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The people who bind themselves to systems are those who are unable to 

encompass the whole truth and try to catch it by the tail; a system is 

like the tail of truth, but the truth is like a lizard; it leaves its tail in 

your fingers and runs away knowing full well that it will grow a new 

one in a twinkling. 

Ivan Turgenev to Leo Tolstoy 
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History of surgical myocardial revascularisation 

The development of procedures for myocardial revascularisation runs parallel to that of 

selective coronary angiography. Four years after the introduction of selective coronary 

angiography by Sones and collaborators in 1958, Effler and his team repaired a severe 

obstruction in the left main trunk coronary artery, by using the patch graft technique 

developed by Senning. At the same time Sones demonstrated angiographically the 

successful application of the Vineberg's procedure, which is the direct implantation of 

the left internal mammary artery (IMA) into the myocardium.1-2 Until 1967 the surgical 

therapy of coronary artery disease consisted of these two techniques. 

During the nineteen sixties two groups reported the use of saphenous vein (SV) in 

coronary artery surgery. The group of Garrett performed a successful coronary artery 

bypass graft (CABG) in 1964, using SV and in 1967 Favaloro and colleagues 

reconstructed a coronary artery by the interposition of a segment of SV.1.3 Soon 

thereafter the same group started placing the proximal anastomosis of coronary artery 

bypass grafts in the wall of the ascending aorta. During the following years the 

technique developed to procedures where CABG was combined with ventricular 

aneurysmectomy or valvular replacement, for emergency revascularisations, and for 

multiple bypass. By June 1970 more than 1000 CABG with SV were performed.1 

In 1965 Green demonstrated the successful anastomosis of the IMA on the coronary 

system of dogs.4 It was not until 1970 that Favaloro and Loop used the IMA for direct 

coronary anastomosis in humans. In 1986 Loop demonstrated in a 10-year follow up 

study a better patency for IMA compared to SV grafts.5 Since then other sources for 

arterial conduits were exploited as well. Bailey used already in 1967 the right 

gastroepiploic artery for the Vineberg type operation. Twenty years later several groups 

reported the application of this artery for coronary anastomosis. The use of the inferior 

epigastric artery was introduced in 1990. The early application of the radial artery in 

1971 by Carpentier showed poor angiographic results. In 1989 spasm of the conduit 

was recognised as the cause for early graft failure and the use of the radial artery revived 

owing to the use of calcium channel blockers.1 

At present different options are available for multiple graft coronary revascularisation. 

Saphenous vein and internal mammary, radial, inferior epigastric, and gastroepiploic 

arteries can be used with or without sequential anastomosis, and with or without graft-

to-graft anastomosis. CABG continues to be the treatment of choice in multivessel-, or 

left main trunk disease. More and more patients are accepted for CABG, despite co

morbidity and old age.6-7 However, hospital mortality is about 1% and stable and the 

risk adjusted combination of mortality and morbidity rate is declining.6 
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Pharmacology and coronary artery bypass grafting 

In the early days of CABG the SV was seen as a passive conduit. Spasm of the vein 

occurring during its removal was overcome by high-pressure distension using a syringe. 

With the introduction of IMA as a bypass graft, spasm became a relevant clinical 

problem, due to the ischemic complications of the myocardium supplied by this 

conduit. Since then it was recommended to counteract graft spasm by the application of 

papaverine.4-8 Thereby, the pharmacological treatment of vascular grafts during CABG 

was established. However, several questions remained to be solved concerning the most 

effective vasodilator agent and the applied concentration. Since then pharmacologists 

started to study these questions using the isolated vessel rings in an organ bath.9 

Surgeons, measuring the effect of pharmacological agents on blood flow of IMA and 

SV in vivo, extended the study of graft pharmacology.10"12 

In addition to the application for the understanding of graft spasm, pharmacological 

studies can be used to determine the effect of factors influencing the quality of the 

vessel wall. Especially since it became obvious that the patency rates of venous grafts 

are worse compared to arterial grafts, surgeons are interested in factors influencing the 

integrity of the vessel wall. Usually these factors are tested by histological and 

morphological studies. However, the value of these studies is limited by the fact that the 

presence of certain structures and/or their organisation in the vessel wall does not 

guarantee a normal function.13 

Characteristics of saphenous vein and internal mammary artery 

Morphological properties 

The wall of SV is different from that of arterial grafts (Table 1). The intima is lined by 

endothelium that lies on a fenestrated basement membrane. Cell junctions in venous 

endothelium are predominandy of the long occluding type and more permeable than 

those of arterial endothelium. SV endothelial cells are large but flat when compared to 

those of the IMA. Focally, intimai cells lie immediately beneath the endothelium. A 

rudimentary internal elastic membrane separates the intima from the media. The tunica 

media is thin when compared to that in arteries, and it is composed of smooth muscle 

cells (SMC), arranged in circular layers. Circumferential collagen is often adjacent to 

longitudinal bundles of smooth muscle and collagen. The IMA, structured like an elastic 

artery, is dominated by a media composed of discrete lamellae of wavy collagen and 

SMC, aligned nearly circumferentially. The relative thick adventitia of SV contains the 
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Table 1: Morphology 

Vein Artery 

Endothelial cells 

Tunica intima 

Internal elastic 

membrane 

Media 

Elastic lamellae 

Medial SMC 

Vasa vasorum 

Valves 

Larger, thinner, less anchored to 

subendothelium 

More permeable 

Poorly defined 

Thin 

Absent 

Few, circular and longitudinal 

arrangement, widely separated by collagen, elastic fibres, and matrix 

collagen 

More anastomoses Fewer anastomoses 

Present Absent 

Smaller, thicker, anchored to 

subendothelium 

Less permeable 

Well defined 

Thick 

Present 

Circular, orderly array with 

Overview of the morphological characteristics of arteries and veins with respect to coronary artery bypass grafting. 

SMC = smooth muscle cells, (adaptedfrom Cox 1991) 

anastomotic plexus of vasa vasorum.14'15 

Biophysical and biochemical properties 

Physiological and biochemical control of basal vascular tone differs among arteries and 

veins and type of artery/vein. (Table 2) The degree of contraction of vascular SMC 

depends on the myogenic activity and the responses to endogenous vasoactive 

substances. Differences in the control of basal vascular tone also determine the 

responses to pharmacological compounds (see Pharmacological properties). The 

predominant mechanism of action of vasoconstriction in arteries appears to be the 

phasic depolarisation and entry of calcium through voltage-dependent calcium channels, 

while the major dilator influence appears to be endothelium-derived nitric oxide (NO).16 

The predominant mechanism of vasoconstriction in veins is tonic contraction in 

response to noradrenaline released from sympathetic nerves present in the vessel wall. 

Veins are especially sensitive to nitrates (NO-donors). In response to N O the 

concentration of guanosine 3',5'-cyclic monophosphate (cGMP) increases substantially. 

Furthermore, the tonic phase of vasoconstriction, seen predominantly in veins, is highly 

sensitive to cGMP-dependent mechanisms16, and veins have a low production of N O 
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that is thought to mediate the metabolism of organic nitrates in vivo17. The endothelium 

of veins releases predominandy vasoconstrictor substances, whereas the release of 

vasodilatory agents is more pronounced in arteries.14'16'18'19 

The elastic properties of the vessel wall vary among veins and arteries as well. Veins are 

highly compliant over the normal range of venous pressure, but relatively inelastic at 

arterial pressures. The high fraction of longitudinal muscle, in addition to the 

circumferential muscle cells in the SV determine the high mechanical stiffness when 

exposed to an arterial pressure. Additionally, elastic fibres are more important 

determinants of their rheological behaviour than the collagen fibres, in contrast to 

arteries.20 

Veins possess relatively weak intrinsic antithrombotic properties when compared to 

arteries. Heparan sulphate, a proteoglycan molecule with anticoagulant properties, is less 

prominent in the media and the poorly developed internal elastic lamina of veins.14-21 In 

addition, the production of the inhibitors of platelet activation by the endothelium (NO, 

prostacyclin (PGI2)) is low in veins, when compared to arteries.21 The response of SV to 

substances released from aggregating platelets is contractile as demonstrated for 

thromboxane A2 and serotonin. In IMA these substances could not induce a 

contraction and ADP (adenosine-diphosphate) mediated endothelial NO-release and 

subsequent SMC relaxation.22 Furthermore, thrombin, released from aggregating 

platelets during their activation causes constriction of SV and dilation in IMA.23 

Table 2: Physiology 

Veins Arteries 

Vasoconstrictors More sensitive Less sensitive 

Vasodilators Less sensitive More sensitive 

Endothelial-derived agents SMC contraction SMC relaxation 

Elasticity Relatively inelastic at arterial 

pressures 

Elastic at arterial pressures 

Role of collagen Inconsequential Important 

Lipolysis Slower More rapid 

Lipid uptake Rapid Slow 

Lipid synthesis More active Less active 

PG12 production Less More 

Overview of the biophysical and biochemical properties of veins and arteries with respect to aortocoronary bypass grafting. 

P G 1 2 = prostacyclin, SMC = smooth muscle cells, (adaptedfrom Cox 1991) 
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Thrombus formation is also different between the two types of blood vessels. In the SV 

extensive microthrombi are formed, resulting in occlusion, whereas in arteries a 

"platelet carpet" is deposited, and not an occlusive thrombosis. This might be due to 

the lower blood velocity and hence lower shear stress in the venous circulation resulting 

in the less rapid removal of thrombogenic substances.14-20 

The metabolism of lipids in veins is proatherogenic, when compared to arteries. The 

combination of slow lipolysis and rapid lipid uptake and synthesis in veins is responsible 

for this observation.14-21'24 

Pharmacological properties 

I. Pharmacology of the saphenous vein and internal mammary artery 

Adrenergic responses. In vascular SMC, two types of postjunctional a-adrenoceptors are 

identified, the ai - , and the a2-adrenoceptor, respectively. The predominance of 

subtypes of adrenoceptors varies in between blood vessels. In SV the ecu and cttb-

subtypes of the oci-adrenoceptor are present and the postjunctional (^-adrenoceptor 

consists of the a2c-subtype.25'26 The predominant a-adrenergic receptor present on IMA 

vascular SMC is the ai-adrenoceptor. Different subtypes have been specified with the 

following rank order of density: a i a > (Xib > aid.2628 Stimulation of the a-adrenoceptor 

results in the activation of membrane-bound phospholipase C (PLC) and the 

subsequent hydrolysis of phosphatidyl inositol 4,5-biphosphate to produce 

diacylglycerol (DAG) and inositol 1,4,5-triphosphate (IP3). D A G activates protein 

kinase C leading to the phosphorylation of some intracellular proteins. IP3 causes the 

release of calcium from intracellular stores, followed by an increase in intracellular 

calcium and/or an increase in sensitivity to calcium of the contractile apparatus, and 

subsequent contraction (Figure 1A).29 As described previously, veins are highly 

responsive to a-adrenoceptor stimulation, because the effect of noradrenaline released 

from nerve endings in the vessel wall is the main mechanism of their basal contractile 

tone. (Table 3) Compared to other vasoconstrictor stimuli the combined Cti-, and ct2-

adrenoceptor agonist noradrenaline causes nearly twofold contractions in isolated SV 

preparations.9-30 In the IMA, the exposure to noradrenaline and the selective cti-

adrenoceptor agonists methoxamine and phenylephrine causes contraction (this 

thesis).31 In SV, phenylephrine or methoxamine, and the ot2-adrenoceptor by B-HT 933 

provoke contractile responses with the following rank order of efficacy: noradrenaline > 

phenylephrine > methoxamine > B-HT 933 (this thesis).9 

The ß-adrenoceptors involved in vascular smooth muscle and endothelial cell responses 

are mainly of the ßi-subtype. Via a G-protein-mediated mechanism adenylate cyclase 

becomes activated after ß-adrenoceptor stimulation (Figure IB). Subsequendy the 
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Vasoconstrictors Ca Contraction 

5'-AMP 

ß-Agonists 

Relaxation 

€ 

4. Ca' 

1 Myosin *~ Myosin-(p) 
© + Actin 

(-) Contraction 

c 
Relaxation 

Nitrovasodilators 

Figure 1: Mechanism of contraction (A) and relaxation by ß-adrenergic agonists (B), nitrovasodilators (C), calcium 

channel blockers (D), or potassium channel activators (E), of vascular smooth muscle cells. A c y c l a s e = adenylate 

cyclase, cAMP = adenosine 3,5-monophosphate, cGMP -guanosine 3,5-monophosphate, CM = calmodulin, DAG = 

diacylglycerol, GTP = guanosine triphosphate, IP3 = inositol 1,4,5,-triphosphate, MLCK = myosin light-chain kinase, 

PDE = phosphodiesterase, PIP2 = phosphatidyl'inositol4,5-biphosphate, PLC = phospholipase C. (adaptedfrom Brody 

1998) 
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concentration of adenosine 3,5-monophosphate (cAMP) increases, resulting in the 

decrease of the intracellular calcium concentration and SMC relaxation, or N O release 

by endothelial cells. In SV and IMA ß-agonists such as isoproterenol, are moderate 

vasodilators (this thesis).30 Furthermore, the relaxation to this agent is dependent on the 

vasoconstrictor stimulus applied.30 A possible reason for the weak dilatory action in SV, 

is the presence of prejunctional ß-adrenoceptors that augment rather than depress the 

contraction in response to activation of adrenergic nerve endings.32 In IMA, 

dobutamine or another ß-adrenoceptor agonist can relax precontracted rings 

completely, also in the range of therapeutic plasma concentrations.33 

Angiotensin II-mediated responses. Activation by angiotensin II of its specific AT-receptors 

leads via G-proteins to the activation of PLC, a signalling mechanism as described for 

a-adrenoceptor activation (see above) (Figure 1A). Responses to angiotensin II are 

mediated via the ATVreceptors in human SV and IMA.34'35 In human SV angiotensin II 

provoked a maximal contractile response that amounted to ~60% of the depolarisation-

induced contraction35, whereas in rabbit SV only small contractions could be evoked 

(this thesis). In human IMA responses to angiotensin II are less when compared to 

human SV.34 (Table 3) 

Other vasoconstrictor agents. Endothelin, dopamine, prostaglandin F ^ , serotonin, and the 

thromboxane A2 analogue U46619, all provoke vasoconstriction of SMC in SV and 

IMA (Table 3). The second messenger system of the endothelin-receptor is complex. 

