau MT, Young E. Cardiopulmonary bypass induced inflammation:
pathophysiology and treatment. An update. Eur. J Cardiothorac Surg 2002;21:232-244
Akbas H, Erdal CA, Demiralp E, Alp M. Effects of coronary artery bypass grafting on
cellular immunity with or without cardiopulmonary bypass: changes in lymphocytes
subsets. Cardiovasc Surg 2002; 10: 586-592

Kirklin KJ, Blackstones HE, Chenoweth ED. Complement and damaging effect of
cardiopulmonary bypass. J Thorac Cardiovasc Surg 1983; 86: 845-857

Wan S, LeClerc JL, Vincent JL. Inflammatory response to cardiopulmonary bypass:
mechanisms involved and possible therapeutic strategies. Chest 1997; 112: 676-692
Levy JH, Tanaka KA. Inflammatory response to cardiopulmonary bypass Ann Thorac
Surg 2003; 59: 715-720

Jerrold H, Tanaka KA. Inflammatory response to cardiopulmonary bypass Ann Thorac
Surg 2003; 59: 715-720

Ascione R, Lloyd CT, Underwood MJ, et al. Inflammatory response after coronary
revascularisation with or without cardiopulmonary bypass. Ann Thorac Surg
2000;69:1198-1204

Eppihimer MJ, Granger DN. Ischemia/reperfusion-induced leukocyte-endothelial
interactions in postcapillary venules. Shock. 1997; 8: 16-25.

Springer TA. Adhesion molekules of immunes system. Nature 1990; 346: 425-35
Matata BM, Sosnowski WA, Galinanes M. Off-pump bypass graft operation significantly
reduces oxidative stress and inflammation Ann Thorac Surg 2000; 69: 785-791

Jordan JE, Zhao ZQ, Vinten-Johansen J. The role of neutrophils in myocardial ischemia-
reperfusion injury Cardiovasc Res. 1999 Sep;43(4):860-7

Hiesmayr MJ, Spittler A, Lassnigg A. Alterations in the number of circulating leucocytes,
phenotype of monocyte and cytokine production in patients undergoing cardiothoracic
surgery. Clin Exp Immunol. 1999;115(2):315-23

Sbrana S, Parri MS, De Filippis R, et al. Monitoring of monocyte functional state after
extracorporeal circulation: a flow cytometry study. Cytometry. 2004 ;58B(1):17-24.

83



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Akbas H, Erdal AC, Demiralp E, et al. Effects of coronary artery bypass grafting on
cellular immunity with or without cardiopulmonary bypass: changes in lymphocytes
subsets. Cardiovasc Surg. 2002;10(6):586-9.

Brix-Christensen V. The systemic inflammatory response after cardiac surgery with
cardiopulmonary bypass in children Acta Anaesthesiol Scand 2001; 45 : 671-679

Wan S, LeClerc JL, Vincent JL. Cytokine response to cardiopulmonary bypass: lessons
learned from cardiac transplantation. Ann Thorac Surg 1997; 116: 269-276

Wan S, Anthony PC. Cytokines in myocardial injury: impact on cardiac surgical
approach. Eur J Cardio-Thorac Surg 1999; 16: 107-111

Ruvolo G, Greco E, Speziale G, et al. Nitric oxide formation during cardiopulmonary
bypass. Eur J Cardiothorac Surg. 1994; 8: 449-50.

Shido T, Ikeda U, Ohkawa F, et al. Nitric oxide synthesis in cardiac myocytes and
fibroblasts by inflammatory cytokines. Cardiovasc Res 1995; 77:494-502

Lin PJ, Chang CH, Lee YS, et al. Acute endothelial reperfusion injury after coronary
artery bypass grafting. Ann Thorac Surg 1994; 58: 782-788

Van Camp JR, Yian C, Lupinetti FM. Regulation of pulmonary vascular resistance by
endogenous and exogenous nitric oxide. Ann Thorac Surg 1994; 57: 1311-1318

Matheis G, Haak T, Beyerdorf F, et al. Circulating endothelin in patients undergoing
coronary bypass grafting. Eur J Cardiothorac Surg 1995; 9: 269-274

Zhu ZG, Wang MS, Jiang ZB, et al. The dynamic change of plasma endothelin-1 during
the perioperative period in patients with rheumatic valvular disease and secondary
pulmonary hypertension. J Thorac Cardiovasc Surg 1994; 108: 960-988

te Velthuis H, Jansen PGM, Oudemans-van Straaten HM, et al. Circulating endothelin in
cardiac operations: influence of blood pressure and endotoxin. Ann Thorac Surg 1996;
61: 904-908

Ruel M, Khan AT, Voisine P, Bianchi C, Sellke WF. Vasomotor dysfunction after
cardiac surgery. Eur J Cardiothorac Surg 2004; 26: 1002-1014

Boyle ME, Pohlman TH, Johnson MC, Verrier ED. Endothelial cell injury in
cardiovascular surgery: The systemic inflammatory response. Ann Thorac Surg 1997; 63:
277-84

Downing SW, Edmunds LH Jr. Release of vasoactive substances during cardiopulmonary
bypass. Ann Thor Surg. 1992; 54: 1236-43

Singal PK, Khaper N, Palace V, Kumar D. The role of oxidative stress in genesis of heart
disease 1998; 40: 426-432

Roth E, Hejjel L. Oxygen free radicals in heart disease. In: Cardiac Drug Development
Guide. Ed. M. K. Pugsley. Humana Press Inc., Totowa NJ. 2003: p. 47-66.Cavarocchi
NC,

England MD, Schaff HV, et al. Oxygen free radical generation during cardiopulmonary
bypass: correlation with complement activation. Circulation 1986; 74: 103-133

Clermont G, Vregely C, Jazayeri S, et al. Systemic free radical activation is a major event
involved in myocardial oxidative stress related to cardiopulmonary bypass.
Anesthesiology 2002; 96: 80-87

Ulus AT, Aksoyek A, Ozkan M, et al. Cardiopulmonary bypass as a cause of free radical-
induced oxidative stress and enchanced blood-borne isopostanes in humans Free Rad
Biol Med 2003; 34: 911-917

Schachter M, Foulds S. Free radicals and xantine oxidase pathway. In: Ischaemia-
reperfusion injury (Ed. Grace PA, Mathie RT). Blackwell Science Ltd. Cambride. 1999;
137-47

Virag L, Szabd Cs. The Therapeutic Potential of Poly(ADP-Ribose) Polymerase
Inhibitors. Pharmacol Rev 2002; 54:375-429

84



43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Yoon S, Yun CH, Chung AS. Dose effect of oxidative stress on signal transduction in
aging. Mech Age Develop 2002; 123: 1597-1604

Camp PC, Mentzer RM. Surgical treatment of coronary artery disease In: Sabiston
Textbook of surgery p1852 (Ed. Townsend CM) Elsevier Saunders; 2004

van Dijk D, Nierich AP, Jansen EW, Nathoe HM, Suyker W, Dieohuis JC. Early
outcome after off-pump versus on-pump coronary artery bypass surgery: results from a
randomized study. Circulation;104: 1761-1766

Ng CS, Wan S, Yim AP, Arifi AA. Pulmonary dysfunction after cardiac surgery. Chest
2002; 121: 1269-1277

Rosengart TK, Bois W, Francalancia NA. Adult heart disease In: Surgery p1338 (Ed.
Norton JA). 2000;

Borgermann J, Friedrich I. Systemic inflammatory response after cardiac surgery: Is
extracorporal circulation the main culprit? In: Beating heart bypass surgery and minimal
invasive conduit harvesting (Ed. Gulielmos V) Springe-Verlag; 2004

Laursen H, Waaben J, Gefke K, et al. Brain histology, blood-brain barrier and brain water
after normothermic and hypothermic cardiopulmonary bypass in pigs Eur J Cardiothorac
Surg 1989; 3: 539-543

Lentsch AB, Jordan JA, Czernak BJ, et al. Inhibition of NF-kappa B activation and
augmentation of IkappaBeta by secretory leukocyte protease inhibitor during lung
inflammation. AM J Pathol 1999; 154: 239-247

Gott JP, Cooper WA, Schmidt FE, Brown WM, Wright CE, Merlino JD, Fortenberry JD,
Clark WS, Guyton RA. Modifying risk for extracorporeal circulation: trial of four anti-
inflammatory strategies. Ann Thorac Surg 1998; 66: 747-753

Schindler R, Berndt S, Schroeder P, Oster O, Rave G, Sievers HH. Plasma vitamin E and
A changes during cardiopulmonary bypass and in the postoperative course. Langenbecks
Arch Surg. 2003; 387: 372-8..

