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Abstract

Syed Faisal Hashmi, Théniversity of ManchestevD Thesis 2016
Effects of CO2 insufflation during endoscopic vein harvesting on the structuralrasttbnal
viability of saphenous veiandothelium: The role of Calciumobilisation and nitric xide

production.

Endoscojx vein harvesting (EH) has been reported to decreasghenectomyelatedwound
complications, improwe patient satisfaction, shorteospital stayand reduceg@ostoperative pain
compared witlopen conventiorlavein harvesting (O€H) technique Criticism of this technique
centres on the risk of injury at the time of vein harvest with its potentiandstal effect on the
structuralviability and long termgraft patency.Our hypothesis wa$o investigate the effedadf
surgical manipulatiomnd carbon dioxide (COZ2) insufflation used as aniraidsualisation on
endothelial preervation and functional viability (calcium mobilisation and eNOS relaitit

oxide generationpf humansghenous vein grafHSV).

In our histological analysis by haematoxylin awkin staining, we demonstrated superiority of
closed tunneEVH (CT-EVH) techniqueover CCVH method.The expression of CD31, eNOS,
HSP90 and CaM in immunohistochemical analysis, showed a similar trend among the 3 groups,
with preserved expression of all endothelial markers iRE®H group. Both, CD31 and CaM

were significarly preserved in CIEVH group, making it the most favourable technigiée

have performed an ex vivo experiment by exposing HSV segmieaitgested byi No t ouc h o
techniqueto 100% CO2 for 40 miutes to investigate the level of cellular dambygd.ive/Dead

asay CO2 did not cause anyimmediate structural endotheliadamageand there was no
statistical difference between control and CO2 groMpe.have used G&(FLUO3 AM) and

NO (DAF-FM) spedic indicators to investigatealdum mobilisation anceNOS relagd nitric

oxide (NO) production. After CO2 exposure and bradykinin stimulatiofit @abilisation was
significantly attenuated and NO generation was also markedly reduced in endotheli&Veells.
believe, these results are purely due to CO2 insufflatiorghwdan compromise the entire length

of vein graft. However, more research is required to establish, whether fiheisgys are

transient in nature or they have long term implications on graft suasnitlinical outcome.
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1.1 Saphenous Vein Graftasa Bypass Conduiti A Background

Coronary artery disease (CAD) remains the leading cause of myodafdration and sudden
cardiac death in industrialized worlMurray and Lopez, 1997Rosamond et al., 20D7
Although mortality from CAD continues to decline in several areas of the whbed et al.,

2002 including most countries of Europe, America and Australia, unfabteiteends were still
observed in the Russian Federation and other countries of the former Soviet Union, whose recent
rates remain exceedingly highevi et al., 2009 Mortality from CAD in Englandand Wales
(O'Flaherty et al., 2008nd ScotlandO'Flaherty et al., 20Q%as levelled off in young adults,

particularly in men age8b to 44 years.

The idea of surgicallyelieving coronary obstructiohad ben proposed as early as 1913 by
Alexis Carrel, whainitiated the concept of CABG for occlusive disease with his Nobel Prize
winning reseach in vascular anastomosis. ideformed CABG in a dog with use o& carotid
artey segment as hridge between the aorta and left coronary art€arrel, 1919 Saphenous
vein (SV) was originally introduced as a graft of the superficial femoral at@uplin, 195J). In
1960, Robert Hans Goeperformed the first succsfsil coronary bypass operati, grafting the
right internalmammary artery to the righbonary arteryHis medical and surgicalbieagues
vehemently criticizedthe procedure, which &y considered to be unwarrantadd highly
experimental (Konstantinov, 2000 and Goetz neveperformed CABG again. The initial
experience of saphenous vein segreard a coronary bypass conduit was first published from
Cleveland clinic in 1968, whereccluded right coronary artery was reconstructed with

interpositionsaphenousein graft(Favaloro, 1968 Prior to this, case reports of coronary bypass
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surgery with vein segmeriBabiston, 196B8and a seven year followp of a functioning vein

graft was reportedGarrett H, 1978 Over the past three decadegrqutaneous coronary
intervention (PCI) has been developed as an alternative revascularization treatment that is less
invasive. The devices and techniques of PCI have continued to improve, followed by coronary
stentng with baremetal stents, druglutingstentsand more recently developments such as gene
targeting or stem cell therag$tillwell et al., 2011 Donndorf et al., 2013 However, extensive
evidence from numerous randomized trials, registry data, and theiramedismes favours
coronary artery bypass grafting (CABG) using autologous conduits to restore blood supply
remains an important technique of revasasédion over PC(Hueb et al 201Q Yusuf et al.,