Both serotonin-receptors and thromboxane A2 (TXA2) receptors induced contractions 

Table 3: Arterial and venous effects of vasoconstrictor agents 

Vasoconstrictor stimulus Arterial (A) or venous (V) contraction 

a-Adrenergic agonists930 V > A 

Depolarisation9 V > A 

Angiotei 

Others: 

Angiotensin II1634 V > A 

- endothelin-11636 V > A 

thromboxane A2
9,22 V > A 

serotonin22 V > A 

Overview oj'the effect of the vasoconstrictor agents in internal mammary artery (A) and saphenous vein (V), blood vessels 

used for coronary artery bypass grafting. 
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are mediated via a PLC-dependent signalling mechanism. In SV endothelin is as 

effective as noradrenaline.30 Endothelin is a more potent vasoconstrictor in veins than 

in arteries16-36, and in both vessels the response is mediated mainly by E T A receptors36. 

Serotonin induces maximal contractile responses that are ~50% of KCl-induced 

responses in SV.37 U46619, is a potent vasoconstrictor in human SV and in 

IMA.12-22-27'31 Endothelin and thromboxane are the most potent vasoconstrictors in 

IMA.12 

Papaverine. This non-specific vasodilator substance, relaxes blood vessels through 

multiple mechanisms. It is a phosphodiesterase-inhibitor, raising cGMP levels in SMC 

(Figure IB). Papaverine-induced relaxation is also caused by other actions such as a 

decreased calcium influx or inhibition of the release of calcium from intracellular 

stores.12 Papaverine is a potent vasodilator in most vessel preparations and independent 

of the precontraction applied. In SV and IMA papaverine indeed inhibits 

precontractions mediated by depolarisation, a-adrenoceptor stimulation or U46619 (this 

thesis).9-12 Also after incubation in a papaverine-containing solution, SV and IMA 

preparations the responses to depolarisation and Cti-adrenoceptor stimulation are 

almost completely abolished. This inhibitory effect is characterised by a quick onset, and 

a relatively short duration of action (this thesis).30 

Nitrates. The mechanism of action of these vasodilators (such as glyceryltrinitrate and 

sodium nitroprusside) involves the donation of N O , a powerful stimulant of the 

enzyme guanylate cyclase, that increases the formation of cGMP in the SMC (Figure 

1C). The cGMP subsequently reduces intracellular calcium concentrations and leads to 

the relaxation of the SMC (Figure l).12-38 Because of the high responsiveness of veins to 

N O (see Biophysical and biochemical properties), nitrates are effective dilators of veins, 

independent of the mechanism of precontraction.9'30'39 In IMA NO-donors were more 

effective in reversing receptor-mediated, than depolarisation-induced precontraction.9'30 

Other vasodilatory agents. Ct-Adrenoceptor antagonists bind, hence their nomenclature, at 

the a-adrenoceptor, which especially in veins results in a highly effective dilation of the 

vessel.16 PDE-inhibitors exhibit their action by inhibition of phophodiesterase, the 

enzyme responsible for the metabolism of cAMP and cGMP. By increasing the 

intracellular concentrations of these substances vasorelaxation is achieved (Figure IB). 

PDE-inhibitors are weak vasodilators in human SV, whereas a complete dilation of 

precontracted IMA preparations can be achieved independent of the preconstricting 

stimulus.33'40 The effect of ATP-dependent potassium channel openers (Figure IE) is 
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dependent on the vasoconstrictor stimulus applied. Glibenclamide was able to inhibit 

responses induced by U46619, but not noradrenaline-, or endothelin-1-mediated 

vasoconstriction.41 In arteries potassium channel openers are more potent dilators when 

compared to veins.42 

Undotbelium-dependent relaxation. Stimulation of several receptors on the endothelial cell 

can provoke NO-release by the endothelium and secondary relaxation of the SMC. The 

signalling mechanism activated after the stimulation of these receptors involves the 

activation of NO-synthase (NOS) and cyclooxygenase (COX) that catalyse the 

production of N O and PGI2 from arachidonic acid, respectively.38 Relaxation to 

endothelium-dependent vasodilatory agents (acetylcholine, thrombin, ADP) is weak in 

SV.43 However, the calcium ionophore A23187, which releases endothelium-derived 

relaxing factor by non-receptor-operated mechanisms, induces relaxation in SV more 

prominently. IMA relaxation is most pronounced in response to the muscarinic receptor 

agonist acetylcholine, followed by thrombin and ADP. Receptor-independent 

stimulation of the endothelium produces similar relaxations as acetylcholine.43 The 

activation of venous endothelium provokes SMC contraction in vitro, and to a lesser 

extent relaxation. This indicates a more prominent genesis of vasoconstrictor 

compounds compared to vasodilator substances in veins, whereas, in response to 

stimulation the IMA endothelium produces predominantly vasodilator 

substances.14.16.18-19.23 

II Calcium antagonists in saphenous vein and internal mammary artery 

The common mode of action of CA is the inhibition of calcium entry through voltage 

dependent calcium channels (VDCC) into cells (Figure 1). From the characterized 

VDCC, only long-lasting (L-type) and transient (T-type) calcium channels have been 

identified in vascular SMC.44'45 N(euronal)-type calcium channels are present at the 

nerve endings in the vessel wall.46"48 

The CA currently available can be divided into three groups: the phenylalkylamines, the 

1,4-dihydropyridines, and the benzothiazepines.49 In recent years new CA have been 

developed to reduce negative side effects associated with the clinical use of these 

compounds (negative inotropic action, reflex tachycardia) and have been claimed to 

exert a higher vasoselectivity. One of these new CA, mibefradil (Ro 40-5967), blocks T-

type Ca2+-channel currents in VSMC at lower concentrations than those necessary for 

L-type current blockade.50 Furthermore, mibefradil exerted an inhibitory effect on 

sympathetic neurotransmission48, and a KATP-channels-dependent infarct-size limiting 

effect in the myocardium51. Some newer 1,4-dihydropyridines CA, such as lacidipine, 
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Table 4: Arterial and venous effects of vasodilator agents  

Vasodilator type Arterial (A) or venous (V) dilation 

Organic nitrates42 V > A 

Calcium antagonists42 A » V 

Papaverine (this thesis)9'30 A = V 

ACE-inhibitors1634 V > A 

Others: 

a-Adrenoceptor antagonists16 V > A 

- PDE-inhibitors3340 A > V 

Potassium channel openers4142 A > V 

Overview of the effect of the vasodilator agents in internal mammary artery (A) or saphenous vein (V), blood vessels used 

for coronary artery bypass grafting. ACE = angiotensin I converting enzyme, NO = nitric oxide, PDE = 

phosphodiesterase, (adaptedfrom Van Zwieten 1997) 

posses a high lipophilicity. From lipid-rich depots (like the cell membrane) in which 

they easily dissolve, such compounds are slowly released to reach the L-type calcium 

channel. This explains their slow onset, and long duration of action which results in 

their beneficial kinetic profile.5255 

In CABG calcium antagonists are successfully applied in the treatment of graft spasm. 

Verapamil, a predominantly L-type calcium channel blocker, has been shown to prevent 

spasm of the SV when locally applied during its dissection.56 Furthermore, after 

coronary revascularisation with arterial grafts, patients are treated systemically with 

nitroglycerine or CA (nifedipine, diltiazem) to prevent spasm of the grafts.30'57 Another 

possible beneficial effect associated with the use of these pharmacological agents in 

CABG is the prevention of atherosclerosis and ischemia-reperfusion injury.5861 

In isolated arteries and veins CA are potent vasodilators.30-56'62'63 Calcium antagonists are 

less effective in inhibiting receptor-mediated, compared to depolarisation-induced 

contraction, also in SV and IMA (this thesis).9'30'64-65 In addition, CA are more effective 

vasodilators in arteries when compared to veins, which also holds true for SV and IMA 

(Table 4) (this thesis).42 The potency of the three classes of CA in SV and IMA varies; 

1,4-dihydropyridines CA are the most potent vasodilators followed by the 

phenylalkylamines (verapamil) and the benzothiazepines (diltiazem) CA, respectively.31'66 

In SV the new compound, mibefradil is a less effective inhibitor of depolarisation-

induced contractions when compared to verapamil, and its effect at SMC of SV 

demonstrated to be potassium channel-independent (this thesis). 
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Table 5: Comparative vasoreactivity of native and grafted saphenous vein preparatio 

Native (N) versus grafted (G) saphenous vein 

reactivity 

Adrenergic responses13 N > G 

Angiotensin il-mediated responses1334 N = G 

Other vasoconstrictor responses 

N > G 

N > G 

N = G 

Nitrates68 N = G 

Endothelium-dependent relaxation13 N » G 

III. Reactivity of venous grafts 

Functional studies of venous grafts demonstrate the time-dependent changes in 

reactivity compared to native veins (Table 5). Nine years' old venous grafts 

demonstrated reduced maximal contractile responses to potassium, noradrenaline, 

serotonin and histamin.13 The sensitivity of the response to these compounds was 

decreased for noradrenaline, however increased for histamine and unchanged for 

serotonin. The endothelium-dependent relaxation in response to acetylcholine was 

decreased.13 In addition, responses to angiotensin II13>34, endothelin-167, and organic 

nitrates68 remained intact in venous grafts. The sensitivity of the graft to endothelin-1 

increased with the age of the graft.67 
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Coronary artery bypass graft failure 

Epidemiology 

Saphenous vein grafting can be considered as a palliative intervention for a progressive 

disease due to the accelerated atherosclerosis developing within grafted saphenous vein 

conduits.21-69.70 One year after CABG 15% of the venous grafts appears to be occluded. 

Until 6 years postoperatively the graft attrition rate is 1- 2% per year, and from 6 to 10 

years it is 4% annually. Consequently, 60% of saphenous vein grafts is patent at 10 years 

of follow up. Another 50% of the open grafts display a significant degree of stenosis. 

Besides this accelerated atherosclerosis in implanted saphenous vein, the native 

coronary artery disease progresses during this period in ± 5 % of the patients per year.21'71 

The recurrence of clinical symptoms after CABG shows a similar pattern. Angina 

reoccurs in up to 20% of patients during the first year and in the following years this 

number increases by approximately 4% annually.21 Approximately 33% of the patients 

need a repeat revascularisation procedure (PTCA and/or CABG) by 20 years after the 

initial operation, with an increasing incidence after 7 years.70 A higher morbidity and 

mortality rate and a diminished clinical benefit accompany the 'redo' interventions.21'70 

Mortality increases from 3-7 % after 1 year, to 23-34% after 10 years to 59-71% 20 years 

after CABG.70'72 After 5 years the mortality rises and it is higher than in a matched 

Dutch population not subjected to CABG, indicating that CABG with venous grafts 

does not provide a normal life expectancy. Only patients with single vessel disease and 

normal left ventricular function are excepted from this general tendency. 

Compared to 60% patent saphenous vein grafts at 10 years of angiographic follow up, 

IMA grafts display a patency rate of 90% at 10 years and even so at 15-21 years.73-74 

Also the use of other arterial grafts (gastroepiploic-, inferior epigastric-, and radial 

artery) is accompanied by better patency rates, although follow-up studies for periods 

longer than 5 years are not yet available.1 At 18 years 6 1 % of the patients with IMA 

grafts were alive and had not suffered cardiac events.75 

Pathogenesis 

Graft spasm is an early occurring phenomenon leading to reduced flow and ischemic 

complications, in particular in arterial grafts. Spasm of venous grafts during their 

removal, needs high pressure distension to be neutralised. Subsequent damage to the 

integrity of the vessel wall might lead to graft failure. The pathogenesis of graft spasm 

remains to be elucidated. However, the interaction between different constrictor stimuli 

such as surgical trauma, locally released vasoconstrictors, neural factors, and circulating 

hormones and passive distension from arterial pressure, are likely to cause abnormal 
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constrictor activity of the vessel.12 

Graft failure is especially relevant in SV grafts, since the IMA displays a special feature 

compared to venous grafts, that is the relative immunity against atherosclerosis. 

Therefore, the recurrence of symptoms in patients treated with IMA conduits is mainly 

based on the progression of atherosclerosis in the native coronary arteries.76 

In contrast to the IMA grafts, the venous grafts are subject to an accelerated form of 

atherosclerosis. Three pathophysiologically linked processes form the basis of this SV 

graft disease: thrombosis, intimai hyperplasia and atherosclerosis. The three processes 

are involved in graft failure at distinct time periods of the postoperative phase. 