Loick HM, Mollhoff T, Berendes E, et al. Influence of enoximone on systemic and
splanchic oxygen utilization and endotoxin release following cardiopulmonary bypass.
Intensive Care Med 1997; 23: 267-275

Fitch JC, Rollins S, Matis L, et al. Pharmacology and biological efficacy of recombinant,
humanized, single chain antibody C5 complement inhibitor in patients undergoing
coronary artery bypass graft surgery with cardiopulmonary bypass. Circulation 1999;
100: 2499-2506

Massoudy P, Zahler S, Barankay A, et al. Sodium nitroprusside during coronary artery
bypass grafting : evidence for antiinflammatory action. Ann Thorac Surg. 1999; 67:
1059-1064

Gu YJ, van overen W, Akkerman C, et al. Heparin-coated circuits reduce the
inflammatory response to cardiopulmonar bypass. Ann Thorac Surg 1993; 55: 917-922
Wan S, LeClerk JL, Antoine M, et al. Heparin-coated circuits reduce myocardial injury in
herat or heart-Ing transplantation: a prospective randomized trials Ann Thorac Surg 1999;
68: 1230-1235

Grunefelder J, Zund G, Schoeberlein A, et al. Modified ultrafiltration lower adhesion
molecules and cytokine levels after cardiopulmonary bypass without clinical relevance in
adults. Eur J Cardiothorac Surg 2000; 17: 77-83.

Orime Y, Shiono M, Hata H, et al. Cytokine and endothelial damage in pulsatile and
nonpulsatile cardiopulmonary bypass. Artif Organs 1999; 23: 508-512.

Nilsson L, Tyden H, Johansson O, et al. Bubble and membrane oxygenators--comparison
of postoperative organ dysfunction with special reference to inflammatory activity.
Scand J Thorac Cardiovasc Surg. 1990;24(1):59-64.

85



61

62

63

64

65

66

67
68
69

70

71

72

73

74

75

76

77

78

79

80

Murry CE, Jenning RB, Reimer KA. Preconditioning with ischemia: a delay of lethal cell
injury in ischemic myocardium. Circulation 1986; 74: 1124-1136

Yellon DM, Alkhulaifi AM, Pugsley WB. Preconditioning the human myocardium.
Lancet 1993;342: 276-277

Liu X, Engelman RM, Moraru H, et al. Heat shock: a new approach for myocardial
preservation in cardiac surgery. Circulation. 1992; 86: 358-363

Zhao Z-Q, Corvera JS, Halkos ME, et al. Inhibition of myocardial injury by ischemic
postconditioning during reperfusion: comparison with ischemic preconditioning. Am J
Physiol 2003; 285: 579-588

Gulielmos V, Menschikowski M, Dill HM, eta 1. Interleukin-1, interleukin-6 and
myocardial enzyme response after coronary artery bypass grafting — a prospective
randomized comparison of the conventional and three minimal invasive surgical
techniques. Eur J Cardiothorac Surg 2000; 18: 594-601

Kappert U, Schneider J, Tugtekin SM. Off-pump totally endoscopic coronary artery
bypass surgery. In: Beating heart bypass surgery and minimal invasive conduit harvesting
(Ed. Gulielmos V) Springe-Verlag; 2004 Shade I, Léwe B. Gulielmos V Beating heart
bypass surgery and minimal invasive conduit harvesting

Buffolo E. Direct Coronary Artery Surgery. http://www.ctsnet.org

Dullum MK Sergeant PT. OPCAB Survey. http://www.ctsnet.org
Donias HW, D'Ancona G , Karamanoukian RL, et al. OPCAB THERAPY SURVEY Off
Pump Clopidogrel Aspirin or Both Therapy Survey, Second Congresss ofCardiology and
Angiology of Bosnia Hercegovina

http://www.maszit .hu

Péterffy A., Tomcsanyi L: A magyar szivsebészet teljesitménye az ezredfordulén.
Cardiol. Hung. 2001, 31/3: 185-188

Czerny M, Baumer H, Kilo J, et al. Inflammatory response and myocardial injury
following coronary artery bypass grafting with or without cardiopulmonary bypass. Eur J
Cardiothorac Surg 2000; 17: 737-742

Chassot PG, van der Linden P, Zaugg M, et al. Off-pump coronary artery bypass surgery:
physiology and anaesthetic management Br J Anaest 2004; 92: 400-413
Naage DL. Off-pump coronary artery bypass grafting: the myth, the logic and the
science. Eur J Cardiothorac Surg 2003; 24: 557-570
Vural KM, Tasdemir O, Karagoz H, et al. Comparison of the early results of coronary
artery bypass grafting with and without extracorporeal circulation. Thorac Cardiovasc
Surg 1995; 43: 320-5.

van Dijk D, Nierich AP, Eefting FD, et al. The Octopus Study: rationale and design of
two randomized trials on medical effectiveness, safety, and cost-effectiveness of bypass
surgery on the beating heart. Control Clin Trials. 2000; 21 :595-609

Straka Z, Widimsky P, Jirasek K, et al. Off-pump versus on-pump coronary surgery: final
results from a prospective randomized study PRAGUE-4. Ann Thorac Surg. 2004; 77:
789-93

Lancey RA, Soller BR, Vander Salm TJ. Off-pump versus on-pump coronary artery
bypass surgery: a case-matched comparison of clinical outcomes and costs. Heart Surgery
Forum 2000; 3: 277-281
Nathoe HM, van Dijk D, Jansen EWL, et al. A comparison of on-pump and off-pump
coronary bypass surgery in low risk patients. 2003; 348: 394-402

Friedrich I, Borgermann J. What do we know about OPCAB surgery surgery In: Beating
heart bypass surgery and minimal invasive conduit harvesting (Ed. Gulielmos V)
Springe-Verlag; 2004 Shade I, Lowe B. Gulielmos V Beating heart bypass surgery and
minimal invasive conduit harvesting

86


http://www.ctsnet.or
http://www.ctsnet.org
http://www.maszit

81

82

83

84

85

86

87

38

89

90

91

92

93

94

95

96

97

98

Ngaage DL. Off-pump coronary artery bypass grafting: simple concepts but potential
sublime scientific value. Med Sci Monit 2004; 10:47-54

Cimen S, Ozkul V, Ketenci B, et al. Daily comparison of respiratory functions between
on-pump and off-pump patients undergoing CABG. Eur J Cardiothorac Surg.
2003;23:589-94

Montes FR, Maldonado JD, Paez S, Ariza F. Off-pump versus on-pump coronary artery
bypass surgery and postoperative pulmonary dysfunction. J Cardiothorac Vasc Anesth.
2004 ; 18: 698-703

Alwan K, Falcoz PE, Alwan J, et al. Beating versus arrested heart coronary
revascularization: evaluation by cardiac troponin I release. Ann Thorac Surg.
2004;77:2051-5

Selvanayagam JB, Petersen SE, Francis JM, et al. Effects of off-pump versus on-pump
coronary surgery on reversible and irreversible myocardial injury: a randomized trial
using cardiovascular magnetic resonance imaging and biochemical markers. Circulation
2004;27:345-350

Sellke FW, DiMaio JM, Capla LR et al. Comparing On-Pump and Off-Pump Coronary
Artery Bypass Grafting. Circulation. 2005; 111: 2858-2864

Ascione R, Lloyd CT, Underwood MJ, et al. On-pump versus off-pump coronary
revascularisation : evaluation of renal function. Ann Thorac Surg 1999; 68: 493-498
Acione R, Nason G, Al-Ruzzeh S, et al. Coronary revascularisation with or without
cardiopulmonary bypass in patients with preoperative nondialysis dependent renal
insufficiency. Ann Thorac Surg 2001; 72: 2020-2025
Van Dijk D, Nierich AP, Jansen E, et al. Early Outcome After Off-Pump Versus On
Pump Coronary Bypass Surgery Results From a Randomized Study Circulation. 2001;
104: 1761-1766

Omerroglu SN, Kirali K, Giiler M, et al. Midterm angiographic assessment of coronary
artery bypass grfting withoutcardiopulmonary bypass. Ann Thorac Surg 2000; 70: 844-
850