1994 Serruys et al., 20Q¥HIlatky et al., 2009Hannan et al., 20Q08lannan et al., 2005

The main vessels used esnduitsfor CABG are the internal mammary artery (IMA), radial
artery (RA), gastroepiploic artery (GEA) and saphenous vein (Sdker et al., 2012Kamiya

et al., 2004 Cameron et al., 1996SV grafts were used initially but the ITA has subsequently
become the first conduit of choice since it has a superior patengyared to SV grafid.ytle et

al., 1985 Cameron et al., 1996The pa@r longterm results with SV grafts and the encouraging
results with ITA have led to the pursuit of other arterial conduits for CABG and, of the arterial
grafts available, the radial artery (RA) has gained the widest popularity as it has been shown to
havean excellent long term patenfchouh et al., 2000 However, various studies have shown

no beneficial difference between RA and SV grafts in terms of clinical outcthoes et al.,

1992 or patencyTatoulis et al., 2002
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The SV remains an important and the most widely used conduit for patients undergoing CABG
(Fitzgibbon et al., 1996Aranki and Tatooles, 20)4Even with the rapid development o
intracoronary stentsadvantage of CABG over percutaneous coronary intervention (PCI) are
likely to continue in the fieseeable future, particularly in diabetic patients and in those with left
main and multivessel coronary diseases and improvement of itddongpatency continues to

be a major goalTask Force on Myocardial Revascularization of the European Society of et al.,

2010.

The SV has a number of practical advantages expendable, since lower limb venous drainage
can rely solely on the deep venous system; its long length allows its use for multiple grafts and
its superficial position renders it easily accessible, facilitating its exposure at h@rsasand
Dashwood, 200R Since its introduction as a graft, the SV has become the most commonly used
conduit in patients undergoing CABG. However, poorer {targn patency rates and clinical
outcomes have been reported after CABG performed using SV grafts compared with those after
CABG with arterial grafts, such as the ITAs and right gastroepiploic afiteny et al., 2008

Fitzgibbon et al., 1998Cameron et al., 1996

Over the yearseffective evidencédased secondarpreventiontherapies, such as lifestyle
interventions, statingngiotensirconverting enzyme inhibitors, and antiplatedgents, and the
availability of newer antianginalsave dramatically changdhe presentation, managemeanrig

prognosisamong patients with stable CABihn et al., 2012 Major changes have occurred in

the management of CADvith increasing use of revascularizati@teqg et al., 2004
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The most recent edition of the European Society of CamgyoESC) and the European
Association for Cardidhoracic Surgery (EACTS) joint guidelines on myocdalrd
revascularization celebratéth anniversary of the first coronary artery bypass graft (CABG)
procedure(Head et al., 2033Windecker et al., 2094 PCI is now equally recommended as
CABG for the treatment of proximal LAD alone as well as in the context of aveseel disease.

This recommendation slightly diverges from the American document, which considers CABG
superior for the treatment of tweessel disase including the proximal LAQFihn et al., 2014

CABG is strongly recommended over PCI for patients with diabetes and esskivdisease,
provided surgical risk is acceptable. In cases where a percutaneous treatment is indicated, new
generation DES should begberred over barenetal stentgFarkouh et al., 2012/erma et al.,

2013.