Thrombosis determines graft failure during the first months after CABG by acute 

occlusion, and serves as a stimulus for intimai hyperplasia. Intimai hyperplasia 

developed from I month after arterialisation only modestly compromises the lumen of 

graft, but renders the graft susceptible for atherosclerosis. After more than one year 

venous graft disease is characterised by atherosclerosis.14'21 

Thrombosis is caused by alterations in the vessel wall, blood rheology and flow 

dynamics.21 The main alteration of the vessel wall brought about by CABG is the injury 

of the endothelial monolayer (Figure 2).21.77.78 For SV the decrease in endothelial 

function results in enhanced coagulation. Fibrin is accumulated on the luminal surface, 

platelets and neutrophils are adhered, the extrinsic coagulation cascade becomes 

activated by the exposition of tissue factor, and the activity of thrombomodulin (an 

anti-thrombotic regulatory protein) is attenuated. Furthermore, denuded SV is highly 

responsive to circulating vasoconstrictor stimuli.21 Blood rheology changes during 

CABG by an increased level of factors influencing hemostasis, especially plasma 

fibrinogen.75 The altered flow dynamics to which the SV is subjected will further 

increase the risk of thrombosis. The introduction of the SV into the arterial circulation 

and the subsequent pressure-induced venodilation provoke a graft flow reduction.80 

Low fluid shear stress reduces the shear stress-dependent release of anticoagulant 

factors (tissue plasminogen activator, N O , and prostacyclin).2' 

Intimai hyperplasia involves the accumulation of SMC and extracellular matrix in the 

intimai compartment. The native vein exhibits mild intimai or medial fibrosis, whereas 

the grafted SV develops intimai thickening within 5 weeks after grafting.21 Intimai 

hyperplasia follows a pathogenic sequence. At first SMC from the media will proliferate, 

followed by their migration into the intima. Growth factors and cytokines released from 

endothelial cells, platelets, and macrophages induce these processes. Secondly, the SMC 

in the intima produce an extracellular matrix which is deposited in the intima, thereby 
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enhancing intima fibrosis, and the reduction of the number of cells.14-21 The loss of 

endothelial function does impair growth-modulation and it is one of the underlying 

factors inducing intimai hyperplasia. However, after the formation of a new endothelial 

layer, the intimai hyperplasia will progress, which indicates that other factors play a role 

in promoting intimai hyperplasia. SMC proliferation caused by ischemia-reperfusion81, 

the formation of superoxide radicals82, and the translocation of perivascular fibroblasts 

into the neointima that differentiate into myofibroblasts83 are examples of the factors 

involved. The altered flow dynamics caused by the implantation of the SV into the 

arterial circulation further stimulate intimai hyperplasia.80 A reduction in shear stress 

preceeds the enhanced production of mitogens (platelet-derived growth factor, bFGF, 

endothelin-1) and diminishes the production of growth inhibitors (transforming growth 

factor-ß, NO).80 

Atherosclerosis as reflected by atheromatous plaques in the venous grafts can be found 

one year after CABG.14'21-70 The fundamental processes of plaque formation are equal in 

comparison to atherosclerosis found in native coronary arteries. However, differences 

exist with respect to certain temporal, histological and topographic characteristics.21 

The most striking finding is the accelerated form of atherosclerosis found in venous 

grafts, that is mainly caused by endothelial dysfunction (see above).77,84 Histologically, 

the atheroma contains numerous foam and inflammatory cells indicating an immune-

mediated form of atherosclerosis.21 Furthermore, morphologically the atherosclerosis in 

vein grafts appears to be diffuse, concentric and friable compared to the focal eccentric, 

and non-friable lesions demonstrated in native coronary arteries.21 

The process of atherosclerosis may lead to lesions with clinical significant obstruction, 

whereas thrombosis in degenerated grafts (so called "late thrombosis") with advanced 

atherosclerosis may occur as well.21 

¥ actors influencing coronary artery bypass graft failure 

Patient-related factors. Several clinical trials and basic scientific publications have 

demonstrated cigarette smoking85"89, hyperlipidaemia88'90"94, hypertension21'95"97, diabetes 

mellitus98'99, female sex98'100"103, and increased plasma levels of lipoprotein (a), 

homocysteine and fibrinogen21 to be factors influencing the function and morphology 

of the vessels used as grafts and predispose to the angiographic demonstrated 

development of (venous) graft stenosis, and/or the recurrence of clinical symptoms 

(Table 6). 
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Table 6: Patient-related factors for reduced graft patency and adverse clinical outcome after CABG 

Factor Functional 4- patency Pathological t rate t late (>3y) 

changes process angina/Ml cardiac 

mortality 

CR ER 1y >3y 

Smoking87 1 Yes Yes ET/ATH/LT Yes Yes 

Hypertension94"96 T i No No NIH Yes No 

T Lipid9193103 î i No Yes ATH/LT Yes Yes 

Diabetes98 = i No Yes/No ATH Yes Yes 

Female sex101 < Yes ET Yes No 

t Lipoprotein (a) No Yes ATH 

Î Fibrinogen Yes ET/7ATH 

Î Homocystein No ?ATH 

CR = contractile responsiveness, ER = endothelium-dependent relaxation, ET — early thrombosis, NIH — neointimal 

hyperplasia, ATH = atherosclerosis, LT = late thrombosis, (adaptedfrom Motwani 1998) 

Heart failure. The number of patients with congestive heart failure (CHF) subjected to 

myocardial revascularisation is increasing.6'104 The activation of compensatory 

mechanisms such as the sympathetic nervous system and the renin-angiotensin-

aldosterone system and the subsequent changed levels of neurohumoral factors105 

induce alterations in vascular responsiveness in patients with CHF. As a consequence 

the graft patency, partially dependent on this responsiveness, might be influenced by 

these changes. In the current thesis it is for instance demonstrated in a rabbit model of 

CHF that in SV contractile responses are increased, whereas dilatory responses were 

decreased in the condition of CHF. 

Vessel-related factors. Certain intrinsic properties of saphenous vein make the blood vessel 

more sensitive to graft failure. Besides the aforementioned factors Ç'Characteristics of 

saphenous vein and internal mammary artery") ischemia due to disturbance of the vasa 

vasorum106, incomplete recovery of the endothelial function80'107 and enhanced SMC 

proliferation in SV compared with IMA108 are additive to the susceptibility to failure of 

venous grafts. 
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Surgical procedural factors. The exposure to pharmacological agents such as anaesthetics 

and cardiac stimulants applied perioperatively will influence vasoactive responses of the 

grafts (see Pharmacolgical'properties).ios>,no 

Cardiopulmonary bypass during aortocoronary bypass surgery is accompanied by a 

change in vessel wall reactivity as a result of the different circulating vasoactive 

substances, the elicited inflammatory response, and the nonpulsatile flow.111 Elevated 

levels of angiotensin II112, catecholamines113, endothelin114, thromboxane A212 during 

and after cardiopulmonary bypass have been described. Circulating angiotensin II may 

unfavourably influence the patency of bypass grafts, due to the stimulation of SMC 

proliferation.80-115 Furthermore, heparin used during cardiopulmonary bypass, may 

displace active bFGF, a potent mitogen, which subsequently may be preferentially 

deposited on injured vessel wall, thus contributing to the pathogenesis of restenosis.116 

As mentioned previously the surgical manipulation of the vessel influences the 

functional properties of the SV and IMA. Rough dissection techniques, excessive 

distension, low storage temperatures and the composition of solutions used for 

irrigation and storage have all been implicated in damaging the endothelium of SV grafts 

(this thesis).39.78 In addition, vascular SMC vasoactive responses might be influenced by 

the aforementioned factors. Responses to depolarisation and a-adrenoceptor 

stimulation were reduced in harvested, distended vein segments.117.118 The type of 

manipulation was not decisive for the demonstrated injury of SV (this thesis) and 

IMA119. The exposure to cold preservation and/or cardioplegic solutions of SV and to a 

lesser extent IMA, during the harvest and prior to implantation might alter vascular 

SMC responsiveness as well (this thesis).37.78 Other surgery-related predisposing factors 

for graft failure, although controversial, are the diameter of the grafted coronary artery, 

the type of grafted coronary artery120, and the severity of the proximal stenosis 

bypassed121. Furthermore, the manifestation of vasospasm might depend on the 

segments of the vessel used, since segmental differences in contractility of SV and IMA 

exists.12-122 

As described previously, the placement of the SV into the arterial circulation will disturb 

the balance of factors influencing hemostasis and SMC proliferation.21.84 In addition the 

responsiveness of the SV might alter under arterial pressure.123 

Harvesting techniques 

Saphenous vein harvesting is usually performed through a longitudinal lower extremity 

incision. This open technique can result in wound complications that may occur in 1% 
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to 44% of the patients.124 Commonly reported leg wound complications include 

dermatitis, cellulitis, greater saphenous vein neuropathy, chronic non-healing wounds 

and lymphocele.124 Major wound complications requiring surgical treatment are rare. 

The occurrence of wound complications is correlated with risk factors such as female 

gender, diabetes, peripheral vascular disease and the need for an intraaortic balloon 

pump (IABP).124 

Newer techniques utilising minimally invasive harvesting have been developed to reduce 

the postoperative wound complications. The skin-bridging techniques described include 

the venectomy by using a standard bridge technique125, mediastiniscope-39'126, retractor 

coupled to a light source-127, Mayo stripper-128, or endoscope-assisted techniques 

39,125,129-136 T^g initial reports demonstrate clinical benefit due to a decrease in wound 

complications, early mobilisation, and reduced hospital stay. 125,127,129,131-133 j n addition 

to the clinical benefit, it has been shown that the vein quality is not impaired. 

Histological studies have shown that the injury of the endothelium is comparable to that 

of SV segments dissected by the conventional method. 130,131,135 Functional studies 

provide evidence for an abnormal, however comparable endothelial function39-130, and a 

normal vascular SMC responsiveness (this thesis).39 

Strategies to improve long-term outcome of bypass grafts 

General 

Arterial bypass conduits display a much better long-term outcome than venous grafts. 

Theoretical reasons for the better performance of arterial grafts are their structure and 

endothelial function that make them more suitable coronary bypass grafts, conferring 

favourable flow characteristics, the ability to adapt to changes in myocardial oxygen 

demand and resistance to atherosclerosis. To improve clinical outcome after CABG the 

use of arterial grafts should be stimulated. However, the arterial supply is not always 

sufficient for complete myocardial revascularisation and revascularisation by the use of 

arteries cannot be performed in 30% of the patients.137 Therefore, saphenous vein graft 

performances should be enhanced by strategies that will be discussed below. 

Riskfactors 

Only 15-25 % of patients with CABG or PTCA undergo risk factor management.72'138 

In a recent survey in Europe in patients 6 months after an intervention or myocardial 

infarction, it was shown that 19% continued to smoke, 53% had an elevated blood 

pressure, 44% had high levels of cholesterol and 25% were obese.139 
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A marked reduction in risk for mortality, myocardial infarction and/or reintervention 

can be realised by the cessation of smoking.85.89 Pharmacological intervention can 

reduce the long-term incidence of fatal and nonfatal cardiac events, as shown for 

aggressive lipid-lowering, and antiplatelet aggregation therapy in several trials.21-140'141 

Antiplatelet aggregation agents, such as aspirine, indomethacin and ticlopidine, exhibit 

beneficial effects on graft patency and clinical outcome during the first postoperative 

year, when commenced no later than one day after surgery.21 Oral anticoagulants 

administered postoperatively were demonstrated to cause some reduction of long-term 

mortality. Since the explanation for this observation remains to be elucidated, the use of 

oral anticoagulants is controversial.140-142 

Operation , 

To minimise the injury to the grafts' vessel wall during aortocoronary bypass surgery, 

certain measures can be taken. "No touch" dissection8 together with the prevention of 

vein spasm, that allows gentle distension of the SV, is the first step. The prevention of 

vein spasm can be achieved by pharmacological relaxation during its dissection.12.143 The 

topical and intraluminal application during the harvest, and addition to the bathing 

solution are all routes for introducing the vasodilator substance. Prevention of spasm 

and morphological preservation of the wall integrity can be achieved by using 

papaverine.8 Early postoperative graft patency was improved by this strategy.144 A 

glyceryl trinitrate-verapamil containing solution proved superior to papaverine in 

preserving the endothelium.145 In addition, a solution with the lipophilic calcium 

antagonist lacidipine was able to prevent spasm for more than 24 hours (this thesis). 

Besides the prevention of spasm, CA (and ACE-inhibitors) have proven to exert a 

beneficial influence on the endothelium and to possess anti-atherogenic properties as 

well.146 

When vein integrity is evaluated morphologically, the solutions used to distend and 

store the vein during the operation, should preferably be kept at room temperature.147 

The experiments testing the functional properties of SV in the present investigation, 

demonstrate no alteration in functional properties after storage at 4°C in the solutions 

used at present during CABG. The composition of the solutions used to irrigate and 

store the veins is another point of attention. Blood may be an adequate preservation 

medium, although the platelets and leukocytes possibly interact with the endothelium. 

Balanced electrolyte solution or even culture medium, or organ preservation solutions 

might be an alternative. Saline, however, causes serious morphological and functional 

damage to the SV. Also the composition of the cardioplegic solution for reinfusion after 

anastomosis, must be considered in this respect (this thesis).78 
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Potential strategies 

The understanding of vein graft failure has stimulated the development of approaches 

to counteract specific pathogenic mechanisms. Gene therapy by gene transfer of 

replication-defective adenoviral vectors or plasmid liposome vectors, encoding a soluble 

inhibitory form of vascular cell adhesion molecule-1 (VCAM-1), endothelial nitric oxide 

synthase148, antisense oligonucleotides149, or tissue inhibitor of metalloproteinase-3150 

has proven successful in animal models or cultured human veins. Synthetic grafts, that 

have thus far demonstrated low patency rates because of early thrombotic occlusion, are 

a target for genetic modulation as well.151 Other fields of intervention preventing 

venous graft failure currently under investigation are for instance: platelet-selective N O -

donors (S-nitrosogluthation), modulation of growth factors (bFGF, VEGF), tissue 

factor antagonism, and external stenting.21 



30 Introduction 

References 

1. Favaloro RG. Critical analysis of coronary artery bypass graft surgery: a 30-year journey. J Am Coll 

C«n&>/1998;31(4supplB):lB-63B. 

2. Shrager JB. The Vineberg procedure: the immediate forerunner of coronary artery bypass grafts. 

Ann Thome Surg 1994;57:1354-64. 

3. Garrett HE, Dennis EW, DeBakey ME. Aortocoronary bypass with saphenous vein graft. JAMA. 

1973;233(7):792-4. 