Schwartz JD, Shamamian P, Schwartz DS, et al. Cardiopulmonary bypass primes
polymorphonuclear leukocytes. J Surg Res 1998; 65: 439-43

Buffalo de Andrade JCS, Branco JNR, Teles CA, Anguiar LF, Gomes WJ. Coronary
artery bypass grafting without cardiopulmonary bypass. Ann Thorac Surg 1996; 61: 63-
66

Markewitz A, Lante W, Franke A, Marohl K, Kuhlmann WD, Weinhold C.. Alterations
of cell-mediated immunity following cardiac operations: clinical implications and open
questions. Shock. 2001; 16: 10-5

Wan S, DeSmet JM, Barvais L, Goldstein M, Vincent JL, LeClerc JL. Myocardium is a
major source of proinflammatory cytokines in patients undergoing cardiopulmonary
bypass. J Thorac Cardiovasc Surg 1996; 112: 806-11

Tarnok A, Hambsch J, Chen R, Varro R. Cytometric bead array to measure six cytokines
in twenty-five microliters of serum. Clin Chem. 2003; 49: 1000-2

Waage A, Redl H, Schlag G, et al. The cytokine network in sepsis II: IL-1 and IL-6. In:
Patophisiology of Shock, sepsis and organ failure p491-501

Schirmer WJ, Schimer JM, FryDE. Recombinant human tumor necrosis factor produces
haemodinamic chnges characteristic of sepsis and endotoxxemia Arch Surg 1989;
124:445-448

Riesenberg K, Levy R, Katz A, et al. Neutrophil superoxide release and interleukin-8 in
acute myocardial infarction: distinction between complicated and uncomplicated states.
Eur J Clin Inves 1997;27:398-404

87



99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Sablotzki A, Mann V, Simm A, et al. Changes in the cytokine network through escalating
SIRS after heart surgery. Anasthesiol Intensivmed Notfallmed Schmerzther. 2001
:36:552

Silvestre JS, Mallat Z, Tamarat R, et al. Regulation of matrix metalloproteinase activity
in ischemic tissue by interleukin-10 Circ Res 2001;89:259-264

Selzman CH, MclIntyre JrRC, Shames BD, et al. Interleukin-10 inhibits human smooth
muscle proliferation J Mol Cell Cardiol 1998;30:889-896
Biglioli P, Cannata A, Alamanni F, et al. Biological effects of off-pump vs. on-pump
coronary artery surgery: focus on inflammation, hemostasis and oxidative stress.. Eur J
Cardiothorac Surg 2003; 24: 260-9

Sablotzki A, Dehne M, Welters I, et al. Alterations of the cytokine network in patients
undergoing cardiopulmonary bypass. Perfusion 1997; 12: 393-403
Diegeler A, Doll N, Rauch T, et al Humoral immune response during coronary artery
bypass grafting: A comparison of limited approach, "off-pump" technique, and
conventional cardiopulmonary bypass Circulation 2000; 102: 95-100
Hovers-Giirich HH, Schumacher K, Vazquez Jimenez JF, et al. Cytokine balance in
infants undergoing cardiac operation. Ann Thorac Surg 2002; 73: 601-9

Yilmaz M, Ener S, Akalin H, Sagdic K, Serdar OA, Cengiz M. Effect of low-dose methyl
prednisolone on serum cytokine levels following extracorporeal circulation. Perfusion
1999; 14: 201-6.

Schurr UP, Zund G, Hoerstrup SP, et al. Preoperative administration of steroids:
influence on adhesion molecules and cytokines after cardiopulmonary bypass. Ann
Thorac Surg 2001; 72: 1316-20
Kukreja RC. NF«B activation during ischemia/ reperfusion in heart: friend or foe? J Moll
Cell Cadiol 2002; 34: 1301-4
Meldrum DR, Partrick DA, Cleveland JC, et al. On-pump coronary artery bypass surgery
activates human myocardial NF-kappaB and increases TNF-alpha in the heart. J Surg Res
2003; 112: 175-9
Karube N, Adachi R, Ichikawa Y, Kosuge T, Yamazaki I, Soma T. Measurement of
cytokine levels by coronary sinus blood sampling during cardiac surgery with
cardiopulmonary bypass. ASIAIO J 1996; 42: 787-91

Sharma M, Ganguly NK, Chaturvedi G, Thingnam SK, Majumdar S, Suri RK. Release of
pro-inflammatory mediators during myocardial ischemia/reperfusion in coronary artery
bypass graft surgery. Mol Cell Biochem. 2003 May;247(1-2):23-30
Neumann FJ, Ott [, Gawaz M, et al. Cardiac release of cytokines and inflammatory
response in acute myocardial infarction. Circulation 1995; 92: 748-55.

Gilliland HE, Armstrong MA, Carabine U, McMurray TJ. The choice of anesthetic
maintenance technique influences the antiinflammatory cytokine response to abdominal
surgery. Anesth Analg. 1997; 85: 1394-8

Schneemilch CE, Bank U. Release of pro- and anti-inflammatory cytokines during
different anesthesia procedures. Anaesthesiol Reanim. 2001; 26 :4-10

Olthof CG, Jansen PG, De Vries JP, Kouw PM, Eijsman L, de Lange JJ, de Vries PM:
Interstitial fluid volume during cardiac surgery measured by means of a non-invasive
conductivity technique. Acta Anaesthesiol Scand 1995;39:508-512

Hamann J, Eichler W, Hamann D, Kerstens HM, Poddighe PJ, Hoovers JM, Hartmann
E, Strauss M, van Lier RA: Expression cloning and chromosomal mapping of the
leukocyte activation antigen CD97, a new seven-span transmembrane molecule of the
secretion receptor superfamily with an unusual extracellular domain. J Immunol.
1995;155:1942-1950.

88



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

Stacey M, Lin HH, Hilyard KL, Gordon S, McKnight AJ: Human epidermal growth
factor (EGF) module-containing mucin-like hormone receptor 3 is a new member of the
EGF-TM?7 family that recognizes a ligand on human macrophages and activated
neutrophils. J Biol Chem. 2001;276:18863-18870.

Diegeler A, Tarnok A, Rauch T, Haberer D, Falk V, Battellini R, Autschbach R,
Hambsch J, Schneider P, Mohr FW: Changes of leukocyte subsets in coronary artery
bypass surgery: cardiopulmonary bypass versus 'off-pump' techniques. Thorac
Cardiovasc Surg. 1998;46:327-332

Habermehl P, Knuf M, Kampmann C, Mannhardt W, Schranz D, Kuroczynski W,
Wippermann CF, Zepp F: Changes in lymphocyte subsets after cardiac surgery in
children. Eur J Pediatr. 2003;162:15-21.

Chu SH, Hu RH, Lee YC, Chen KT: Changes of white blood cells, immunosuppressive
acidic protein, and interleukin-2 receptor after open heart surgery. Thorac Cardiovasc
Surg. 1995;43:94-98.

Marzio R, Mauel J, Betz-Corradin S: CD69 and regulation of the immune function.
Immunopharmacol Immunotoxicol. 1999;21:565-582.

Shimaoka M, Hosotsubo K, Sugimoto M, Sakaue G, Taenaka N, Yoshiya I, Kiyono H:
The influence of surgical stress on T cells: enhancement of early phase lymphocyte
activation. Anesth Analg. 1998 Dec;87(6):1431-1435

McBride WT, Armstrong MA, Crockard AD, McMurray TJ, Rea JM: Cytokine balance
and immunosuppressive changes at cardiac surgery: contrasting response between
patients and isolated CPB circuit . Br J Anaesth 1995; 75:724-733.