Methods used to improveng termpatency of SV grafts included pharmacologic relaxation of
the SV after harvest and strict medical therapy, including administration of antiplatelet and lipid
lowering agents after surge(iRoubos et al., 1995Goldman et al., 1994 Further efforts to
improve patency of the SV have continued, including external support using stents,
intraoperative gene transfer, and improvement in harvesting techrfiylaeset al., 2004Wan

et al., 2007Souza et al., 200&rejca & al., 2002 Alexander et al., 2005

Traditionally, SV is harvested using a lengthy incision in the lower limb termedpen
conventional vein harvesting (OCVHMore recently, endoscap vein harvesting (#H) has
grown in popularity in an effort to reduce the pain and risk of infectioncaded with the

procedure(Raja et al., 20)3The Soci ety of Thoracic Surgeons
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reported that 70% of CABG procedures performed in 2008 used this aeiasting method
(Shahian et al., 2009Abundant evidence has emerged in recent years confirming that EVH is
associated with decreased leg wadumorbidity, improved cosmetic results, and enhampaeent
satisfaction(Deppe et al., 20t3uzounian et al., 201Andreasen et al., 20D8Despite these
well-established benefits, concerns persist regarding risk of injury at the tiEéHbofwith its

potentialdetrimental effect on vein graft gaicy and clinical outcomégkopes et al., 2009

22



1.2 Vessel Structure of Saphenous Vein

Most blood vessels are characterised by three main layers. These layers are more defined in the

arteries thanhe vein.

Tunica Intima (Inner most layer)
Tunica Media (Middle layer)

Tunica Adventitia (Outer most layer)

In arteries intima consists of a thin layer of basement lon@ne and endothelial cells (ECBut

in a medium sized vein such as the saphenous vein, the intima is thick as compared to the artery
and is thrown into folds and may be thickened in areas due to the presence of smooth muscle
cells, elasticfibres and collagen within regions of neointinhyperplasia(lH) (Sellke et al.,

1996 Nielsen et al., 1997IH leads to pathologic narrowing of the vessel lumen, graft stenosis,
and ultimately graft failuréLoGerfo et al., 19883 ECs form a flattened monolayer on the elastic
basement membrane, and are thought to play an essential role in venous wall integrity and
function. The tunicamedia containing vascular smooth muscle cekparated by collageand
adventitiais the thikest layer composed of collagéibres and fibroblasts mergingvith the

surrounding connectivisssue(Kopjar and Dashwood, 2015

Also situated mainly in the adventitia are the autonomic/perivascular néreesch and
Dashwood, 2009 SV has a uniqustructure in their lumen:he valves, which avoids blood to

pool in the peripheries and return it to the cardiac pump.
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The SV has a muscular walbmsisting of several layers ofascular smooth muscle cells
(VSMCs) separated by layers of collagenous connective tissue. The matdéa, like the intima

also contain a few elastic fibres but there is no distinct internal elastic lamina (IEL) or external

elastic lamina (EEL) as in arteries of similar qigggure 1.1).

Figure 1.1: (A) Cross sectioal view of Human Saphenous Veid{V) - (B) Different layers of
HSVT (I) Intima, (M) Media and (A) Adventitia separated by (IEL) internal and (EEL) external

elastic lamina.
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Outermost layer, the adventitia, is broad consisting mainly of collagen fibres and fibroblasts that
merge with tle surrounding connective tissue and perivascular fat (PMEPVF (Figure 1.2)

is a pronounced cushion of adipose tisso@ataining numerous microvessels (arrows), which are

a source of many vasculoprotective factors including adimterived relaxingactors (ADRFS)
(Maenhaut and Van de Voorde, 20Xollasch, 201Pand Nitric oxide(NO) a vasorelaxant
factor with antithrombotic, antnflammatory and antiproliferative propert{&falinowski et al.,

2009.

Figure 1.2: (A) Cushion of Perivascular fat (PVF) surrounding saphenous vein with islands of
micro vessels (arrows) releasing adipose derived relaxing factors (ADRFs) and Nitric Oxide

(NO). (B) Magnified view of micro vessels embedded in Perivascular fat (PVF).
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The vasavasorum (VV) is a network of nourishing microvessels, mainly confined to the
adventitial layers supplying nutrients and oxygen to the blood vesseRiglre 1.3).They are

more pronounced in muscular veins like SV and penetrates deeper into the medneatteries

(Souza et al., 1999Crotty, 1989 Dashwood et al., 2004 The adventitia does not merely

provide structural support for media but because of VV, when isolated segment of vein is
Afdi sconnectedo fr om eskestial narentsutd the veib wall throyghh o v i d
retrograde blood flow(Souza et al., 2006 The extrinsic arterial supply of SV vasa vasorum

arises from the external pudendal, superficial femoral, superior geniculate and posterior tibial

arterieg(Lefebvre and Lescalie, 1996escalie €al., 1986.