4. Green GE, Stertzer SH, Reppert EH. Use of internal mammary artery in myocardial 

revascularisation. Ann Thome Surg 1988;45:453-4. 

5. Loop FD, Lyde BW, Cosgrove DM et al. Influence of the internal-mammary-artery graft on 10-year 

survival and other cardiac events. N Eng]Med 1986;314(l):l-6. 

6. Abramov D, Tamariz MG, Fremes SE, et al. Trends in coronary artery bypass surgery results: a 

recent 9-years study. ^1»« Thorac Surg 2000;70:84-90. 

7. De Mol BAJM, Kallewaard M, Lewin F, Van Gaaien GL, Van Den Brink RBA. Single-institution 

effectiveness assessment of open-heart surgery in octogerians. Eur J Cardio-Thor Surg 1997;12:285-

90. 

8. Haudenschild CC, Gould KE, Quist WC, LoGerfo FW. Protection of endothelium in vessel 

segments excised for grafting. Circulation 1981;64(Suppl 2):101-7. 

9. He G-W, Angus JA, Rosenfeldt FL. Reactivity of the canine isolated internal mammary artery, 

saphenous vein, and coronary artery to constrictor and dilator substances: relevance to coronary 

bypass graft surgery. J Cardiovasc Pharmacol 1988;12:12-22. 

10. Jett GK, Arcidi JM, Dorsey LMA, Hatcher Jr, CR, Guyton RA. Vasoactive drug effects on blood 

flow in internal mammary artery and saphenous vein grafts. / Thoracic Cardiovasc Surg 1987;94:2-l 1. 

11. McCormick JR, Kaneko M, Baue AE, Geha AS. Blood flow and vasoactive drug effects in internal 

mammary and venous bypass grafts. Circulation 1975;51(Suppl I):T72-80. 

12. Rosenfeldt FL, He G-W, Buxton BF, Angus JA. Pharmacology of coronary artery bypass grafts. 

Ann Thorac Surg 1999;67:878-88. 

13. Cross KS, Davies MG, El-Sanadiki MN, Murray JJ, Mikat EM, Hagen P-O. Long-term human vein 

graft contractility and morphology: a functional and histopathological study of retrieved coronary 

vein grafts. Br J Surg 1994;81:699-705. 

14. Cox JL, Chiasson DA, Gotlieb AI. Stranger in a strange land: the pathogenesis of saphenous vein 

graft stenosis with emphasis on structural and functional difference between arteries and veins. Prog 

Cardiovasc Dis 1991;34:45-68. 

15. Thiene G, Miazzi P, Valsecchi M, et al. Histological survey of the saphenous vein before its use as 

autologues aortocoronary bypass graft. Thorax 1980;35:519-22. 



Chapter! 31 

16. Benjamin N, Vallance P. Local control of human peripheral vascular tone: implications for drug 

therapy. Clin Science 1991;80:183-90. 

17. Kojda G, Ptazner M, Hacker A, Noack E. Nitric oxide inhibits vascular bioactivation of glyceryl 

trinitrate: a novel mechanism to explain preferential venodilation of organic nitrates. Mol Pharmacol 

1998;53:547-54. 

18. De Mey JG, Vanhoutte PM. Heterogeneous behavior of the canine arterial and venous wall. 

Importance of the endothelium. CircRes 1982;51:439-47. 

19. Thulesius O, Ugaily-Thulesius L, Negleb P, Shuhaiber H. The role of the endothelium in the 

control of venous tone: studies on isolated human veins. Clin Physiol 1988;8:359-66. 

20. Canham PB, Finlay HM, Boughner DR. Contrasting structure of the saphenous vein and internal 

mammary artery used as coronary bypass vessels. Cardiovasc Res 1997;34(3):557-67. 

21. Motwani JG, Topoi EJ. Aortocoronary saphenous vein graft disease. Pathogenesis, predisposition, 

and prevention. Circulation 1998;97:916-31. 

22. Yang ZH, Stulz P, Von Segesser L, Bauer E, Turina M, Lüscher TF. Different interactions of 

platelets with arterial and venous coronary bypass vessels. Lancet 1991;337(8747):939-43. 

23. Yang Z, Ruschitzka F, Rabelink TJ, et al. Different effect of thrombin receptor activation on 

endothelium and smooth muscle cells of human coronary bypass vessels: implications for venous 

bypass graft failure. Circulation 1997;95:1870-6. 

24. Larson RM, Hagen PO, Fuchs JCA. Lipid biosynthesis in arteries, veins and venous grafts. 

Circulation 1974;50(Suppl IH):III-139. 

25. Gavin KT, Colgan M-P, Moore D, Shannik G, Docherty JR. a2c-Adrenoceptors mediate contractile 

responses to noradrenaline in the human saphenous vein. Naunyn-Schmiedeberg's Arch Pharmacol 

1997;355:406-11. 

26. Rudner XL, Berkowitz DE, Booth JV et al. Subtype specific regulation of human vascular CXi-

adrenergic receptors by vessel bed and age. Circulation 1999;100:2336-43. 

27. He G-W, Shaw J, Hughes CF et al. Predominant ai-adrenoceptor mediated contraction in the 

human internal mammary artery. J Cardiovasc Pharmacol'1993; 21: 256-63. 

28. Weinstein JS, Grossman W, Weintraub RM, Thurer RL, Johnson RG, Morgan KG. Differences in 

a-adrenergic responsiveness between human internal mammary arteries and saphenous veins. 

Circulation 1989;79:1264-70. 

29. Brody TM, Garrison JC. Sites of action: receptors. In: Human pharmacology. Molecular to clinical. 

St. Louis, U.S.A.: Mosby-Year Book, Inc.;l 998:9-27. 

30. Uydes-Dogan BS, Nebigil M, S-Aslamaci MD, Onuk E, Kanzik I, Akar F. The comparison of 

vascular reactivities of arterial and venous grafts to vasodilators: management of graft spasm. Int J 

Cardiol 1996;53:137-45. 



32 Introduction 

31. He G-W, Rosenfeldt F, Buxton B, Angus JA. Reactivity of human isolated internal mammary artery 

to constrictor and dilator agents. Implications for treatment of internal mammary artery spasm. 

Circulation 1989;80(Suppl):I-141-50. 

32. Verbeuren TJ, Lorenz RR, Aarhus LL, Shepherd JT, Vanhoutte PM. Prejunctional beta-

adrenoceptors in human and canine saphenous veins. J Aut Nervous Syst 1983;8:261-71. 

33. Cracowski J-L, Stanke-Labesque F, Chavanon O, et al. Vasorelaxant actions of enoximone, 

dobutamine, and the combination on human arterial coronary bypass grafts. J Cardiovasc Pharmacol 

1999;34:741-8. 

34. Borland JAA, Chester AH, Crabbe S, Parkerson JB, Cattavas JD, Yacoub MH. Differential action 

of angiotensin II and activity of angiotensin-converting enzyme in human bypass grafts. / Thorac 

Cardiovasc Surg 1998;116(2):206-12. 

35. Li Q, Feenstra M, Pfaffendorf M, Eijsman L, Van Zwieten PA. Comparative vasoconstrictor effects 

of angiotensin II, III, and IV in human isolated saphenous vein. J Cardiovasc Pharmacol 1997;29:451-

6. 

36. Pate MA, Chester AH, Crabbe DST et al. Characterisation of constrictor endothelin receptors in 

the human internal thoracic artery and saphenous vein./ Cardiovasc Pharmacol 1999;33:567-72. 

37. Harker CT, Taylor LM Jr, Porter JM. Vascular contractions to serotonin are augmented by cooling. 

] Cardiovasc Pharmacol 1991;18:791-6. 

38. Vanhoutte PM. How to assess endothelial function in human blood vessels. J Hypertens 

1999;17:1047-58. 

39. Rinia-Feenstra M, Stooker W, De Graaf R et al. Functional properties of the saphenous vein 

harvested by minimally invasive techniques. Ann Thorac Surg 2000;69:1116-20. 

40. Thorin-Trescases N, Dimitri WR, Dominiczak AF, Hamilton CA, Reid JL. Vasorelaxant properties 

of isolated human internal mammary arteries and saphenous veins: comparative effects of milrinone 

and sodium nitroprusside. J Cardiovasc Pharmacol 1993;22:673-80. 

41. Stanke F, Cracowski J-L, Chavanon O, et al. Glibenclamide inhibits thromboxane A2-induced 

contraction in human internal mammary artery and saphenous vein. Bur] Pharmacol 1999;341:65-71. 

42. Van Zwieten PA, De Jong AP. Cardiovascular drugs. In: Van Zwieten PA, Eijsman L. Drug therapy 

in cardiovascular surgery. Alphen a/d Rijn, The Netherlands: Van Zuiden Communications 

B.V.;1997:1-18. 

43. Lüscher TF, Diederich D, Siebenmann R et al. Difference between endothelium-dependent 

relaxation in arterial and venous coronary bypass grafts. N Eng] Med 1988;319(8):462-7. 

44. Hermsmeyer K, Mishra S, Miyagawa K, Minshall R. Physiologic and pathophysiologic relevance of 

T-type calcium-ion channels: potential indications for the T-type calcium antagonist. Clin Ther 

1997;19:S18-26. 

45. Tsien RW, Ellinor PT, Zhang JF, Bezprozvanny I. Molecular biology of calcium channels and 

structural determinants of key functions./ Cardiovasc Pharmacol 1996;27:S4-\0. 



Chapter 1 33 

46. Burnstock G, Ralevic V. New insights in the local regulation of blood flow by perivascular nerves 

and endothelium. Br] Plast Surg 1994;47:527-43. 

47. Triggle DJ. Cardiovascular T-type calcium channels: physiological and pharmacological significance. 

JHypertens 1997;15(Suppl 5):S9-15. 

48. Van der Lee R, Pfaffendorf M, De Mey JPG, Van Zwieten PA. Inhibitory effect of mibefradil on 

contractions induced by sympathetic neurotransmitter release in the rat tail artery. Naunyn-

Schmiedeberg's Arch Pharmacol 2000;361:74-9. 

49. Triggle DJ. The classification of calcium antagonists./ Cardiovasc Pharmacol \996:27(Suppl A):S11-16. 

50. Mishra SK, Hermsmeyer K. Selective inhibition of T-type Ca2+ channels by Ro 40-5967. Circ Res 

1994;75:144-8. 

51. Schulz R, Post H, Jalowy A et al. Unique cardioprotective action of the new calcium antagonist 

mibefradil. Circulation 1999;99:305-11. 

52. Leonetti G. Clinical position of lacidipine, a new dihydropyndine calcium antagonist, in the 

treatment of hypertension. J Cardiovasc Pharmacol 1991;29(Suppl 1):S18-21. 

53. Micheli D, Ratti E, Goson G, Gaviraghi G Pharmacology of lacidipine, a vascular-selective calcium 

antagonist, ƒ Cardiovasc Pharmacol \99\;\l(Supp\ 4):Sl-8. 

54. Pfaffendorf M, Mathy M-J, Van Zwieten PA. In vitro effects of nifedipine, nisoldipine, and 

lacidipine on rat isolated coronary small arteries./ Cardiovasc Pharmacol 1993;21:496-502. 

55. Van der Lee R, Pfaffendorf M, Van Zwieten PA. Differential time course of the vasodilator action 

of various calcium antagonists. Fund Clin Pharmacol 1998;12:607-12. 

56. Roubos N, Rosenfeldt FL, Richards SM, Conyers RA, Davis BB. Improved preservation of 

saphenous vein grafts by the use of glyceryl trinitrate-verapamil solution during harvesting. 

Circulation 1995;92(9 Suppl):II31-6. 

57. Shapira OM, Xu A, Vita JA et al. Nitroglycerin is superior to diltiazem as a coronary bypass conduit 

vasodilator, ƒ Thorac Cardiovasc Surg 1999;117(5):906-11. 

58. Fleckenstein-Grün G. Calcium antagonism in vascular smooth muscle cells. Pflügers Arch-Eur J 

Physiol \996;432:R53-60. 

59. Huntress JD, Papadakos PJ. The role of calcium-channel antagonists in solid organ transplantation. 

New Horions 1996;4(l):129-33. 

60. Munro E, Patel M, Betteridge L et al. Effect of calcium channel blockers on the growth of human 

vascular smooth muscle cells derived from saphenous vein and vascular graft stenoses. J Cardiovasc 

Pharmacol 1994;23:779-84. 

61. Schmitt R Clozel J-P, Iberg N, Bühler FR. Mibefradil prevents neointima formation after vascular 

injury in rats. Arterioscler Thromh Vase Biol 1995;15:1161-5. 

62. Apostodilou IA, Despotis GJ, Hogue CW Jr, et al. Antiischemic effects of nicardipine and 

nitroglycerin after coronary artery bypass grafting. Ann Thorac Surg 1999;67(2):471-22. 



J 4 Introduction 

63. Seitelberger R, Hannes W, Gleichauf M, Keilich M, Christoph M, Fasol R. Effects of diltiazem on 

perioperative ischemia, arrhytrmas, and myocardial function in patients undergoing elective 

coronary bypass grafting. J Thome Cardiofasc Surg 1994;107(3):811-21. 

64. He G-W, Acuff TE, Ryan WH, et al. Inhibitory effects of calcium-antagonists on alpha-

adrenoceptor-mediated contraction in human internal mammary artery. Br J Clin Pharmacol 

1994;37(2):173-9. 

65. Wall FA, Greenidge E, Tugwell AC. Effect of verapamil on the contractions produced by high 

potassium and by noradrenaline in human isolated saphenous vein. Ada Physiol Hung 

1988;72(1):115-21. 

66. Magnon M, Gallix P, Cavero I. Intervessel (arteries and veins) and heart/vessel selectivities of 

therapeutically used calcium entry blockers: variable, vessel-dependent indexes. J Pharmacol Exp Ther 

1995;275:1157-66. 