Takala AJ, Jousela IT, Takkunen OS, Jansson SE, Kyosola KT, Olkkola KT, Leirisalo-
Repo M, Repo H: Time course of beta 2-integrin CD11b/CD18 (Mac-1, alpha M beta 2)
upregulation on neutrophils and monocytes after coronary artery bypass grafting. CD11b
upregulation after CABG surgery.. Scand J Thorac Cardiovasc Surg. 1996;30:141-148.
Williams HJ, Rebuck N, Elliott MJ, Finn A: Changes in leucocyte counts and soluble
intercellular adhesion molecule-1 and E-selectin during cardiopulmonary bypass in
children. Perfusion. 1998;13:322-327

Tabuchi N, Shibamiya A, Koyama T, Fukuda T, Oeveren Wv W, Sunamori M:
Activated leukocytes adsorbed on the surface of an extracorporeal circuit. Artif Organs.
2003;27:591-594
Rinder CS, Rinder HM, Johnson KJ, Smith M, Lee DL, Tracey J, Polack G, P Higgins,
Yeh CG, Smith BR: Role of C3 Cleavage in Monocyte Activation During Extracorporeal
Circulation. Circulation 1999 ;100:553-8
Bennink RJ, Hamann J, de Bruin K, ten Kate FJ, van Deventer SJ, te Velde AA:
Dedicated pinhole SPECT of intestinal neutrophil recruitment in a mouse model of
dextran sulfate sodium-induced colitis. J Nucl Med. 2005; 46: 526-31
Leemans JC, te Velde AA, Florquin S, Bennink RJ, de Bruin K, van Lier RA, van der
Poll T, Hamann J: The epidermal growth factor-seven transmembrane (EGF-TM?7)
receptor CD97 is required for neutrophil migration and host defense. J Immunol. 2004;
172: 1125-31
Gessler P, Pfenninger J, Pfammatter JP, Carrel T, Dahinden C: Inflammatory response of
neutrophil granulocytes and monocytes after cardiopulmonary bypass in pediatric cardiac
surgery. Intensive Care Med. 2002;28:1786-1791.

Tarnok A, Bocsi J, Rossler H, Schlykow V, Schneider P, Hambsch J: Low degree of
activation of circulating neutrophils determined by flow cytometry during cardiac surgery
with cardiopulmonary bypass. Cytometry. 2001;46:41-49.

89



132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

Al Ruzzeh S, Hoare G, Marczin N:Off-pump coronary artery bypass surgery is associated
with reduced neutrophil activation as measured by expression of CD11b: a prospective
randomized study. Heart Surg Forum 2003; 6: 89-93

Ferrari R, Ottavio A, Curello S, et al. Occurrence of oxidative stress during reperfusion of
the human heart. Circulation 1990; 81: 201-211

LuytenCR, Overveld F, DeBacker LA, et al. Antioxidant defence during
cardiopulmonary bypass surgery. Eur J Cardiothorac Surg 2005; 27: 611-616

Dhalla NS, Elmoselhi AB, Hata T, Makino N. Status of myocardial antioxidants in
ischemia-reperfusion injury. Cardiovasc Res 2000;47: 44656

Warlier DC, Laffey JG, Boylan JF, et al. The systemic inflammatory response to cardiac
surgery:implication for anesthesiologist. Anaesthesiology 2002;97:215-252

Gerritsen WBM, van Boven WIP, Driessen AHG, et al.Off-pump versus on-pump
coronary artery bypass grafting: oxidative stress and renal function. Eur J Cardiothorac
Surg 2001; 20: 923-9.

Kedziora-Kornatowska K, Bartosz M, Mussur M, et al. The total antioxidant capacity of
blood plasma during cardiovascular bypass surgery in patients with coronary heart
disease. Cell Mol Biol Lett 2003; 8: 973-977

Dandona P, Karne R, Ghanim H. Carvedilol inhibits reactive oxygen species generation
by leukocytes and oxidative damage to amino acids Circulation 2000; 101: 122-124
Telek G, Scoazec JY, Chariot J, eta 1. Cerium-based histochemical demonstration of
oxidative stress in taurocholate-induced pancreatitis in rats: A Confocal Laser Scanning
Microscopic Study. J Hystochem Cytochem 1999; 47: 1201-1212

Garlick PB, Davies MJ, Hearse DJ, Salter TF. Direct detection of free radicals in the
reperfused rat heart using electron spin resonance spectroscopy. Circ Res 1987;61:757-
760

Dandona P, Karne R, Ghanim H. Carvedilol inhibits reactive oxygen species generation
by leukocytes and oxidative damage to amino acids Circulation 2000; 101: 122-124
Kuzuya T, Fuji H, Hoshida S, et al. Polymorphonuclear leukocytes-induced injury in
hypoxic cardiac myocytes Free Rad Biol Med 1994;17:501-510

Prasad K, Kalra J, Bharadwaj B, et la. Increased oxygen free radical activity in patients
on cardiopulmonary bypass undergoing aortocoronary bypass surgery. Am Heart J.
1992;123:37-45

Giordano G, Formica M, Cavalli G, et al. Activation of neutrophil oxidative metabolism
during cardiopulmonary bypass with membrane oxygenators. ASAIO Trans.
1989;35:368-9

Tortolani JA, Powell RS, Misik V, et al. Detection of alkoxyl and carbon-centered free
radicals in coronary sinus blood from patients undergoing elective cardioplegia Free Rad
Biol Med 1993;14:421-426

Byrne AT, Johnson AH. Lipid peroxidation In: Ischaemia-Reperfusion Injury. (Ed.Grace
PA, Mathie RT) Blackwell Science Ltd. Cambride. 1999; 148-57

Cohen AS, Hadjinikolaou L, McColl A, et al. Lipid peroxidation, antioxidant status and
troponin —T following cardiopulmonary bypass. A comparison between intermittent
crossclamp with fibrillation and cristalloid cardioplegia Eur J Cardiothorac Surg 1997,
12: 248-253

Davies SW, Underwood SM, Wickens DG, et al. Systemic pattern of free radical
generation during coronary bypass surgery. Br Heart J 1990; 64: 236-406

Jacson MJ, Bushel A. Antioxidants In: Ischaemia-Reperfusion Injury. (Ed.Grace PA,
Mathie RT) Blackwell Science Ltd. Cambride. 1999; 322-327

Das DK, Maulik N. Antioxidant effectiveness in ischaemia-reperfusion tissue injury
Methods Enzymol 1994;233: 601-610

90



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

Sies H. Oxidative stress: Introduction . In: Sies H (ed.). Oxidative stress, Oxidants and
antioxidants. London: London Academic Press 1991

Ochoa JJ, Vilchez MJ, Ibanez S, et al. Oxidative stress is evident in erythrocytes as well
as plasma in patients undergoing heart surgery involving cardiopulmonary bypass. Free
Radic Res. 2003; 37 :11-7

Pechan I, Olejarova I, Danova K, et al. Antioxidant status of patients after on-pump and
off-pump coronary artery bypass grafting. Bratisl Lek Listy. 2004;105(2):45-50
Kuzuya T, Hoshida S, Yamashita N, et al. Delayed effects of sublethal ischemia on the
acquisition of tolerance to ischemia. Circ Res. 1993;72:1293-9.

Veres B, Radnai B, Gallyas F, Jr., Varbiro G, Berente Z, Osz E and Sumegi B (2004)
Regulation of Kinase cascades and transcription factors by a poly(ADP-ribose)
polymerase-1 inhibitor, 4 hydroxyquinazoline, in LLP-induced inflammation in mice. J
Pharmacol Exp Ther 310:247-255.

Palfi A, Toth A, Kulcsar Gy, et al. The role of Akt and MAP kinase systems in the
protective effect of PARP inhibition in Langendorff perfused and in isoproterenol
damaged rat hearts J Pharm Exp Ther 2005; 315:273-82.

Pieper AA, Walles T, Wei G, Clements EE, Verma A, Snyder SH, and Zweier JL (2000)
Myocardial postischemic injury is reduced by polyADPripose polymerase-1 gene
disruption. Mol Med 6:271-282.

Zingarelli B, O’Connor M, Wong H, Salzman AL, and Szabo C (1996a)
Peroxynitritemediated DNA strand breakage activates poly-adenosine diphosphate
ribosyl synthetase and causes cellular energy depletion in macrophages stimulated with
bacterial lipopolysaccharide. J Immunol 156:350-358.