Figure 1.3: Tunicaadventitia(A) showing network o¥asa Vasorumafrows)
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1.3 Current status of endoscopicvein harvesting

In 1997, a technique for harvestingaphenous vein using endoscopic methods (EwWd3
introduced for CABG(Allen et al., 200% Since its introduction EVH, has beesported to
decrease saphenectomy associated wound infection in smadl(RIE3n et al., 1998Andreasen

et al., 2008 Yun et al., 200band in two recenbbservationaktudiespresenting data abver

5000 patientgDacey et al., 20%10uzounian et al., 20)0Compared withopenconventional

vein harvest (@VH), a number oftudies have reported improved patient satisfaction, shorter
hospital stay, and reduced postoperative pain at the harvest site wit{AleHR et al., 2005

Cheng et al., 20Q5Aziz et al., 2006Bonde et al., 20QXiaii et al., 2002 Patel et al., 2001In

a metaanalysis(Athanasiou et al., 2004f 27 published studs, reduced rate of wound healing
disturbances were foundamong patients undergoing EVH versu€\H. Among the 12
randomized trials within this metnalysis, EVH was associated with a significant reduced risk
(4% versus 13%; odds ratio, 0.24) min-infectivewound di stur bances (def
drainage, hematoma, dehiscence, necrosis, need for surgical debridement, and seroma

formati ono) .

Despite these reported benefits, uptake of EVH among surgeons has been variable. Criticism of
this technique centres dhe risk of injury at the time of harvest with its potential detrimental
effect on vein graft patency and clinical outcon@sizounian et al., 20}0The angiographic
patency rateat 6 monthsvere found to be similar after EVH andC@H (Yun et al., 200} both
techniqus alsoshowedsimilar histology(Griffith et al., 2000 Kiaii et d., 2009. However,in

post hocanalysis of the Project of EXivo Vein Graft Engineering via Transfection (PREVENT
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IV) trial demonstratedEVH to be an independent predictor of vein graft failure at 1 {lempes
et al.,, 2009 Magee et al., 2008and structural & functional damadmd been observed after
EVH (Rousou et al., 2009As a minimal invasive techniqu&VH is likely to cause adverse
effects on vascular and endothelial function, especially to the outei.kwyadventitig Tsui and
Dashwood, 2002and on vascular tissue source of N@ashwood and Loesch, 2Q0Bsui et al.,
2002. There area number of stiies, comparingeVH to traditional O&H by looking at
histological feature with conflicting results. There wasdetrimental effect on vein morpbgly,
endothelial structurer function(Black et al., 2001Fabricius et al., 20Q(etter presentan in
EVH (Nowicki et al., 2004Hashmi et al., 200)%r no differencéNezafati et al., 201Meyer et

al., 2000 in enddhelial integrity between these techniques.

However, accumulating evidence from recerlyblished reports raise serious concerns with
regard to the quality and midterm patency of gradteer EVH and fundamentally questids
value for CABG(Lopes et al., 2009 Similarly, ROOBY trial (Randomized On/Off B@ss)
demonstrated a significant 10.7% reduction of vein graft patency rates with EVH compared with
OCVH and the repeat revascularization rate was significantly higher (67%4%, P< 0.05),
after an angiographic follomup (n=894)at 12 monthgZenati et al., 2011 More recently, yet
another postioc analysis of the PREVENT I¥ial revealed a high prevalenoé vein graft
failure following CABG, evaluatingnultiple patientand surgery specifitactors associated vt
vein graft failure, includingeVH (Hess et al., 2094 On the contrary, a etaanalysis (n =
27,789) of RCTsand observational trials (@) from 43 studies (16 RCT, 27 OT), who
underwent saphenectomy by endoscopic (46%; n = 12,822) or conventional te¢bAkjue =