67. Maguire JJ, Davenport AP. Endothelin receptor expression and pharmacology in human saphenous 

vein graft. Br] Pharmacol 1999;126:443-50. 

68. Berglund H, Luo H, Nishioka T, et al. Preserved vasodilatory response to nitroglycerin in 

saphenous vein bypass grafts. Circulation 1996;94:2871-6. 

69. Campeau L, Crochet D, Lespérance J, Bourassa MG, Grondin CM. Postoperative changes in 

aortocoronary saphenous vein grafts revisited. Angiographic studies at two weeks and at one year in 

two series of consecutive patients. Circulation 1975;52:369-77. 

70. Veldkamp RF, Valk SDA, Van Domburg RT, Van Herwerden LA, Meeter K. Mortality and repeat 

interventions up until 20 years after aorto-coronary bypass surgery with saphenous vein grafts. A 

follow-up study of 1041 patients. Eur Heart J 2000;21:747-53. 

71. Fitzgibbon GM, Kafka HP, Leach AJ, Keon WJ, Hooper D, Burton JR. Coronary bypass graft fate 

and patient outcome: angiographic follow-up of 5065 grafts related to survival and reoperation in 

1388 patients during 25 years. J Am Coll Cardiol \996;28(3):616-26. 

72. De Feyter PJ. The fatal attraction of saphenous vein bypass grafts. Eur Heart J 2000;21:697-8. 

73. Barner HB, Barnett MG. Fifteen- to twenty-one-year angiographic assessment of internal thoracic 

artery as a bypass conduit. Ann Thorac Surg 1994;57:1526-8. 

74. Ivert T, Huttunen K, Landou C, Björk VO. Angiographic studies of internal mammary artery grafts 

11 years after coronary artery bypass grafting. / Thorac Cardwvasc Surg 1988;96:1-12. 

75. Boylan MJ, Lytle BW, Loop FD, et al. Surgical treatment of isolated left anterior descending 

coronary artery stenosis: comparison of left internal mammary artery and venous autograft at 18 

and 20 years of follow up. ] Thorac Caräovasc Surg 1994;107:657-62. 

76. Loop FD. Internal-thoracic-artery grafts. Biologically better coronary arteries. N Eng J Med 

1996;334(4):263-5. 

77. Verner ED, Morgan EN. Endothelial response to cardiopulmonary bypass surgery. Ann Thorac Surg 

1998;66:S17-9. 



Chapter 1 35 

78. Zilla P, Von Oppell U, Deutsch M. The endothelium: a key to the future. J Card Surg 1993;8:32-60. 

79. Moor E, Hamsten A, Blombac M, Herzfeld I, Wiman B, Ryden L. Haemostatic factors and 

inhibitors and coronary artery bypass grafting: preoperative alteradons and relations to graft 

occlusion. Thromb Haemost 1994;72:356-61. 

80. Allaire E, Clowes AW. Endothelial injury in cardiovascular surgery: the intimai hyperplastic 

response. Ann Thome Surg 1997;63:582-91. 

81. Boyle EM Jr. Pohlman TH, Cornejo CJ, Verrier ED. Endothelial cell injury in cardiovascular 

surgery: ischemia-reperfusion. ^4»« Thorac Surg 1996;62:1868-75. 

82. Rao GN, Berk BC. Active oxygen species stimulate vascular smooth muscle cell growth and proto-

oncogene expression. CircRes 1992;70:593-9. 

83. Shi Y, O'Brien JE, Mannion JD et al. Remodelling of autologues vein grafts. The role of 

perivascular myofibroblasts. Circulation 1997;95:2684-93. 

84. Boyle EM Jr, Lille ST, Allaire E, Clowes AW, Verrier ED. Endothelial injury in cardiovascular 

surgery: atherosclerosis. ^4«» Thorac Surg 1997;63:885-94. 

85. Cavender JB, Rogers WJ, Fisher LD, Gersh BJ, Coggin CJ, Myers WO. Effects of smoking on 

survival and morbidity in patients randomised to medical or surgical therapy in the Coronary Artery 

Surgery Study (CASS): 10 year follow up. J Am Coll Cardiol 1992;20:287-94. 

86. Fitzgibbon GM, Leach AJ, Kafka HP. Atherosclerosis of coronary artery bypass grafts and 

smoking. Can Med Assoc J 1987;136:45-7. 

87. Higman DJ, Strachan AMJ, Powell JT. Reversibility of smoking-induced endothelial dysfunction. Br 

J Surg 1994;81:977-8. 

88. Neitzel GF, Barboriak JJ, Pintar K, Qureshi I. Atherosclerosis in aortocoronary bypass grafts: 

morphologic study and risk factor analysis 6 to 12 years after surgery. Arteriosclerosis 1986;6:594-600. 

89. Voors AA, Van Brussel BL, Plokker HWM,et al. Smoking and cardiac events after venous coronary 

bypass surgery. A 15-year follow-up study. Circulation 1996;93:42-7. 

90. Campeau L, Enjalbert M, Lespérance J, et al. The relation of risk factors to the development of 

atherosclerosis in saphenous vein bypass grafts and the progression of disease in the native 

circulation: a study 10 years after aortocoronary bypass surgery. N Eng] Med 1984;311:1329-32. 

91. Lewis TV, Cooper BA, Dart AM, Chin-Dusting JPF. Responses to endothelium-dependent agonists 

in subcutaneous arteries excised from hypercholestrolaemic men. Br J Pharmacol 1998;124:222-8. 

92. Van Brussel BL, Plokker T, Ernst SMPG, et al. Venous coronary artery bypass surgery: a 15-year 

follow-up study. Circulation 1993;88:87-92. 

93. Voors AA, Oosterga M, Buikema H, et al. Dyslipidaemia and endothelium-dependent relaxation in 

internal mammary arteries used for coronary bypass surgery. Cardiovasc Res 1997;34:568-74. 

94. Zhao L, Tackett RL. Oxidized low-density lipoprotein inhibits acetylcholine-induced vasorelaxation 

and increases 5-HT-induced vasoconstriction in isolated human saphenous vein. J Pharmacol Exp 

Ther 1998;284:637-43. 



36 Introduction 

95. Herlitz J, Brandrup-Wognsen G, Karlson BW et al. Mortality, risk indicators, mode and place of 

death and symptoms of angina pectoris in the five years after coronary artery bypass grafting in 

patients with and without a history of hypertension. Blood Pressure 1999;8:200-6. 

96. Milesi V, Rebolledo A, Paredes FA et al. Mechanical properties of human saphenous veins from 

normotensive and hypertensive patients. Ann Thome Surg 1998;66:455-61. 

97. Vanhoutte PM, Boulanger CM. Endothelium-dependent responses in hypertension. Hypertens Res 

1995;18:87-98. 

98. Cameron AA, Davis KB, Rogers WJ. Recurrence of angina after coronary artery bypass surgery: 

predictors and prognosis (CASS Registry), J Am Coll Cardiol'1995;4:895-9; 

99. Karasu Ç, Soncul H, Altan VM. Effects of non-insulin dependent diabetes mellitus on the reactivity 

of human internal mammary artery and human saphenous vein. Life Sciences 1995;57(2):103-12. 

lOO.Davis KB, Chairman B, Ryan T, Bittner V, Kennedy JW. Comparison of 15-year survival for men 

and women after initial medical or surgical treatment for coronary artery disease: a CASS registry 

study. ]Am CollC«rafo/1995;25(5):1000-9. 

lOl.Dignan RJ, Yeh Jr T, Dyke CM, Lutz HA, Wechsler AS. The influence of age and sex on human 

internal mammary artery size and reactivity. ^4»» Thorac Surg 1992;53(5):792-7. 

102,Ergul A, Shoemaker K, Puett D, Tackett RL. Gender differences in the expression of endothelin 

receptors in human saphenous veins in vitro. / Pharmacol Exp Ther 1998;285:511-7. 

103.Loop FD, Golding LR, MacMillan JP, Cosgrove DM, Lytle BW, Sheldon WC. Coronary artery 

surgery in women compared with men: analyses of risks and long-term results. J Am Coll Cardiol 

1983;1:383-90. 

104.Marwick TH, Zuchowski C, Lauer MS, Secknus MA, Williams J, Lyde BW. Functional status and 

quality of life in patients with heart failure undergoing coronary bypass surgery after assessment of 

myocardial viability. J Am Coll Cardiol 7PPP;33(3):750-8. 

lOS.Van Zwieten PA, Lie KL. Neuroendocrine compensatory mechanisms as a target a target for the 

drug treatment of congestive heart failure. Cardiologie 1994;1:311-20. 

lOó.Ohta O. Kusaba A. Development of vasa vasorum in the arterially implanted autovein bypass graft 

and its anastomosis in the dog. Int Angiol 1997;16:197-203. 

107.Bush HL Jr, Jakubowski JA, Curl GR, Deykin D, Nabseth DC. The natural history of endothelial 

structure and function in arterialised vein grafts, ƒ Vase Surg 1986;3:204-15. 

108.Yang Z, Oemar BS, Carrel T, Kipfer B, Julmy F, Lüscher TF. Different proliferative properties of 

smooth muscle cells of human arterial and venous bypass vessels. Role of PDGF receptors, 

mitogen-activated protein kinase, and cyclin-dependent kinase inhibitors. Circulation 1998;97:181-7. 

109.Lobato EB, Urdaneta F, Martin TD, Gravenstein N. Effects of milrinone versus epinephrine on 

grafted internal mammary artery flow after cardiopulmonary bypass. / Cardiothor Vase Anest 

2000;14(1):9-11. 



Chapter 1 ?j 

llO.Muldoon SM, Vanhoutte PM, Lorenz RR, Van Dyke RA. Venomotor changes caused by halothane 

acting on the sympathetic nerves. Anesthesiology 1975;43(l):41-8. 

m.Boyle EM jr, Pohlman TH, Johnson MC, Verrier ED. Endothelial cell injury in cardiovascular 

surgery: the systemic inflammatory response. Ann Thorac Surg 1997;63:277-84. 

112.Taylor KM, Bain WH, Rüssel M, Brannan JJ, Mortor Ij. Peripheral vascular resistance and 

angiotensin II levels during pulsatile cardiopulmonary bypass. Thorax 1979;34:594-8. 

m.Reves JG, Karp RB, Buttner EE et al. Neuronal and adrenomedullary catecholamines release in 

response to cardiopulmonary bypass in man. Circulation 1982;66(l):49-55. 

114.Verrier ED, Boyle EM jr. Endothelial cell injury in cardiovascular surgery. Ann Thorac Surg 

1996;62:915-22. 

HS.Barker JE, Anderson j , Treasure T, Piper PJ. Influence of endothelium and surgical preparation on 

responses of human saphenous vein and internal thoracic artery to angiotensin II. J Clin Pharmac 

1994;38:57-62. 

lló.Medalion B, Merin G, Aingorn H et al. Endogenous basic fibroblast growth factor displaced by 

heparin from the luminal surface of human blood vessels is preferentially sequestered by injured 

regions of the vessel wall. Circulation 1997;95:1853-62. 

m.Chester AH, Buttery LD, Borland JA, et al. Structural, biochemical and functional effects of 

distending pressure in the human saphenous vein: implicaüons for bypass grafting. Cor Art Dis 

1998;9(2-3):143-51. 

m .Dhe in S, Reiss N, Gerwin R, et al. Endothelial function and contractility of human vena saphena 

magna prepared for aortocoronary bypass grafting. Thorac Cardiovasc Surgeon 1991;39:66-9. 

119.Deja MA, Wos S, Golba KS, et al. Intraoperative and laboratory evaluation of skeletonized versus 

pedicled internal thoracic artery. Ann Thorac Surg 1999;68:2164-8. 

120.Cataldo G, Braga M, Pirotta N, Lavezarn M Rovelli F, Marubini E. Factors influencing 1-year 

patency of coronary artery saphenous vein grafts: Studio Indobufene nel Bypass Aortocoronarico 

(SINBA). Circulation 1993;88(Suppl H):II-93-8. 

121,Cosgrove DM, Loop FD, Saunders CL, Lytle BW, Kramer JR. Should coronary arteries with less 

than fifty percent stenosis be bypassed? / Thorac Cardiovasc Surg 1981;82:520-30. 

122.He G-W, Acuff TE, Yang C-Q, Ruan WH, Mack MJ. Middle and proximal sections of the human 

internal mammary artery are not "passive conduits". J Thorac Cardiovasc Surg 1993;106:406-11. 

123.Eguchi D, Nishimura J, Kobayashi S, Komon K, Sugimach K, Kanaide H. Down-regulation of 

endothelin B receptors in autogenous saphenous vein into the arterial circulation. Cardiovasc Res 

1997;35(2)360-7. 

124.Paletta CE, Huang DB, Fiore AW, Swam MT, Rüloraza FL, Gardner JE. Major leg wound 

complications after saphenous vein harvest for coronary revascularization. Ann Thor Surg 

2000;70:492-7. 



38 Introduction 

125.Horvath KD, Gray D, Benton L, Hill J, Swanstrom LL. Operative outcomes of minimally invasive 

saphenous vein harvest. Am]Surg 1998;175:391-5. 

126.Cusimano RJ, Dale L, Butany JW. Minimally invasive cardiac surgery for removal of the greater 

saphenous vein. Can] Surg 1996;39:386. 

127.Tevaearai HT, Mueller XM, Von Segesser LK. Minimally invasive harvest of the saphenous vein for 

coronary artery bypass grafting. ^1»« Thorac Surg 1997;63:S 119-21. 

128.0'Regan DJ, Borland JA, Chester AH, Peneil DJ, Yacoub M, Pepper JR. Assessment of human 

long saphenous vein function with minimally invasive harvesting with the Mayo stripper. Eur J 

Cardiothorac Surg 1997;12:428-35. 