Szabd G, Bahle S, Stumpf N, et al. Poly(ADP-ribose) polymerase Inhibition reduces
reperfusion injury after heart transplantation. Circ Res. 2002;90: 100-106

Szabd G, Sods P, Bahle S, Role of poly(ADP-ribose) polymerase activation i the
pathogenesis of cardiopulmonary dysfunction in canine model of cardiopulmonary
bypass. Eur J Cardiothorac Surg 2004; 25: 825-832

Murthy KK, Xiao CY,. Mabley JG, et al. Activation of poly(ADP-Ribose) polymerase in
circulating leucocytes during myocardial infarction. SHOCK 2004; 21: 230-234,
Hageman GJ, Larik I, Pennings HJ, et al. Systemic poly(ADP-ribose) polymerase-1
activation , chronic inflammation, and oxidative stress in COPD patients. Free rad Mol
Med 2003; 35: 140-148

Ogata S, Okumura K, Taguchi H: A simple and rapid method for the detection of
poly(ADP-ribose) by flow cytometry. Biosci Biotechnol Biochem 2000; 64: 510-515,.
Bowes J, McDonald MC, Piper J, Thiermann C. Inhibitors of poly(ADP-ribose)
synthetase protects rat cardiomyocyte against oxidative stress. Cardiovasc Res 1999; 41:
126-134

Szabd G, Soés P, Bahle S, Role of poly(ADP-ribose) polymerase activation i the
pathogenesis of cardiopulmonary dysfunction in canine model of cardiopulmonary
bypass. Eur J Cardiothorac Surg 2004; 25: 825-832

Szabo G, Sods P, Bahle S, Role of poly(ADP-ribose) polymerase activation i the
pathogenesis of cardiopulmonary dysfunction in canine model of cardiopulmonary
bypass. Eur J Cardiothorac Surg 2004; 25: 825-832

Szabd G, Sods P, Mandera S, et al INO-1001 a novel poly(ADP-ribose) polymerase
(PARP) inhibitor improves cardiac and pulmonary function after crystalloid cardioplegia
and extracorporal circulation. Shock. 2004; 21: 426-32.

Andrasi TB, Blazovics A, Szabo G, et al. Poly(ADP-ribose) polymerase inhibitor PJ-34
reduces mesenteric vascular injury induced by experimental cardiopulmonary bypass
with cardiac arrest. Am J Physiol Heart Circ Physiol. 2005; 288: H2972-8.

91



170

171

172

173

174

175

176

177

178

179

180

181

182

McDonald MC, Mota-Filipe H, Wright JA, et al. Effects of 5-aminoisoquinolinone, a
water-soluble, potent inhibitor of the activity of poly (ADP-ribose) polymerase on the
organ injury and dysfunction caused by haemorrhagic shock. Br J Pharmacol. 2000; 130:
843-50

Szabd G, Sods P, Mandera S, et al. Mesenteric injury after cardiopulmonary bypass: Role
of poly(adenosine 5' diphosphate-ribose) polymerase. Crit Care Med 2004; 32: 2392-
2397

Murthy KG, Xiao CY, Mabley JG, Chen M, Szabo C. Activation of poly(ADP-ribose)
polymerase in circulating leukocytes during myocardial infarction. Shock. 2004; 21: 230-
4

Marini M, Frabetti F, Brunelli MA, and Raggi MA. Inhibition of poly(ADPribose)
polymerization preserves the glutathione pool and reverses cytotoxicity in hydrogen
peroxide-treated lymphocytes. Biochem Pharmacol 1993; 46:2139-2144.

Szabd Cs, Dawson V. Role of poly(ADP-ribose) synthetase in inflammation and
ischemia-reperfusion. TIPS 1998;19: 287-298

Jagtap P, Soriano FG, Virag L, et al. Novel phenanthridinone inhibitors of poly-(ADP-
ribose) synthetase: potent cytoprotective and anti-shock agents. Crit Care Med 2002; 30:
1071-1082

Wendel HP, Heller W, Michael J, et al. Lower cardiac troponin T levels in patients
undergoing cardiopulmonary bypass and receiveing high —doze aprotinin therapy indicate
reduction postoperative myocardial damage. J Thorac Cardiovasc Surg 1995; 109: 1164-
1172

Mangano DT, Tudor IC, Dietzel C. The risk associated with aprotinin in cardiac surgery.
N Engl J Med. 2006; 354: 353-65.

van der Heijden GJ, Nathoe HM. Meta-analysis on the effect of off-pump coronary
bypass surgery. Eur J Cardiothorac Surg. 2004 Jul;26(1):81-4

Bouchard D, Cartier R,. Off-pump revascularisation of multivessel coronary artery
disease has a decreased myocardial infarction rate. Eur J Cardiothorac Surg 1998; 14:
S20-S24

Kim KB, Lim C, Lee C, et al. Off-pump coronary artery bypass may decrease the patency
of saphenous vein graft. Ann Thorac Surg 2001; 72: 1033-1037

Morariu AM, Loef BG, Aarts LP, Rietman GW, Rakhorst G, van Oeveren W, Epema
AH.. Dexamethasone: benefit and prejudice for patients undergoing on-pump coronary
artery bypass grafting: a study on myocardial, pulmonary, renal, intestinal, and hepatic
injury. Chest. 2005; 128: 2677-87

Toft P, Tonnesen E, Zulow I, Nielsen CH, Hokland M. Expression of adhesion and
activation molecules on lymphocytes during open-heart surgery with cardiopulmonary
bypass. Scand Cardiovasc J. 1997;31(2):91-5

92



11. LIST OF PUBLICATIONS

Manuscripts related to thesis

1. Gasz B., Benkd L., Jancs6 G., Lantos J., Szant6 Z., Alotti N., R6éth E.: Gyulladasos
valaszreakciok monitorozasa extracorporalis keringésben, illetve anélkiil végzett
koronaria revascularizaciot kovetden.

Cardiologia Hungarica 2004; 34: 102-108.

2. Gasz B., Benkd L., Jancs6 G., Lantos J., Szant Z., Alotti N., R6th E.: Comparison of
inflammatory response following coronary revascularisation with or without
cardiopulmoanary bypass.

Exp. Clin. Cardiol. 2004; 9: 26-30.

3. Gasz B, Lenard L, Benko L, Borsiczky B, Szanto Z,Lantos J, Szabados S, Alotti N, Papp
L, Roth E.: Expression of CD97 and adhesion molecules on circulating leukocytes in
patients undergoing coronary artery bypass surgery.

Eur Surg Res. 2005; 37: 281-9. 1F:0,75

4. B. Gasz, L. Lenard , B. Racz, L. Benko , B Borsiczky , B. Cserepes , J Gal , G. Jancso,
J. Lantos, S. Ghosh, S. Szabados, L. Papp, N. Alotti, E. Roth.: Effect of
cardiopulmonary bypass on cytokine network and myocardial cytokine-production.

Clin Card 2006; 29: 311-316 1F:1,069

Manuscripts not related to thesis

1. Gasz B, Racz B, Roth E, Borsiczky B, Ferencz A, Tamas A, Cserepes B, Lubics A,
Gallyas F Jr, Toth G, Lengvari I, Reglodi D.: Pituitary adenylate cyclase activating
polypeptide protects cardiomyocytes against oxidative stress-induced apoptosis.
Peptides. 2006 Jan; 27: 87-94 IF: 2,511

2. Gasz B, Racz B, R6th E, Borsiczky B, Tamas A, Boronkai A, T6th G, Lengvari I,
Reglédi D. PACAP inhibits oxidative stress-induced activation of MAP kinase
dependent apoptotic pathwy in cultured cardiomyocytes.

Ann NY Acad Sci 2006 (in press) IF.: 1,789

93



3. Szant6 Z., Benkd L., Gasz B., Ferencz A., Horvath O. P., Molnar F. T., R6th E..:
Politetrafluroetilén alkalmazasa hossza szakaszu 1€gcsépotlasban.

Magyar Sebészet 2003: 56; 68-72

4. Jancs6 G., Gasz B., Lantos J., Cserepes B., R6th E.: Az aszpirin szerepe a myocardium
endogén adaptacidjaban: barat vagy ellenség?
Cardiologia Hungarica 2003; 33: 232-239.

5. Jancs6 G., Jaberansari M. T., Gasz B., Szanté Z., Cserepes B., R6th E.: Bradykinin and
angiotensin converting enzyme inhibition in cardioprotection.
Exp. Clin. Cardiol. 2004; 9: 21-25.

6. Szanto Z, Benko L, Gasz B, Jancso G, Roth E, Lorinczy D: Differential scanning
calorimetric examination of the tracheal cartilage after primary reconstruction with
continuos sutures - A preliminary study.

Thermochimica Acta 2004;417:171-174. 1F: 1,161

7. Mazlo M, Gasz B, Szigeti A, Zsombok A, Gallyas F.: Debris of "dark" (compacted)
neurones are removed from an otherwise undamaged environment mainly by
astrocytes via blood vessels.