14,967) underscores the safety of EVH in patients undergoing CABG and between harvesting
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techniques showed no difference in girafated endpoints, including mortality and KDeppe
et al., 2013 A recent metanalysis (n = 267,525) at a median folloyw of 2.6 years, found no
significant difference in mortality, myocardial infarction, repeat revascularization, angina

recurrence, vein graft stenosis or occlusion, therdéweringEVH (Sastry et al., 2013

Endoscopic handling of vascular tissue is inherently less able than open techniques to abide by
Antooucho principles, parti cul gDrdifaidt ed al.ry 20lg t he
The lack of experience of novice trainees increasesisk of vein trauma and denudation of the
endothelium, potentiating the process of vein graft faifi@ni and Poston, 20)J1EVH can

lead to vessel wall spasm due to skeletonizing the vein during initial dissé€Rapm et al.,

2009). As these complications occur witegiter frequency during the early skills acquisition
period, the implementation of appropriate standardized, structured training programmes are vital

in minimizing the risk to patient®@otden et al., 2009

Prior studies have suggested that as few asa6scof experience are required to complete the
learning curve of EVHJesuthasan et.al2003. In contrast, Desai and colleaguesind that

learning was not complete with even close to 100 cases of expergrmtéechnicians
inexperienced with EVH are more liketly cause intimal and deep vessel injury to the saphenous
vein graft, which increases graft failure ridBesai et al., 2001 This revised estimate suggests

tha acquiring EVH experience and maintaining this skill presents a more complex quality
improvement challenge than previously assumed.

Considering these new data and the number of patients included in the subsequent analyses, the

NICE interventional procede guidance @mmittee judged that current evidence on the efficacy
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and safety of EVH for CABG is adequate to support the use of this procedure, although the
importance of training and regular experience for any clinidiasing this procedure was noted

(Barnard and Keenan, 2011
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1.4  Structural Viability of Open vs. Endoscopiwein grafts

Scanning electron microscopy (SEM) is useful for identifying endothieilialy by visualizing

the disruption of the intima through endothelial cell separation and endothelial cell detachment
(Lametschwandtner et al., 2Q0Macchiarelli et al., 1994 A study (Lancey et al., 2001
examining segments of veins harvested from both endoscopic and open techniques demonstrated
that the grafts were largely intact with no gross separations between the endothelial cells. In the
few instances that intimalistuption and thrombus presence were found, neither correlated with

a particular harvesting technique.

The integrity and morphology of the endelilbm may also be evaluated byulphoton
microscopy(MPM) (Biswas et al., 2001 The typical fluorescence microscopy used to visualize

cell momphology is not optimal for determining endothelial disruption because the technique is
unable to penetrate deeply into thick tissues and adequately image cells in vivo. Instead, the
endothelial cells must be isolated and cultured separately. Multiphotmeg$kcence microscopy
solves this issue by using infrared waves as an excitation source to permit visualization deep into
tissues, allowing researchers to bypass conventional in situ study m@wasdsrs et al., 1997

Potter et al., 1996

A group of smalktudies looking at the histological properties of the saphenous vein grafts failed
to demonstrate significant differenocethe morphological integrity of the vessels in endoscopic
vs. open vai grafts in the immediate period aftervesting. Hussaini and colleaguyekissaini

et al.,, 201) included an analysis of the morphology of the saphenous vein harvests (n = 19)
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using MPM, when they performedteir assay on the functionality of these grafts. Reinforcing
the findings from the SEM studies, MPM images demonstrated similar intact morphology in that
there lacked any gross detachment or breaks between elaatklls in both EH and OG/H.

In a small study (n = 10) esterase activity (enzyme representing graft preservation) was
significantly higher inthe GCVH group which indicates that \BH has a detrimental effect on

the saphenous vein endothelium, which may lead to decreased graftypatel worse patient

outcomegRousou et al., 2009

A studyevaluate the morphology oB layers of the veimvall and showeaho differences in the
occurrences of irregularities in the intima, media, or adventitia of EVH @/HO)(Meyer et al.,
2000. Similarly, Alrawi and colleaguegAlrawi et al., 200) were able to devise a system to
guantify changes in morphology by formulating a scoring system to assess ithe diegamage
associated with each harvesting techniduieey also demonstrated that the differences in the

degree of endothelial damage using either of the techniquesatestatistically significant.