129.Allen KB, Griffith GL, Heimansohn DA, et al. Endoscopic versus traditional saphenous vein 

harvesting: a prospective, randomised trial. Ann Thorac Surg 1998;66:26-32. 

130.Cable DG, Dearani JA, Pfeifer EA, Daly RC, Schaff HV. Minimally invasive saphenous vein 

harvesting: endothelial integrity and early clinical results. Ann Thorac Surg 1998;66:139-43. 

131.Crouch JD, O'Hair DP, Keuler JP, Barrag)' TP, Werner PH, Kleinman LH. Open versus 

endoscopic saphenous vein harvesting: wound complications and vein quality. ^4»» Thor Surg 

1999;68:1513-6. 

132.Davis Z, Jacobs HK, Zhang M, Thomas M, Thomas C, Castellanos Y. Endoscopic vein harvest for 

coronary artery bypass grafting: technique and outcomes. J Thorac Cardiovasc Surg 1998;116:228-35. 

133.Hayward TZ, Hey LA, Newman LL, et al. Endoscopic versus open saphenous vein harvest: the 

effect on postoperative outcomes.^»« Thorac Surg 1999;68:2107-11. 

134.Lumsden AB, Eaves III FF, Ofenloch JC, Jordan WD. Subcutaneous, video-assisted saphenous 

vein harvest: report of the first 30 cases. Cardiovasc Surg 1996;4(6):771-6. 

135.Meyer DM, Rogers TE, Jessen ME, Estrera AS, Chin AK. Histologic evidence of the safety of 

endoscopic saphenous vein graft preparation. ^4»» Thor Surg 2000;70:487-91. 

136.Morris RJ, Butler MT, Samuels LE. Minimally invasive saphenous vein harvesting. Ann Thor Surg 

1998;66:1026-8. 

137.Morris JJ, Smith LR, Glower DG, et al. Clinical evaluation of single vs multiple mammary artery 

bypass. Circulation 1990;82(SupplIH):III37-52. 

138.De Gould KL. Reversal of coronary atherosclerosis. Clinical promise as the basis for non-invasive 

management of coronary artery disease. Circulation 1994;90:1558-71. 

139.EUROASPIRE. A European Society of Cardiology survey of secondary prevention of coronary 

heart disease: principal results. EUROASPIRE Study Group. European Action on Secondary 

Prevention through Intervention to Reduce Events. Eur Heart] 1997;18:1569-82. 

140.Knatterud GL, Rosenberg Y, Campeau L, et al. Long-term effects on clinical outcomes of 

aggressive lowering of low-density lipoprotein cholestrol levels and low-dose anticoagulation in the 

Post Coronary Artery Bypass Graft Trial. Circulation 2000;102:157-65. 



Chapter 1 39 

141.Sacks FM, Pfeffer MA, Moye LA, et al. for the Cholestrol, And Recurrent Events trial investigators. 

The effect of pravastatin on coronary events after myocardial infarction in patients with average 

cholestrol levels (CARE). N Eng]Med 1996;335:1001-9. 

142.Waters DD, Azar RR. Postscripts from the Post Coronary Artery Bypass Graft Trial. The sustained 

benefit of more aggressive cholestrol lowering and the enigma of low-dose anticoagulation. 

Circulation 2000;102:144-6. 

143.He G-W, Rosenfeldt FL, Angus JA. Pharmacological relaxation of the saphenous vein during 

harvesting for coronary bypass grafting. Australas] Cardiac Thorac Surg 1993;2:136-9. 

144.Catinella FP, Cunningham JN, Srungaram RK, et al. The factors influencing early patency of 

coronary artery bypass vein grafts, ƒ Thorac CardiovascSurg 1982;83:686-700. 

145.Roubos N, Rosenfeldt FL, Richards SM, Conyers RAJ, Davis BB. Improved preservation of 

saphenous vein grafts by the use of glyceryl trinitrate-verapamil solution during harvesting. 

Circulation 1995;92:II-31-6. 

146.Verhaar MC, Rabelink TJ. Endothelial function: strategies for early intervention. Cardiovasc Drugs 

Ther 1998;12:125-34. 

147.Lawry GM: Invited letter concerning: Endothelial preservation in human saphenous veins. J Thorac 

Cardiovasc Surg 1990;100:149-50. 

148.Cable DG, O'Brien TO, Schaff HV, Pompili VJ. Recombinant endothelial nitric oxide synthase-

transduced human saphenous veins. Circulation 1997;96(SupplII): 11-173-84. 

149.Mann MJ, Gibbons GH, Kernoff RS, et al. Genetic engeneering of vein grafts resistant to 

atherosclerosis. Proc Natl Acad Sä USA 1995;92:4502-6. 

150.George SJ, Lloyd CT, Angelini GD, Newby AC, Baker AH. Inhibtion of late vein graft neointima 

formation in human and porcine models of adenovirus-mediated overexpression of tissue inhibitor 

of metalloproteinase-3. Circulation 2000;101:296-304. 

151.Laube H R Duwe J, Rutsch W, Konertz W. Clinical experience with autologues endothelial cell-

seeded polytetrafluoroethylene coronary artery bypass grafts. J Thorac Cardiovasc Surg 2000;120:134~ 

41. 



40 



Aim of the present thesis 41 

Aim of the present thesis 

Long-term follow-up studies concerning the patency of aortocoronary bypass grafts 

have yielded disappointing results for venous bypass grafts. Venous grafts deteriorate 

with time, thus resulting in decreased survival and the necessity of revascularisation 

procedures for patients provided with venous grafts. By contrast, arterial bypass 

conduits display a much better long-term outcome. Therefore, to improve clinical 

outcome after CABG the use of arterial grafts should be stimulated and saphenous vein 

graft performances should be enhanced. 

In the present study several factors influencing the functional properties of saphenous 

vein were investigated, and a first step towards an improvement of the currently applied 

harvesting method by prevention of spasm by pharmacological measures was made. 

Accordingly, pharmacological, functional methods were used to evaluate the quality of 

saphenous vein, and on a smaller scale that of internal mammary artery preparations. 

The functional, pharmacological methods applied to estimate the quality of the blood 

vessels may offer important additional information beyond morphological 

investigations, which can only demonstrate the characteristics and presence of 

structures, without giving a clue to their functional relevance in vivo. 

The presence of pre-existent diseases in the patient might alter the responsiveness of 

saphenous vein. Accordingly, the changes of saphenous vein functional responses 

provoked by the condition of congestive heart failure were determined in two distinct 

rabbit models. With respect to the peri-operative factors, the influence of exposure to 

manipulation and preservation/cardioplegic solutions were studied. The effect of 

surgical manipulation was investigated by comparison of human saphenous vein 

preparations obtained after three distinct harvesting techniques. Accordingly, in rabbit 

saphenous vein and rat aorta preparations stored in several preservation solutions the 

time-dependent and compound-dependent alterations of contractile responses were 

analysed. 

The prevention of spasm of saphenous vein and internal mammary artery by 

pharmacological agents was investigated with an emphasis on calcium antagonists. 

Verapamil and mibefradil were compared to establish the mechanism of action of 

calcium antagonists in human saphenous vein. A new approach to prevent graft spasm 

was introduced by means of a very long acting calcium antagonist, lacidipine. In a 

superfusion model, this procedure was investigated for the long-term prevention of 

graft spasm in human saphenous vein and internal mammary artery preparations. 
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4 4 Saphenous vein and chronic heart failure 

Introduct ion 

The condition of congestive heart failure (CHF) as the end stage of various cardiac 

diseases is characterised primarily by an inadequate cardiac output. Compensatory 

mechanisms such as activation of the sympathetic nervous (SNS) and of the renin-

angiotensin-aldosterone system (RAAS) are secondary to insufficient cardiac output and 

oxygen supply of the various tissues. The associated elevated plasma levels of 

neurotransmitters and hormones are known to induce relevant alterations in the target 

tissues and their receptors. 

Most experimental work on these changes at the receptor-level has focused on the 

myocardium and the arterial part of the cardiovascular system. In the myocardium 

mainly ß-adrenoceptors are downregulated in case of CHF.1 In arteries the results 

concerning the adrenoceptors are unequivocal and depend on the model of heart 

failure, the state of heart failure and the vascular bed studied.2-9 In forearm 

Plethysmographie studies in humans with CHF the CI2-, and ß-adrenoeeptor induced 

responses remained intact, whereas the OCi-adrenoceptor pathway was partially 

desensitised.1-5 However, in isolated arteries ß-adrenergic relaxation was reduced while 

(X2-adrenergic responses remained unchanged.1'3 A common finding in most human and 

animal heart failure studies is the attenuation of endothelium-dependent vascular 

relaxation.10'11 

As established in previous functional studies the saphenous vein (SV) strongly responds 

to vasoactive compounds both in vitro, and in vivo.12'13 Despite the importance of the 

contractility of the venous side of the vascular system for preload, only a few studies 

have reported on venous function during CHF. In isolated SV obtained from dogs with 

pacing-induced heart failure, a similar pattern of adrenoceptor responses was shown as 

demonstrated in isolated arteries.4'14 Aortocoronary bypass surgery (CABG) often 

involves SV autografts. Several factors may contribute to bypass graft failure, and the 

reactivity of the conduit is one of these factors. For example graft spasm is partially 

provoked by the contractile responses of the conduit to circulating vasoactive 

compounds. Furthermore, the characteristics of SV are affected by factors like 

preexisting diseases of the patient.15 Since more and more older and diseased patients 

are subjected to CABG, it seems relevant to specify the changes associated with CHF in 

this particular vein.16 

Accordingly, the SV obtained from rabbits suffering from CHF provoked by pressure-

overload or myocardial infarction were investigated. Adrenoceptor-induced responses 

and those to angiotensin II were determined. Endothelial function was studied by 

muscarinic-receptor-induced vasorelaxation. We used two different experimental 
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models of CHF since in clinical practice CHF-patients with similar causes of the disease 

are subjected to CABG. 

Materials 

Animals 

Male New Zealand White rabbits (SPF, body weight 2500-3500g) were used. For this 

study the guidelines were followed as presented in The Guide for the Care and Use of 

Laboratory Animals published by the US National Institutes of Health. The Committee 

on Animal Experiments of the Academic Medical Center Amsterdam approved of the 

protocol. 

Volume- and pressure overload model of heart failure in the rabbit (CHF-PO) 

A combined volume- and pressure overload model of heart failure was used, as 

described by Bril et al. (1991).17 CHF was provoked in two stages. The animals were 

subjected to general anaesthesia with a mixture of ketamine 60 mg/ml and rompun 2% 

(0.8 ml/kg body weight) IM and to mechanical ventilation when necessary. In the first 

stage volume overload was induced via insufficiency of the aortic valve. By moving a 

fluid filled catheter, inserted via the carotid artery, to and fro across the aortic valve the 

insufficiency was induced, as demonstrated by an increase in pulse pressure by more 

than 50%. In stage two, during a separate procedure pressure overload was induced by 

aortic banding. Via an abdominal incision a ligature was placed around the aorta, just 

above the renal arteries, until a reduction of 50% of the aortic diameter was reached. 

Myocardial infarction model of heart failure in rabbit (CHF-MI) 

The coronary ligation model for inducing heart failure has been described by Denvir et 

al. (1995).18 Accordingly, under general anaesthesia and mechanical ventilation, a left 

sided thoracotomy was performed. The marginal branch of the left coronary artery was 

ligated, and the rabbits developed myocardial infarction and subsequent heart failure 

during the following weeks. 

Assessment of heart failure 

10 to 82 weeks after the (final) operations rabbits were anaesthetised and examined for 

the presence of gallop rhythm. An incision was made in the neck and the left carotid 

artery was cannulated with a 3F-microtip-pressure transducer (Millar, Houston, Texas, 

U.S.A.) and passed into the left ventricle to measure left ventricular end-diastolic 
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pressure (LVEDP). A bolus of 5000 IU heparin was injected IV. The abdomen was 

opened to detect ascites, followed by a thoracotomy to excise the heart. The heart and 

lungs were weighed. 

A 'heart failure index' as described by Vermeulen et al. (1994) was calculated as 

follows.19 One point was scored for each of the following items: heart weight relative to 

body weight larger than 4.6 g/kg, lung weight relative to body weight larger than 3.5 

g/kg, LVEDP larger than 5 mmHg, the presence of ascites, and the presence of gallop 

rhythm. A minimum of three parameters was assessed in all animals. The number of 

variables assessed was divided by the total score and heart failure was defined as a score 

> 0.6. Besides these parameters myocyte length and width were determined as well. 

Indices of heart failure are shown in Table 1. 

Earlier studies using the same model of CHF have demonstrated that there is no 

difference between the aforementioned parameters of the SHAM operated rabbits or 

control rabbits.31 Therefore in the current study the control group consisted of rabbits 

which had not been subjected to surgery 

Isolated saphenous vein preparations 

After excision of the heart and lungs, an incision was made at the lateral side of both 

Table 1: 'Parameters which are characteristic for heart failure in two rabbit models 

Control CHF-PO CHF-MI 

(n = 6) (n = 8) (n = 4) 

Bodyweight (kg) 4.1 ±0.15 4.2 ±0.14 3.9 ±0.14 

Relative heart weight (g/kg) 2.4 ±0.10 4.7 ± 0.29*# 3.3 ± 0.28* 

Relative lung weight (g/kg) 2.6 ±0.12 3.9 ±0.18* 4.0 ± 0.50* 

LVEDP (mm Hg) 3.0 ±0.6 19.4±2.0*# 4.3 ±1.7 

Ascites - 2*# -
Gallop rhythm - Vit -
Myocyte length (urn) 129 ±2.6 167 ±2.7* 169 + 4.2* 

Myocyte width (urn) 25 ±2.9 34 ± 0.6* 34.3 + 1.9* 

HF index <0.6 0.7 ± 0.04* 0.2 ± 0.06 

Values represents mean ± S.EM n = 4-8 (parameters were not assessed in all control rabbits). *P < .OS, CHF 

compared to control, #P < .05 CHF-PO compared to CHF-MI. 