J Neurocytol. 2004; 33: 557-67. IF: 1,669

8. Jancsé G, Cserepes B, Gasz B, Benk6 L, Ferencz A, Borsiczky B, Lantos J, Dureja A,
Kiss K, Szeberényi J, R6th E.: Effect of Acetylsalicylic Acid on Nuclear Factor-
kappaB Activation and on Late Preconditioning Against Infarction in the
Myocardium.

J. Cardiovasc. Pharmacol. 2005; 46: 295-301. IF: 1,576

9. Benko L, Danis J, Shamiyeh A, Czompo M, Gasz B, Ferencz A, Jancso G, Roth E.:
Laparoscopic devascularization of the stomach and the abdominal esophgaus with
ligasure system in a porcine model.

Magy Seb. 2006; 59: 45-9

10. Borsiczky B, Fodor B, Racz B, Gasz B, Jeges S, Jancso G, Roth E.: Rapid leukocyte
activation following intraarticular bleeding.
J Orthop Res. 2006; 24: 684-9 IF: 2,72

11. Ferencz A, Racz B, Gasz B, Benko L, Jancso G, Kurthy M, Roth E.: Intestinal ischemic
preconditioning in rats and NF-kappaB activation.

Microsurgery. 2006; 26: 54-7 IF: 0,812
12. Racz B, Tamas A, Kiss P, Toth G, Gasz B, Borsiczky B, Ferencz A, Gallyas F Jr, R6th E,

Reglédi. Involvment of ERK and CREB signalling pathways in the protective effect of

94



PACAP on monosodium glutamate-induced retinal lesion. Ann NY Acad Sci 2006 (in
press) IF.: 1,789.

13. Racz B, Gallyas F Jr, Kiss P, Toth G, Hegyi O, Gasz B, Borsiczky B, Ferencz A, Roth E,
Taméas A, Lengvari I, Lubics A, Regl6di D. The neuroprotective effects of PACAP in
monosodium glutamate-induced retinal lesion involves inhibition of proapoptotic
signaling pathways. Regulatory Peptides 2006 (in press) IF.: 2,531.

14. Gallyas F, Gasz B, Szigeti A, Mazlo M, Pathological circumstances impair the ability of

"dark" neurons to undergo spontaneous recovery Brain Res 2006 (In press) IF: 2,389

Impact factor of publications: 20,766

Abstracts in peer reviewed journal

1. Gasz B, Benké L, Jancsé G, Lantos J, Alotti N, R6th E: Oxidativ stressz és gyulladasos
valaszreakciok mértékének vizsgalata hagyomanyos és pumpa nélkiili koronaria
mitétekben.

Cardiologia Hungarica 2003; 33 (Suppl.2.): AS55

2. Gasz B, Benkd L, Jancsé G, Lantos J, Alotti N, R6th E. Biological benefit of the off-pump
coronary surgery: Review of oxidative stress and inflammatory response parameters in
conventional and off-pump cardiac surgery.

Eur. Surg. Res. 2003; 35: 267-268
IF: 0,939

3. Gasz B., Benkd L., Jancsé G., Lantos J., Cserepes B., Alotti N., Réth E.: Comparison of
invasivity in conventional and off-pump coronary artery surgery focusing on oxidative
stress and inflammatory response parameters.

Exp. Clin. Card. 2003: 8; 39

4. Gasz B., Benk6 L., Jancsé G., Lantos J., Alotti N., Réth E.: Hagyomanyos és pumpa
nélkiil végzett koszort érmiitéteket kovetden kialakuld gyulladasos valaszreakcidk
Osszehasonlitasa.

Magyar Sebészet 2003; 56: 163.

5. Gasz B., Benkd L., Jancsé G., Lantos J., Lénard L., Szabados S., Alotti N., Papp L., R6th
E.: A fehérvérsejtek adhézids molekula expresszidjanak valtozasa extrakorporalis
keringés hatasara.

Cardiologia Hungarica 2004; 34: C67

6. Gasz B., Lénard L., Jancsé G., Lantos J., Szabados S., Alotti N., Papp L., R6th E.:
Extracorporalis keringéssel illetve off-pump technikéval végzett korondria-bypass
mitét soran kialakul6 oxidativ stressz monitorozasa.

Cardiologia Hungarica 2004; 34: D14

7. Gasz B., Jancso G., Lantos J., Racz B., Lénard L., Szabados S., Papp L., Réth E.:
Oxidative stress and PARP activation in patients undergone coronary surgery.

Shock 2005: 23(82);58.
IF: 3.122

95



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gasz B., Jancs6 G., Benk6 L., Lantos J., Ferencz A., Lénard L., Szabados S., Alotti N.,
Papp L., RSth E.: Change in cytokine balance during coronary surgery.

Shock 2005: 23(S2);68.
IF: 3.122

Gasz B., Jancsé G., Benké L., Lénard L., Szabados S., Papp L., R6th E.: Cytokine
network and myocardial production of cytokines during cardiac surgery. NATO
Advanced Research Workshop ,,Stress induced biochanges int he heart: From genes to
bedside” February 2-7, 2005, Antalya, Turkey. Congress publication

Gasz B., Racz B., Lénard L., Cserepes B., Jancso G., Szabados S., Stimegi B., Alotti N.,
Papp L., R6th E.: Poly (ADP-ribose) polymerase enzim aktivacidjanak
Osszehasonlitdsa extrakorporalis keringéssel illetve off-pump technikéaval végzett
koszortsérmutétek allatkisérletes modelljében.

Cardiologia Hungarica 2005; 35: A40.

Gasz B., Racz B., Lénard L., Cserepes B., Jancso G., Szabados S., Stimegi B., Alotti N.,
Papp L., R6th E.: Off-pump technikaval végzett koszorusérmitétek csokkentik a poly
(ADP-ribose) polymerase enzim aktivaciojat.

Magyar Sebészet 2005; 58: 283.

Lantos J., Jancso G., Gasz B., R6th E.: Leukocita aktivacio katéteres koronaria elzarasos
modellben.

Cardiologia Hungarica 2003; 33 (Suppl.2.): A88

Jancsé G, Borsiczky B, Szanté Z, Cserepes B, Gasz B, Z Karosi, S6lymos A, Kiss K,
Szeberényi J, R6th E. Nuklearis faktor-kB és aktivator protein-1 aktivéacidja a
miokardium ischaemias prekondicionéalasaban.

Cardiologia Hungarica 2003; 33 (Suppl.2.): A86

Szantd Z., Benkd L., Gasz B., Ferencz A., Molnar F. T., R6th E.,: Outcomes of different
suturing techniques in tracheal replacement.
Eur. Surg. Res. 2003; 35: 241
IF: 0,939

Lantos J, Jancsé G, Gasz B, R6th E: A closed chest model to follow up the leukocyte
function during myocardial ischemia reperfusion.
Eur. Surg. Res. 2003; 35: 290
IF: 0,939

Jancsé G, Gasz B, Cserepes B, Szant6 Z, Borsiczky B, R6th E Activation and nuclear
translocation of nuclear factor-kB and activator protein-1 in the preconditioned
myocardium.

Eur. Surg. Res. 2003; 35: 291-292
IF: 0,939

Borsiczky B, Kiss K, Jancsé G, Naumov I, R6th E: Enhanced ability to oxidative burst of
articular leukocytes during acute haemarthrosis.
Eur. Surg. Res. 2003; 35: 295-296
IF: 0,939

R6th E, Gasz B, Jancso G, Benko L, Lantos J, Alotti N: Oxidative stress and
inflammatory response in conventional and off-pump coronary artery surgery:
biological advantages of less invasivity.

Eur. J. Heart Failure 2003: 2; 179
IF: 2.134

Lantos J., Jancso G., Gasz B., Benko6 L., Borsiczky B., Roth E.: Sejtfelszini adhézids
molekulak jelentdsége a gyulladasos korfolyamatokban: kisérletes €s klinikai adatok.
Magyar Sebészet 2003; 56: 149.

96



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Szanto6 Z., Gasz B., Jancs6 G., Réth E., Horvath O. P., Molnér F. T.: Politraumatizaciéhoz
tarsulé alapjelenségek kutatdsa - A tracheasériilések rekonstrukciojanak vizsgalata
allatkisérletes modellben.

Magyar Sebészet 2003; 56: 154

Borsiczky B., Jancso G., Gasz B., Lantos J., Benk6 L., R6th E.: Végtagséliilésekhez
tarsuld alapjelenségek kutatasa — Iziileti véromleny patomechanizmusdnak vizsgalata.
Magyar Sebészet 2003; 56: 141.