However, our previous worfHashmi et al., 200)5demonstrated more endothelial stretching in
the open tunnel EVH technique, which in our opinion, was due to lack of subcutaneous tissue
separation, poor visualization and traction stresses across the wall of the saphenoosouein. |
study OCVH method revealed areas of endothelial detachment, not observed with either of the
endoscopic techniques. Interestingly, most preserved endothelium was found in the closed tunnel

EVH group, which was previously known to be associated witfsevgraft patency.
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1.5 Functional viability of Open vs. Endoscopic vein graf

Recently, a much quoted stu@yopes et al., 200%xplaed the long term outcomes ofMH vs.

OCVH by performing a secondary analysis of a database from the project\Gf&¥ein Graft
Engineering via Transfection IV trial (PREVENT IV). At ilE8 months, patients who received

EVH experienced vengraft failure at hgher rates than O@H. Veingraft failure was
determined through angiography to be a stenos
At 3 years, patients who receivedVH also experienced higher rates of adverse clinical
outcomes such as deathyaoardial infarction, and repeat wscularization compared with

OVH.

In an another studfHussaini et al., 20)1of prospectively selected (n=19) patiergsdoscopic
saphenas vein harvesting techniqu&\(H) was used for a segmeatnd A No t oucho
saphenousvein harvesting technique (NOVH) for another portion of saphenous vein.
Bradykinin stimulated calcium responseas significantly greater in NDVH than n EVH
endothelium Nitric oxide production ingsponse to bradykinin stimulati@f eNOS was greater

than inEVH group, butnot significantly differentThis study indicates th&VH preserves the
functional viability of SVendothelium, but may differentially attenuate the vasomotor function

of the saphenous veigraft. In a similar study, botltalcium mobilisation and Nitric Oxide
production in response tadudykinin stimulation were significantigreater inthe OG/H group

This study also supporthat eNOS dependent vasomotondtion is well maintained in OZH

group compared with the\EH group(Rousou et al., 2009
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Abbasi and colleaguds a novel sheep model randomised ttyesubjectsto coronary artery
bypass grafting using autologous saphenous vein grafts with application of an elaggbmer
containing diethylenetriamine NO adduct in 0.9% sodium chloride solution around the grafted
vessel (intervention group) or with the gel containing the saline solution alone (controls). Graft
vessels were studied after 1 year using spot angiographyistotbgical examinatiorilhe mean
degree of stenosis was significantly lower in the intervention group than in the s@srund

by histology.Although the difference in the angiographic score was not significant, the mean
score was still lower in #hintervention gsup. Perivasalar application of NO waeffective in

reducing graft stenosis in theing model(Abbasi et al., 2011
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1.6 Over distension & temperature changesn vein graft

For decades, preparation of SV by pressure distension is a routine practice. Distension up to 350
T 400 mmhg was reported because such pressures have been shown to occur during the surgical

preparation bthe saphenous vein during CARGalea et al., 199%Roubos et al., 1995

Chello and colleagueChello et al., 2008collected (n=20) approximately 10 cm segments of
freshly isolated vein taken from the lower portion of the long saphenous vein by routine
harvesting technigueEach specimen was divided into two segments of equal length,
representing the control and the distended specimen. The vein is distendediftes rat a
pressure of 300 mm dgiby manual injection with syringe connected to a manometer. Control
endothelialcells exhibited only a weak staining for intercellular adhesion molecule (KZAM
vascular cell adhesion molecule (VCAM), and Pselectin, whereas the levels of these adhesion
molecules increased significantly in the distended veihls this study, VCAML exhibited a
weaker upregulation compared with ICAM which is expressed at basal levels on the

endothelial cells.(Chello et al., 20083

VCAM-1 is usually almost absent on unstimulated endothelial cells, is known to mediate the

adhesion of lymphocytes and mowtes in inflamed vascular bedKrieglstein and Granger,