LVEDP = left ventricular end-äastolicpressure, CHF-MI = myocardial infarction, CHF-PO = volume-, and pressure-

overload 
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hind limbs and the SV was identified, gently removed and immediately submerged in 

ice-cold Krebs-Henseleit solution. Prior to the experiments the veins were cleaned of 

adhesive tissue, and cut into rings of approximately 3-mm length each. For some of the 

experiments the endothelium was removed by gentle rubbing of the intima with a 

plastic, notched tube. The ring preparations were mounted between two L-shaped 

stainless steel hooks, in 8 ml organ baths filled with Krebs-Henseleit solution of 37°C, 

continuously bubbled with a carbogen mixture (pH 7.4). Each preparation was fixed, via 

a silk thread, to an isometric force transducer (AD Instruments, Castle Hill, Australia) 

and force was recorded via a MacLab/8 computer system (AD Instruments, Casde Hill, 

Australia). The preparations were subjected to a pre-tension of 20 mN, which was 

maintained throughout the experiment. 

Experimental protocol 

After an equilibration period of 60 minutes the SV preparations were exposed to a 

priming procedure. With 30 minutes' intervals contractions were induced, respectively, 

twice by a KCl solution (KCl, 60 mM), followed by a phenylephrine (Phe, 0.3 mM) 

precontraction and subsequent relaxation to cumulative concentrations of methacholine 

(MCh, 0.3 uM - 10 uM), and finally contracted by another exposure to KCl. The 

priming procedure was followed by another equilibration period of 60 minutes. 

Subsequent, by cumulative concentration-response curves were constructed for the 

(a/ß)-adrenoceptor agonist noradrenaline (1 tiM- 1 mM), the (Xi-adrenoceptor agonist 

methoxamine (0.1 uM- 1 mM), the a2-adrenoceptor agonist B-HT 933 (0.1 p.M- 1 mM), 

the ß-adrenoceptor agonist isoprenaline (0.01 nM- 10 uM) and angiotensin II (0.01 nM-

10 (0.M), respectively, in separate preparations. To abolish ß-adrenoceptor-mediated 

effects of noradrenaline, responses to NA (and methoxamine and B-HT 933 to 

standardise the protocol) were obtained in the presence of the non-specific ß-

adrenoceptor antagonist propranolol (1 uM). Ascorbic acid (1 mg.mL1) was added to 

prevent oxidative degradation of catecholamines. Concentration response curves to 

isoprenaline and angiotensin II were made in the absence of endothelium, since both 

agonists are known to release nitric oxide from the endothelium. To study the dilatory 

responses to isoprenaline the preparations were incubated for 1 hour with the non

selective a-adrenoceptor antagonist phentolamine (0.1 mM), and precontracted with the 

thromboxane A2-mimetic U46619 (0.3 uM). 

Drugs used 

Angiotensin II, (±)-isoproterenol hydrochloride, acetyl-ß-methylcholine chloride, 

methoxamine hydrochloride, (-)-norepinephrine bitartrate, phentolamine hydrochloride, 
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L-phenylephrine hydrochloride were obtained from Sigma (St. Louis, MO, U.S.A.); 

ascorbic acid from Merck (Darmstadt, Germany), B-HT 933 chloride from Dr. Karl 

Thomae GMBH (Biberach an der Riss, Germany); (±)-propranolol hydrochloride from 

Research Biochemicals International (Natick, U.S.A.); U46619 (1 mg.100 ".D1 ethanol) 

from Biomol Feinchemikalien GmbH (Hamburg, Germany). All drugs were dissolved 

in distilled water, except norepinephrine and isoproterenol. Noradrenaline and 

isoproterenol were dissolved in a 0.1 mg.mL-1 ascorbic acid containing solution. 

Solutions used 

The Krebs-Henseleit solution used for the experiments had the following composition 

(mM): NaCl 118.0; KCl 4.7; N a H C 0 3 25.0; MgS0 4 1.2; CaCb 2.5; K H 2 P 0 4 1.1 and 

glucose 8.3. 

For the experiments with the a-adrenoceptor agonists, propranolol (luM) and ascorbic 

acid (0.1 mg.mL-1) were added to the Krebs-Henseleit solution. 

The KCl solution had the same composition as the Krebs-Henseleit solution used, 

except for the NaCl, which had been partially replaced by an amount of KCl 

corresponding to a concentration of 60 mM. 

Statistical analysis 

The data were expressed as means + S.E.M. for n observations. The concentration-

response curves for the compounds investigated were analysed by means of a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.). The 

pD2-value [-log effective concentration (molar) that produces 50 % of the maximal 

effect (EC50)], as well as the maximal effect (Emax) were thus obtained from the non

linear regression curve fit analysis for individual experiments. The statistical significance 

of the differences was analysed by means of two-sided Student's /-test or by means of 

one-way analysis of variance for unpaired data, with Newman-Keuls' post-test for 

multiple comparisons. Values of P < .05 were considered significant. 
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Results 

General 

The isolated SV preparations obtained either from rabbits with CHF or from control 

animals yielded stable functional responses throughout the experiments. 

Receptor-independent contractile force as provoked by KCl-induced depolarisation was 

similar in the three experimental groups (28.9 ± 2.2, 30.2 ± 2.2, and 36.0 ± 0.4 mN, for 

the control, CHF-PO, and the CHF-MI groups, respectively, n = 4-8, P = n.s.). The 

responses to depolarisation obtained in preparations after mechanical removal of the 

endothelium were equal to those found in the preparations with endothelium. The 

occurrence of chronic heart failure did not influence the responses to a single 

concentration thromboxane A2-mimetic U46619 (0.3 uM), and amounted to 44.1 ± 9.8 

mN in the control preparations, compared to 38.1 ± 5.9 mN and 44.0 ± 7 . 7 mN in 

CHF-PO, and CHF-MI preparations, respectively (« = 4-6, P = n.s./ 

The mechanical removal of the endothelium was confirmed by a strong reduction in the 

dilatory response to methacholine in phenylephrine-precontracted preparations by 

maximally 21.5 ± 6.4 % (Figure 1). 
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Figure 1: The influence of CHF due to pressure overload (CHF-PO U), or myocardial infarction (CHF-MI T j 

compared to controls (control O) on the responses induced by methacholine fiJ\C\\) in rabbit isolated SV preparations 

with endothelium. Shown as well is the effect of mechanical removal of the endothelium on responses to MCh (CHF-PO 

D, CHF-MI V and control O). The responses are presented as percentage of the precontraction induced by 

phenylephrine fPhe 0.3 mMJ. Values are given as means ± S.E.M, n - 4-8. *P < .OS 
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Adrenoceptor-mediated responses 

The maximal effect of noradrenaline was increased in the SV rings obtained from 

rabbits exposed to pressure-overload-induced CHF (Table 2, Figure 2A). In subsequent 

experiments cumulative concentration response curves were constructed for the a i -

adrenoceptor agonist methoxamine and the selective (^-adrenoceptor agonist B-HT 

933, to investigate which a-adrenoceptor was involved in the increased response to 

noradrenaline. Maximal contractile responses to methoxamine were increased, whereas 

those to B-HT 933 were unaffected by CHF (Table 2, Figure 2A). For the sensitivity of 

isolated SV to a-adrenoceptor stimulation the following rank order was found: 

noradrenaline > methoxamine = B-HT 933. The sensitivity to the a-adrenoceptor 

agonists was not altered in SV from heart failure rabbits (Table 2), when compared with 

controls. Since the endothelial function might influence a-adrenoceptor responses, and 

endothelium-dependent dilation was impaired in CHF-PO animals (see endothelium-

dependent relaxation), separate experiments were performed with noradrenaline in 

endothelium-denuded SV preparations (Figure 2B). The observed differences between 

CHF-PO and controls concerning the maximal effect of a-adrenergic stimulation were 

even more pronounced in these preparations (Emax amounted 114.1 ± 5.2% of the KC1-

induced responses, in SV of CHF-PO rabbits, compared to 88.6 ± 6.1% in control 

animals, n =4-6, P < .05). Furthermore, the concentration response curves to 

noradrenaline in endothelium-denuded preparations showed a significant leftward shift. 

The cumulative concentration-response curves of isoproterenol in isolated rabbit SV 

preparations were U-shaped (Figure 3). The maximal ß-adrenoceptor-induced 

relaxation, as 

Table 2: Responses of saphenous vein preparations to a-adrenoceptor stimulation by three different agonists 

noradrenaline methoxamine B-HT 933 
E™>x P°2 Emax pD 2 Emax pD 

control 80.6 ±6.1 6.0 ±0.2 55.7 ±3.5 4.2 ±0.2 38.6 ±5.3 4.0 ±0.1 
CHF-PO 110.3 ±8.0* 5.5 ±0.1 70.5 ±4.5* 4.4 ±0.1 46.1 ±5.0 4.0 ±0.2 
CHF-MI 96.2 ±7.3 6.1 ±0.4 60.6 ±6.7 4.4 ±0.2 61.8 ±18.0 3.4 ±0.7 

The effect of CHF due to pressure overload (CHF-PO) or myocarâal infarction fCHF-MIJ compared to control, on the 

sensitivity (expressed as negative log EQo values (pD2JJ and the maximal effect (expressed as EmaX) %), of noradrenaline, 

methoxamine, and B-HT 933 in isolated saphenous vein preparations. The maximal effect is presented as percentage of 

the maximal response to KCl. Values are given as means ± S.EM, n = 4-10. *P < .05 for CHF-PO compared to 

control and CHF-MI. 
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Figure 2A: The effect o/CHF due to pressure overload (CHF-PO), or myocardial infarction (CHF-MI) compared to 

control (ctrl) on the responses in rabbit isolated SV induced by noradrenaline (ctrl • , CHF-PO D, CHF-MI "O), 

methoxamine (ctrl*, CHF-PO O, CHF-MI * j , orB-HT933 (ctrl A., CHF-PO A , CHF-MI Vj , respectively. 
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Figure 2B: The effect of endothelium removal on the responses to noradrenaline (preparations with endothelium ctrl%, 

CHF-PO • , CHF-MI T , and without endothelium ctrlO, CHF-PO O, CHF-MI V). The responses are expressed 

as % of the responses to KCl. Values are given as means ± S.E.M, n — 4-10. *P < .05 
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presented by the first, descending part of the curves, was decreased in SV rings obtained 

from CHF-PO rabbits (Emax 14.2 ± 3.8 % of the precontraction), compared to those 

from CHF-MI (18.2 ± 3.1%) and control rabbits (27.3 ± 3.7%) (Figure 3). The 

sensitivity of the SV to isoproterenol was not influenced by CHF (pD2-values of 6.9 ± 

0.4, 6.8 ± 0.3, and 6.9 ± 0.4 for the control, CHF-PO, and the CHF-MI groups of 

preparations, respectively, P = n.s.). 

The presence of the oc-adrenoceptor antagonist phentolamine (0.1 mM) could not fully 

suppress the effect of the higher concentrations isoproterenol at the oc-adrenoceptor, as 

represented by the ascending part of the curve, indicating a contractile response (Figure 

3). Also in this part of the curve the CHF-PO derived preparations demonstrated 

stronger contractions than the preparations obtained from CHF-MI and control 

animals, indicating a difference in a-adrenergic properties. This observation confirms 

the findings for the responses to the specific Ct-adrenoceptor agonists (see above). 

Angiotensin II 

Contractile responses to angiotensin II could only be obtained in endothelium-denuded 

SV preparations. In these isolated SV preparations angiotensin II generated small 

contractions. In control preparations the maximal contraction amounted to 12.6 ± 3.9% 

of the response induced by KCl. Nevertheless, the curve of angiotensin Il-induced 
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Figure J: The effect of CHF due to pressure overhad (CHF-PO U), or myocardial infarction (CHF-MI Y j 

compared to control (control O) on the responses induced by isoproterenol in rabbit isolated SV preparations. The 

responses are presented as percentage of the precontraction induced by U46619 (0.3 fjM). Values are given as means ± 

S.E.M, n = 4-6. *P < .OS 
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Figure 4: The effect ofCHF (CHF-PO • CHF-MI T ) compared to controls (control O) on the responses induced 

by angiotensin II (Ang II) in rabbit isolated SV'preparations. The responses are presented as percentage of the responses to 

KCl. Values are given as means ± S.EM, n - 4-6. *P < .OS 

contractions in animals with pressure-overload provoked CHF was shifted to the right, 

as presented in Figure 4. The pD2-values of the responses to Ang II in CHF-PO 

animals was increased to 8.2 ± 0.08, compared to 8.7 ± 0.2 in SV rings from control 

animals (» = 4-7, P < .05). SV obtained from CHF-MI animals demonstrated no 

changes in contractions provoked by angiotensin II. 