Jancs6 G., Gasz B., Lantos J., Cserepes B., R6th E.: Az acetil szalicilsav hatasa a
szivizom kés6i prekondicionalasanak jelatviteli folyamataira és kardioprotektiv
szerepére. Magyar Sebészet 2003; 56: 164.

Jancsé G., Cserepes B., Gasz B., Kiss K., Szeberényi J., R6th E.: Effect of acetylsalicylic
acid on the late phase of ischaemic preconditioning in the myocardium.

Exp. Clin. Card. 2003: 8; 41.

Ferencz A., Légner A., Gasz B., Szant6 Z., R6th E.: Changes of cytoplasmic and nuclear
NF-kB activation in intestinal tissue following ischemic preconditioning in rats.

Eur. Surg. Res. 2004; 36(S1): 73.
IF: 0,903

Jancso G., Lantos J., Gasz B., Borsiczky B., Szant6 7., Benk6 L., Cerepes B., R6th E.:
Does aspirin block the activation of Nuclear Factor-KappaB in the preconditioned
myocardium?.

Eur. Surg. Res. 2004; 36(S1): 87.
IF: 0,903

Lantos J., Miihl D., Gasz B., Borsiczky B., Bogar L., R6th E.: Oxidative stress and
leukocyte activation following thrombolysis in pulmonary embolism.
Eur. Surg. Res. 2004; 36(S1): 134.

IF: 0,903

Szanté Z., Benkd L., Gasz B., Lorinczy D., Réth E., Horvath O. P.: New method to
evaluate different suture techniques on tracheal cartilage in primary airway
reconstruction.

Eur. Surg. Res. 2004; 36(S1): 139-140.
IF: 0,903

Cserepes B., Jancso G., Lantos J., Gasz B., R6th E.: Az aszpirin hatdsa a miokardium
késdi iszkémias prekondicionalasiban.
Cardiologia Hungarica 2004; 34: C60.

Miihl D., Fiiredi R., Lantos J., Gasz B., Borsiczky B., R6th E., Bogar L.: Oxidativ stressz
a subtotalis pulmonalis embolia (PE) trombolitikus kezelése soran.

Cardiologia Hungarica 2004; 34: C83.

Fiiredi R., Miihl D., Lantos J., Gasz B., R6th E., Bogar L.: Pulmonary embolism (PE),
thrombolysis and oxidative stress.

Journal der Osterrechischen Gesellschaft fiir Anaesthesiologie, Reanimation and
Intensivmedicine 2004: 54(S2); 84.

Lénard L., Gasz B., Jancs6 G., Lantos J., Szabados S., Alotti N., Papp L., R6th E.: Citokin
egyensuly valtozasa extracorporalis keringés segitségével, illetve off-pump
technikaval végzett koronaria-bypass miitétek kovetkeztében.

Cardiologia Hungarica 2004; 34: D14.

Jancso G., Cserepes B., Gasz B., Lantos J.: Acetylsalicylic acid in the cell signaling of the
late phase of the ischaemic myocardial preconditioning.
Shock 2005: 23(S2);38-39.

IF: 3.122

97



33.

34.

35.

36.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Ferencz A., Toldi J., Fehér Z., Gasz B., Jancso G., Roth E.: Detection of oxidative stress
and NF-kB activation in preconditioned and autotransplantated small bowel
Shock 2005: 23(S2);52.
IF: 3.122

R6th E., Jancso G., Gasz B., Lantos J.: Cell signaling, induction of transcription factors in
the endogenous adaptation of the myocardium against oxidative stress.
Shock 2005: 23(S2);54.
IF:3.122

Jancso6 G., Gasz B., Cserepes B., Lantos J., Dureja A., R6th E.: Effect of acetylsalicylic
acid on the delayed protection and on the activation of Nuclear Factor-KB in the
preconditioned myocardium. NATO Advanced Research Workshop ,,Stress induced
biochanges int he heart: From genes to bedside” February 2-7, 2005, Antalya, Turkey.
Congress publication.

Ferencz A., Toldi J., Fehér Z., Gasz B., Benké L., Jancsé G., R6th E.: NF-kB activation
after intestinal preconditioning. 11th Congress of the European Shock Society.
Vienna, Austria, January 27-30, 2005. Editor: Heinz Redl, Medimond 2005. p. 85-88.

. Lantos J., Miihl D., Fiiredi R., Gasz B., Borsiczky B., Bogar L., R6th E.: Pulmonalis

embolia trombolizisét kisérd oxidativ stressz és leukocita aktivacio vizsgalata.
Erbetegségek 2005; S1: 6.

Kiirthy M., Arat6 E., Jancsé G., Gasz B., Kollar L., R6th E.: A thrombocyta funkci6 és az
antioxidans statusz vizsgalata akut ver6ér elzarodast kovetden. Erbetegségek 2005;
S1: 5-6.

Jancso G., Gasz B., Cserepes B., Ferenci K., Seres L., Kékesi V., R6th E.: Sejtszintli
adaptacio vizsgalata iszkémids szivbetegek miokardiuméaban - Prekondicionalhaté-e az
iszkémids szivizom?

Cardiologia Hungarica 2005; 35: A21.

Lantos J., Miihl D., Gasz B., Borsiczky B., Fiiredi R., Bogar L., R6th E.: Leukocita
gyulladdsos markerek véltozasa pulmondlis embdlia trombolitikus kezelése soran.
Cardiologia Hungarica 2005; 35: A88.

Araté E., Kiirthy M., Gabor G., Gasz B., Sinay L., Kollar L., R6th E: Oxidative stress and
leukocyte activation after lower limb revascularization surgery. Eur. Surg. Res. 2005;
37(S1): 77
IF: 0,750

Benko L., Danis J., Shamiyeh A., Gasz B., Ferencz A., Wayand W., Roth E.: Novel
laparoscopic azygo-portal disconnection procedure with a bipolar feedback controlled
sealing system in a porcine model. Eur. Surg. Res. 2005; 37(S1): 59
IF: 0,750

Benkoé L., Danis J., Hubmann R., Gasz B., Ferencz A., R6th E.: New method in the
treatment of acut esopghagus variceal bleeding. Early results with esophagus stenting
in animal experimental model. Eur. Surg. Res. 2005; 37(S1): 82
IF: 0,750

Ferencz A, Racz B, Gasz B, Benké L, Ré6th E. Effects of brief ischemic preconditioning
protocol to NF-kB activation in bowel cells. Eur. Surg. Res. 2005; 37(S1): 104
IF: 0,750

Fodor B., Gasz B., Racz B., Benké L., R6th E., Borsiczky B.: Intra articularcytokive
overload during acute haemarthrosis. Eur. Surg. Res. 2005; 37(S1): 122
IF: 0,750

Racz B., Gasz B., Fodor B., Reglédi D., Réth E., Borsiczky B.: Osmotic stress induced
signal transduction pathways in chondrocytes during acute haemarthrosis - an in vitro

98



47.

48.

49.

50.

S1.

52.

53.

54.

55.

study. Eur. Surg. Res. 2005; 37(S1): 61
IF: 0,750

Récz B., Gasz B., Tamas A., Reglddi D., Réth E., Borsiczky B.: Activation of signal
transduction pathways in chondrocytes under hyperosmotic conditions. FEBS Journal
Abstract Book 2005: 312.

Cserepes B., Jancs6 G., Gasz B., Ferencz A., Racz B., Gaszner B, Lantos J., R6th E.:
Urocortin expression after ischaemic preconditoning in cadiac cells. J. Mol. Cell.
Cardiol. 2005; 38: 1014.

IF: 4,198

Borsiczky B., Racz B., Fodor B., Gasz B., David Sz., Benk6 L., R6th E, Intraarticularis
citokin tdltermelddés akut haemarthrosban.
Magyar Sebészet 2005; 58: 258.

Cserepes B., Jancs6 G., Gasz B., Racz B., Ferencz A., Balatonyi B., Gaszner B.1, R6th E.:
Az urocortin a szivizomzat ischaemids prekondicionélasaban.

Magyar Sebészet 2005; 58: 281.

Ferencz A, Réacz B, Benké L, R6th E. Rovid ciklusu ischémias prekondicionalds hatasa az
NF-kB aktivaciora bélsejtekben.