200)). P selectin showed the highest percentage value of upregulation, which is an endothelial
adhesion molecule that is comstively expresed in a preformed state in the gr anul es

platelets and in the wiebphlade bodies of endothelial ce(idcEver et al., 198 It is rapidly
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translocated to the cell surface after stimulation with inflammatory mediators, allowing rolling

and adlsion of actiated polymorpheucleardo the endotheliuniGeng et al., 1990

Khaled and colleaguegKhaleel et al., 2012examined saphenous vein samples collected using
endoscopic vein harvesting technique (n=48) by recording the highest pressure reached during
standard preparation. 386%) samples exceeded physiological arterial pressures by reaching
greater than 200 mmhg. Reverse transcrippadgmerase chain reaction (FACR) performed

on all vein segments showed there was a significant upregulation of vascular cell adhesion
molecule(VCAM) and intercellular cell adhesion molecule (ICAM), toll like receptors (TLRS)

and scavenger receptor (SR) molecules in segments of vein that were subjected to distension. A
significant MRNA expression upregulation was observed betweeA &kl SRB, TLR2 and

TLR4 and cell adhesion molecules. This upregulation backs the hypothesis thapl8s a
significant role in metabolic repair pathwaiEashwood and Loesch, 200ahd the develapent

of atherosclerosis compared with TLRs that results in progressive inflammation and neointimal

hyperplasigSaxena et al., 20).1

A recent study looked at (n=20) endothelial integrity of open conventional harvesting method by
histologic andimmunohistochemical analysis. Saphenous vein segments were removed before
dilatation (control group) and a second segment was removed after dilatation, using a-pressure
sensing syringe (conventional group). A third segment was obtained from a Y conveasite

graft dilated by flow and pressure from the left internal thoracic artery (composite group).

Harvesting of the saphenous vein using minimal manipulation for use htamyosite graft
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based on the left internal thoracic artery preserved endothetiatise and function when

compared with manually dilated saphenous vein harveting et al., 200h

In both open and closed method dfi, CO2 insufflation is used to help dissect, visualize, and
mobilize the saphenous vein. Cautery then is used to coagulate side branches of the vein. This
may lead to transmission of heat and thermjlry to the vein wall. Past studiéSundry et al.,

1980 show that, in general, cold solutions preserved the endothelium better than warm solutions.
Those vein segments placed in warm blood showed endothelial cell loss, whereas those vein
segments placed in cold blood showed preservation of endothelium. Howether analysis of

most favourable cold temperatures for preservation of the endothelium, it was determined that
moderate cooling solutions maintained endothelial cell viability better than profoundly cold

solutions.

Specifically, vein segments subjettéo colder solutions at 4°C had a significantly greater
amount of endothelial cell separation than the seggnexposed to 20°CSolberg et al., 1997

No particular study has demonstrated how cautery thermal effects might damage endothelial cell
function and there is a real possibility thatutsay thermal effects could alter biochemical
properties of the endothelium must be further expldidssaini et al., 2011Rousou et al.,

2009.
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1.7 Role of Nitric Oxide (NO) and Vasomotor Function

In 1980, Furchgott and Zawadz#femonstrated that the relaxation of vascular smooth muscle
cells (VSMC) in response to acetylcholine is dependent on the anatommiegrity of the
endothelium (Furchgott and Zawadzki, 1980The facto responsible for this intracellular
relationship was named endothelid@rived relaxing factor (EDRF). In the late 1980s this

factor was recognized as the free radical gas, nitric oxide (NO).

NO is an unorthodox messenger molecule, which has numerdesutar targets. NO controls
servoregulatory functions such as neurotransmig§ikidell et al., 1991Schuman and Madison,
1991 or vascular toneg(Rapoport et al., 1983Forstermann et al., 1986regulates gene
transcription(Khan et al., 1996Gudi et al., 199PpandmRNA translation e.g. by binding to iren
responsive element@Pantopoulos and Hentze, 1996u et al., 2002 and produces post
translational modifications of proteins e.g. ARP ribosylation(Pozdnyakov et al., 1998rune

et al., 1994 The mammalian nitric oxide synthases (NOS) are large complicated enzymes with
unique and interesting chemical and regulation mechanisms , which are dedicated to the
production of NO by convertind.-arginine to L-citrulline (Luckhart and Rosenberg, 1999
largely as a signalling age(ignarro, 200D and are related by amino acid seque#dderton et

al., 200). The enzyme, functions as a dimer consistintywf identical monomers, which can be
functionally and structurally divided into two major domains. The first domain-teri@inal
reductase domain and the secatl-terminal oxygenase domafrlemmens and Mayer, 1998

The enzyme contains binding sites for nicotinamide adenine dinucleotide phosphate (NADPH),

flavin adenine nucleotide (FAD) and flavimononucleotide (FMN) in close homology with
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cytochrome R450 reductase, whereas the latter binds iron protoporphyrin IX (haem) and

tetrahydrobiopteringH4), as well as the substrateakginine.

All isoforms of NOS utilize Earginine as the substrate,damolecular oxygen and reduced
nicotinamideadeninedinucleotide phosphate (NADPH) as -sobstrates. Flavin adenine
dinucleotide (FAD), flavin mononucleotide (FMN), and ¥R6,7,8tetrahydreL-biopterin
(BH4) are cofactors of all isozymes. A functionaD8 transfers electrons from NADPH, via the
flavins FAD and FMN in the carboxyterminal reductase domain, to the haem in the-amino
terminal oxygenase domaifflderton et al., 2001Crane et al., 1998 NOS monomers are
capable of transferring electrons from reduced nicotinaiaitninedinucleotide phosphate
(NADPH), to flavinradeninedinucleotide (FAD) and flavimononucleotide (FMN) and have a
limited capacity to reduce molecular oxygen to superoxide)((®2att et al., 1996 Kotsonis et

al., 2000 Stuehr et al., 2001 Monomers and isolated reductase domains can bind calmodulin
(CaM), which enhances electron transfer within the reductase dqiainSoud and Stuehr,
1993. NOS monomers are unableliimd the cofactotetrahydrobiopterin (BH4) or the subgs&a

L-arginineand cannot catalgsNO productior{List et al., 199Y.

In the presence of hagnNOS can form a functional diméKlatt et al., 1996List et al., 199Y.

Haem is essential for the interdomain electron transfer from the flavins to the haem of the
opposite monomeiAbu-Soud and Stuehr, 199Brunner et al., 1998 Due to differences in the
calmodulinbinding domain, elevated €ais required for calmodulin binding (and thus cytial
activity) in nNOS and eNOS, whereas calmodulin binds to indud®i@dé with high affinity

even in the absence of €aWhen sufficiat substrate targinineand cofactor BH4 are present,
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intact NOS dimers couple their haem and O2 reduction to the syitbieNO. L-Citrulline is
formed as the byproduct. NOS enzymes perform two separate oxidation steps, one to-form Nv
hydroxy-L-arginine and a second to convert this intermediate tq®t@ehr et al., 20Q1(Stuehr

et al. 2001).

NO is synthesized by three isoforms of nitric oxide synthase (NOS):

1. Neuronal NOS (nNOS; NOS1),

2. Inducible NOS (iNOS; NOS2) and

3. Endothelial NOS (eNOS; NOS3).

NNOS and eNOS are constitutively expressed and require increased intracellular Ca2+ for
activation whereas iNOS expression is induced in response to inflammatory stimuli and once
synthesized, is tightly bound to Ca2a&lmodulin and is thereby constitutivedtive (Aktan,

2004 Kleinert et al., 200% The primary source of NO in the vasculature is eNOS under normal
conditions, whereas INOS becomes prominent under inflammatory conditions. Under
physiological conditions, eNOS generates low levels of NO nfiaintenance of vascular
homeostasis(Albrecht et al., 2008 and alterations in NO production contribute to the
pathogenesis of vascular disorders such as hypertension, diabetes, heart failure and
atheroslerosis(Cooke and Dzau, 1997The kallikreinkinin system plays a prominent role in
vascular inflammation and its biological effects are mediated by release of kinin peptides that

activate two different G proteicoupled receptors named Bl (B1R), whose expression is
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