Magyar Sebészet 2005; 58: 282.

Lantos J., Miihl D., Fiiredi R., Gasz B., Borsiczky B., Bogar L., R6th E.: Pulmonalis
embdlia trombolizisét kisérd gyulladasos folyamatok vizsgalata.
Magyar Sebészet 2005; 58: 266.

Racz B., Gasz B., Cserepes B., Ferencz A., Fodor B., David Sz., Reglédi D., R6th E.,
Borsiczky B.: Ozmotikus stressz indukalta jelatviteli itvonalak vizsgélata
chondrocytakon.

Magyar Sebészet 2005; 58: 270-271.

Fiiredi R., Miihl D., Lantos J., Gasz B., Bogar L., R6th E.: A pulmonélis embélia
trombolitikus kezelésére adott szisztémas gyulladdsos vélasz a leukocita aktivacid
tiikkrében.

Aneszteziologia €s Intenziv Terapia 2005; 35(S2): 14.

Miihl D., Fiiredi R., Gecse K., Bogar L., Gasz B., Lantos J.: Hogyan valtozik a
thrombocyta aggregatio €s a fibrinogén szint kiilonbdz6 thrombolytikumok hatasara
pulmonalis embo6lidban?

Aneszteziologia és Intenziv Terapia 2005; 35(S2): 14-15

Cumulative impact factor: 53,673

99



12. LIST OF PRESENTATIONS

1. Gasz B., G Jancsd, M T Jaberansari, B Cserepes, K Kiss, Elizabeth R6th: Activation of
NF-xB and AP-1 in ischaemic preconditioning combined with angiotensine convertase
ensyme inhibitors. Physiological Society Spring Workshop, Receptors and Cell
Signalling in Oxidative Stress Konferencia, Budapest, 2003. 4prilis 3-5. Poszter

2. Gasz B, Benkd L, Jancso G, Lantos J, Alotti N, R6th E: Oxidativ stressz €s gyulladasos
valaszreakciok mértékének vizsgalata hagyomanyos és pumpa nélkiili koronéria
miitétekben. Magyar Kardiologus Tarsasdg 2003. évi Tudoményos Kongresszusa.
Balatonfiired, 2003. majus 14-17. El6adas

3. Gasz B, Benkd L, Jancso G, Lantos J, Alotti N, R6th E. Biological benefit of the off-pump
coronary surgery: review of oxidative stress and inflammatory response parameters in
conventional and off-pump cardiac surgery. XXXVIII Congress of the European
Society for Surgical Research (ESSR). Ghent, Belgium, May 28-31, 2003. Poszter

4. Gasz B., Benké L., Jancsé G., Lantos J., Alotti N., R6th E.: Hagyomanyos és pumpa
nélkiil végzett koszoru érmiitéteket kovetden kialakuld gyulladésos vélaszreakciok
Osszehasonlitasa. Magyar Sebész Tarsasag Kisérletes Sebész Szekcid XIX.
Kongresszusa. Siofok, 2003. szeptember 11-13.

5. Gasz B., Benké L., Jancsé G., Lantos J., Cserepes B., Alotti N., R6thE.: Comparison of
invasivity in conventional and off-pump coronary artery surgery focusing on oxidative
stress and inflammatory response parameters. IV. International Symposium on
Myocardial Cytoprotection — From Basic Sciences to Clinical Perspectives. Pécs, 25-
27 September, 2003.

6. Ro6th E, Gasz B, Jancso G, Benko L, Lantos J, Alotti N: Oxidative stress and
inflammatory response in conventional and off-pump coronary artery surgery:
biological advantages of less invasivity. Heart Failure 2003. together with the Annual
Congress of the European Section of the International Society for Heart Research
2003. Strassburg, France, June 21-24, 2003. Poszter

7. Gasz B.: Koronaria-bypass miitét soran termel6dd citokin egyensily monitorozasa
extracorporalis keringéssel illetve off-pump technikéval operalt betegekben.
Fokuszban a kutatasi reagensek. A Biomedica Hungaria Kft. termékbemutatdja. Pécs,
2004. aprilis 8. Eldadas

8. Gasz B., Benké L., Jancso G., Lantos J., Lénard L., Szabados S., Alotti N., Papp L., R6th
E.: A fehérvérsejtek adhézios molekula expresszidjanak valtozasa extrakorporalis
keringés hatasara. Magyar Kardiolégus Tarsasag 2004. évi Tudoméanyos
Kongresszusa. Balatonfiired, 2004. m4jus 12-15. Eldadas

9. Gasz B., Benkd L., Jancsé G., Lantos J., Lénard L., Szabados S., Alotti N., Papp L., R6th
E.: Oxidative stress and leukocyte activation during coronary bypass surgery.
Workshop in cardiovascular physiology: Signal transduction in cardio-vascular
system, Warsaw, Poland, 13-16 May, 2004. Poszter

10. Gasz B., Benk6 L., Jancsé G., Lantos J., Lénard L., Szabados S., Alotti N., Papp L., Réth
E.: Koronéria-bypass miitét soran kialakul6 oxidativ stressz befolyéasolasa un. off-
pump technikaval. Szabadgyok-Kutatas Aktuélis Kérdései Munkaértekezlet, Budapest,
2004 majus 21. Eléadas

11. Gasz B., Schwarcz A., Pal J., Ferencz A., Berente Z., Stimegi B., Roth E.: Poly(ADP-
ribose)polymerase-1 enzyme activation in middle cerebral artery occlusion model of
cerebral ischemia in mice. 7th Congress of the International Society for Experimental
Microsurgery. Debrecen, Hungary, 1-4 September 2004. Poszter

100



12

13

14

15

16

17

18

. Gasz B., Lénard L., Lantos J., Szabados S., Alotti N., Papp L., 1 Réth E.: Extracorporalis
keringéssel illetve off-pump technikaval végzett koronaria-bypass miitét sordn
kialakul6 oxidativ stressz monitorozasa. A Magyar Szivsebészeti Tarasag XI.
Kongresszusa, Pécs, 2004. november 4-6. Poszter

. Gasz B., Jancs6 G., Lantos J., Racz B., Lénard L., Szabados S., Papp L., R6th E.:
Oxidative stress and PARP activation in patients undergone coronary surgery.
11th Congress of the European Shock Society. Vienna, Austria, January 27-30, 2005.

. Gasz B., Jancso G., Benk6 L., Lantos J., Ferencz A., Lénard L., Szabados S., Alotti N.,
Papp L., R6th E.: Change in cytokine balance during coronary surgery.
11th Congress of the European Shock Society. Vienna, Austria, January 27-30, 2005.

. Gasz B., Jancso G., Benkd L., Lénard L., Szabados S., Papp L., R6th E.: Cytokine
network and myocardial production of cytokines during cardiac surgery. NATO
Advanced Research Workshop ,,Stress induced biochanges int he heart: From genes to
bedside” February 2-7, 2005, Antalya, Turkey

. Gasz B., Racz B., Lénard L., Cserepes B., Jancso G., Szabados S., Stimegi B., Alotti N.,
Papp L., R6th E.: Poly (ADP-ribose) polymerase enzim aktivaciéjanak
Osszehasonlitasa extrakorporalis keringéssel illetve off-pump technikéval végzett
koszorasérmiitétek allatkisérletes modelljében. Magyar Kardiologus Térsasag 2005.
évi Tudoményos Kongresszusa. Balatonfiired, 2005. méjus 11-14. Eléadas

. Gasz B., Racz B., Lénard L., Cserepes B., Jancs6 G., Szabados S., Stimegi B., Alotti N.,
Papp L., R6th E.: Off-pump technikaval végzett koszorasérmiitétek csokkentik a poly
(ADP-ribose) polymerase enzim aktivaciojat. A Magyar Sebész Téarsasag Kisérletes
Sebészeti Szekeio XX. Jubileumi Kongresszusa, 2005. szeptember 8-10.,
Hajduszoboszl6. Poszter

. Gasz B., Récz B., R6th E., Borsiczky B., Ferencz A., Tamas A., Cserepes B., Lubics A.,
Gallyas F. Jr., T6th G., Lengvéri 1., Reglddi D.: Pituitary adenylate cyclase activating
polypeptide protects cardiomyocytes against oxidative stress-induced apoptosis. 7th
International Meeting on VIP, PACAP and Related Peptides. September 11-14, 2005.
Rouen, France. Poszter

101