Endothelium-dependent relaxation 

The relaxation caused by the muscarinic-receptor agonist methacholine showed clear 

differences between the three experimental groups of preparations. In SV rings 

obtained from animals with CHF due to pressure overload the endothelium-dependent 

relaxation to methacholine was reduced to 68.7 ± 10.5% of the precontraction, 

compared to 91.8 ± 5.0% in the preparations obtained from control rabbits (P < .05) 

(Figure 1). However, the responses found in rings from CHF-MI animals (Emax 84.6 ± 

5.8%) were not different from control or CHF-PO rabbits. 
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Discussion 

Hearts of rabbits subjected to either volume-and pressure overload or myocardial 

infarction developed left ventricular hypertrophy according to the myocyte 

characteristics obtained. The relative lung weight of both groups of heart failure rabbits 

was raised compared to controls. In the group of animals with pressure overload the 

increase in heart weight and LVEDP was more pronounced than in the myocardial 

infarction group. Furthermore, in the last group we observed no signs of gallop rhythm 

or ascites. The heart failure index assessed was positive in the pressure-overload and not 

significant in the myocardial infarction group. Accordingly, heart failure in the animals 

subjected to coronary ligation is obviously less pronounced than in the rabbits exposed 

to volume-and pressure overload. This might explain why the changes observed in SV 

from rabbits subjected to volume-and pressure overload were absent in the same 

preparations obtained from animals that underwent coronary ligation. Another 

explanation might be the underlying mechanism of heart failure. In a study comparing 

patients with idiopathic and ischemic cardiomyopathy, also no changes were observed 

in the group with ischemic cardiomyopathy. The severity of heart failure as indicated by 

the LVEDP was less pronounced in the ischemic group as well.20 

In the present study, isolated SV obtained from rabbits exposed to volume-, and 

pressure overload (CHF-PO) showed an increase in the contractile, and a decrease in 

the dilatory responses. The enhanced contractile response was observed for the 

combined a-adrenergic stimulation, and also found to be so for the selective stimulation 

of the (Xi-adrenoceptor, but not for the a2-adrenoceptor. In contrast to the enhanced 

contractile response, relaxation to ß-adrenoceptor activation was reduced. 

In patients with congestive heart failure the SNS-activation results in high local and 

systemic levels of catecholamines.1 The exposure to elevated levels of catecholamines is 

known to influence vessel responsiveness in heart failure. The observation that a-

adrenergic responses in isolated vein increase, as in the present study, has been 

described for other models of heart failure as well. However, a-adrenergic reactivity in 

CHF according to literature data for arteries and veins are inconsistent and differ per 

model and vascular bed.19 Globally, the literature data point towards a 

normal/enhanced a-adrenergic responsiveness of peripheral blood vessels and a 

normal/decreased reactivity of blood vessels supplying vital organs. 

The demonstrated increase in a-adrenergic responses might be the result of limited 

inhibition of the contractile response by the endothelium.6 However, after mechanical 

denudation of the SV preparations the differences between heart failure and normal 

animals were even more pronounced. The endothelium-denuded preparations 
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demonstrated greater sensitivity in response to the a-agonists. Thus, endothelial 

function appears to be involved, but does not fully explain the observed changes in a-

adrenoceptor responses in heart failure in the current study. 

The responses to isoproterenol are mediated via ß-, a i - , and a.2-adrenoceptors, and they 

are partially endothelium-dependent.14'21 The role of the endothelium and a-

adrenoceptor stimulation in the results obtained with respect to the ß-adrenoceptor are 

negligible, an a-adrenoceptor antagonist was present in denuded preparations. 

Therefore, the limited effectiveness of isoproterenol in SV from pressure-overload 

rabbits must be the result of changes at the level of the ß-adrenoceptor. In the 

myocardium it has been demonstrated by means of radioligand binding studies that the 

number of ß-adrenoceptors decreases during heart failure.7 The present results in 

isolated SV may also be explained on this basis. 

Severe congestive heart failure is known to be accompanied by activation of the 

RAAS.22 In spite of this, the effect of angiotensin II in CHF on isolated vessels has 

been sparsely investigated. The reason might be the strong heterogeneity of angiotensin 

II-induced contractions in isolated vessel preparations. Therefore, although the 

response to angiotensin II in rabbit isolated SV was small and somewhat variable, it 

seems important to report these results, and even more so since the potency of 

angiotensin II was diminished in SV from CHF-PO rabbits. In functional and binding 

studies, evidence for a reduction in the number of ATI-receptors in CHF was obtained, 

and an increased/unchanged response provoked by angiotensin II was observed.20'2326 

Hypothetically, a downregulation of ATI-receptors in the presence of a receptor 

reserve, or a shift towards another subpopulation of ATI-receptors might explain our 

observations. 

In patients with congestive heart failure the endothelial capacity to produce vasodilator 

substances, like nitric oxide (NO) and the effect of N O appears to be decreased.10'11-7 

The present observation of a decreased vasodilation in response to methacholine 

stimulation might reflect endothelial dysfunction in SV from rabbits with CHF-PO. 

However, this conclusion can be drawn with caution only since a multitude of other 

factors might influence the results, like for example muscarinic receptor abnormality, 

impaired smooth muscle responsiveness to N O or reduced L-arginine availability.28 

From the present findings we conclude that in heart failure relevant changes occur in 

venous responsiveness, as demonstrated in saphenous vein from rabbits subjected to 

pressure-overload induced heart failure. Due to CHF contractile responses to a-

adrenergic compounds are even more pronounced, independent of endothelial function, 

whereas dilatory reactions such as endothelium- and ß-adrenoceptor-dependent 

relaxation are impaired. Saphenous vein autografts are susceptible to spasm and graft 
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failure due to endothelial injury and the subsequent higher responsiveness to 

vasoconstrictors.15 Therefore, the demonstrated enhanced contractility may have 

consequences for the patency of venous grafts and subsequently the peri-operative 

management of CHF patients subjected to CABG. 
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Introduction 

Saphenous vein (SV) is frequently used for bypass or reconstructive purposes in 

(cardio-)vascular and transplantation surgery. Harvesting of the vein and subsequent 

storage affect the function of both the endothelium and vascular smooth muscle cells 

(VSMC), thereby increasing the risk of occlusion of the SV conduit due to thrombosis, 

spasm and/or atherosclerosis.15 Thus, the exposure to various solutions during surgery 

potentially injures the integrity and function of the vessel wall. Controversy remains 

regarding which solution gives optimal preservation of SV function (Table 1). 

In cardio-thoracic surgery preservation of venous grafts and cardioplegia play a major 

role. For this reason we investigated the influence of the commonly used solutions 

during aorto-coronary bypass surgery (CABG). Moreover, in CABG SV storage is 

required for possible reoperations in the early post-operative phase. Furthermore, 

storage is of importance in transplantation surgery, where the vein is used for 

reconstruction of the vascular bed of the organ transplanted. In view of these 

considerations, we wanted to define the efficacy of preservation solutions for storage of 

SV. 

In previous studies it was demonstrated that functional characteristics, evoked by 

pharmacological stimulation, yield relevant information concerning the integrity of 

isolated vessel preparations.3'6.7 The response to pharmacological stimuli might reflect 

much closer the viability of blood vessels than histological studies, in which differences 

between viable and non-functional tissues cannot be identified. 

Accordingly, we studied the time-dependency of the function of rabbit isolated SV 

preparations, exposed to hypothermic storage. The function of the endothelium and of 

the VSMC has been assessed by determining responses to vasoactive stimuli in vitro. 

The time intervals of 1, 24 and 48 hours were chosen in relation to the storage time 

required during CABG (lh), during transportation in organ transplantation (l-24h), and 

during the critical postoperative phase after CABG (48h). The solutions applied during 

CABG, i.e. St. Thomas' cardioplegic solution and heparinized Ringer's lactate, were 

compared with University of Wisconsin solution (UW) and saline (NaCl 0.9%). UW is 

the most commonly applied preservation solution in organ transplantation whereas 

saline is considered to be a poor preservation medium, although it is frequently used as 

an intraoperative storage medium for free vascular grafts. UW is considered a superior 

medium for long-term preservation because it contains the appropriate type and 

concentration of impermeants to suppress hypothermia-induced cell swelling and 

consequent damage.7-8 
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Table 1: Survey of the literature concerning the effect of preservation solutions on isolated vessels. 

Reference Preparation Solution Time Function Morphology 

KCl a E E 

Zerkowski9 HSV RL 

CB 

1h 4"i' •i' 

i i 
Massa10 rat aorta RL 

NaCI 

2h i 
i 

Welz" HSV RL 

NaCI 

CB 

2h u 
u 
i 

Schaeffer12 HSV RL 

NaCI 

CBr 

2h u 
u 
i 

De Caterina6 HSV CST 0.5h = = 

Harjula13 CA CST Infusio i 

Grohs14 HSV CBr 
n 

36h 
= = 

Chardigny15 HIMA CBr 

UW 

1h i 
i 

i i 
i i 

Von Oppell16 HSV CST 

UW 

24h u 
i 

Boerboom17 baboon SV NaCI 

UW 

3h 

_ = _ 

Santoli17 HSV NaCI 

UW 

5h i 

Ekin19 canine CA UW 1h = = 

Anastasiou20 HSV UW 1h î i 

CA = coronary artery, carA = carotid artery, CB = Bretschneider's cardioplegic solution, CBr = Broussais Hospital 

cardioplegic solution, E = endothelium, HIMA = human internal mammary artery, (H)SV = (human) saphenous vein, 

a — responses induced by alpha-adrenergic stimulation. 
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Materials and Methods 

Rabbit saphenous vein 

Male New Zealand White rabbits (BMI, Limburg, the Netherlands), SPF and weighing 

2.0-3.0 kg were used (n = 28). For this study the guidelines were followed as presented 

in "The Guide for the Care and Use of Laboratory Animals" published by the National 

Institutes of Health. The rabbits were sacrificed by intravenous injection of 

pentobarbital 40 mg/kg, after the administration of fluanisone/fentanyl (0.315/10 

mg/ml) 0.5 ml/kg i.m. and an intravenous injection of heparin (500 IE/kg). The lateral 

SV of both hind limbs were dissected and placed into oxygenated Krebs-Henseleit 

solution for removal of adhesive fat and connective tissue under microscopic 

visualisation. The isolated vessel was cut into ring preparations of approximately 3-mm 

length each (n = 228 total number of preparations). The rings of one vein were divided 

into four groups: one group was investigated immediately (controls n = 58), the second 

to fourth group after storage at 4°C in one of the solutions under investigation for l h (n 

= 54), 24h (n = 64) or 48h (n = 54), respectively. 

Experimental protocol 

For the recording of tension, the vessel rings were mounted between two L-shaped 

stainless steel hooks, in 8-mL organ baths filled with oxygenated Krebs-Henseleit 

solution at 37°C (pH 7.4). Each preparation was fixed, via a silk thread, to an isometric 

force transducer (A.D. Instruments, Castle Hill, Australia) and force was recorded via a 

MacLab/8 computer system (A.D. Instruments, Castle Hill, Australia). Each ring was 

subjected to an initial resting tension of 5 mN that was maintained throughout the 

experiment. 

After an equilibration period of 60 minutes the vascular rings were primed and tested 

for viability, by exposing them twice to a depolarising KCl solution (60 mM) (KCl). 

After wash out and another equilibration for 30 minutes the preparations were 

contracted by a single dose of the ai-adrenergic-receptor agonist phenylephrine 

(Phe)(30 pM) and subsequently exposed to cumulative concentrations of the 

endothelium-dependent vasodilator and muscarinic-receptor agonist methacholine 

(MCh) (1 nM- 10 LiM). The priming procedure was completed by another exposure to 

KCl. The vessel rings were washed out three times with Krebs-Henseleit solution after 

each stimulation. One hour after the last KCl-induced contraction, cumulative amounts 

of Phe (0.1 \xM- 1 mM final concentrations in the organ bath) or the nitric oxide donor 

sodium nitroprusside (SNP) (1 nM- 10 uM final concentrations) were added to the 

organ bath to establish concentration-response relationships. The vasodilator action of 
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SNP was investigated in Phe-precontracted (30 uM) vessel rings. The responses to SNP 

and MCh were expressed as percentage of the precontraction to phenylephrine. Dilatory 

responses to MCh were taken as evidence for an intact function of the endothelium. 

Control experiments demonstrated no difference of responses to phenylephrine or 

sodium-nitroprusside with or without previous exposure to methacholine (data not 

shown). 

Drugs used 

L-phenylephrine hydrochloride and acetyl-ß-methylcholine chloride were obtained from 

Sigma (St. Louis, MO, U.S.A.); sodium nitroprusside dihydrate GR from Merck 

(Darmstadt, Germany). All drugs were dissolved in distilled water. 

Solutions used 

The solutions investigated were saline (NaCl 0.9%) (n = 60), St. Thomas' cardioplegic 

solution (CST) (n = 54), heparinized Ringer's lactate (RL) (n = 54), and University of 

Wisconsin solution (UW) (n = 60) (ViaSpan, Du Pont, Wilmington, DE , U.S.A.), 

Table 2: Composition of the solutions investigated.8 

Contents 

RL 

Solutions 

CST NaCl UW 

Reference values 

P IS IC 

Sodium 146.8 147 

Potassium 5.4 20 

Calcium 1.8 2 

Magnesium - 16 

Chloride 129 203 

Sulphate - -
Phosphate - -
lactate 26.8 -
heparin (IU/1) 500 -
adenosine - -
procaine(mg/l) - 273 

pH 6-7 6-7 

154 

154 

6-7 

29 142 139 14 

125 4.2 4 140 

- 1.3 1.2 0 

5 0.8 0.7 20 

- 108 108 4 

5 0.5 0.5 1 

- 2 2 11 

_ 1.2 1.2 

7.4 

The concentrations are expressed as mmol/1, unless stated otherwise. CST = St. Thomas' cardioplegic solution, IS 

interstitial, IC = intracellular, NaCl = saline 0.9%, P = plasma, RL = heparinised Ringer's lactate, UW 

University of Wisconsin solution. 
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respectively. In Table 2 the compositions of the different media are summarised and 

compared with the normal values prevalent in the human body compartments, for the 

corresponding compounds.8.21 In UW several other compounds (not mentioned in the 

Table) are included as well: lactone bionic acid 100 mmol/L, raffinose 30 mmol/L, 

allopurinol 1 mmol/L, gluthation 3 mmol/L, hydroxyethyl starch 50g/L, 

dexamethasone 16 mg/L, insulin 40 U/L, penicillin G, 200.000 U/L, pH 7.4. 

The Krebs-Henseleit solution used for the experiments had the following composition 

(mM): NaCl 118.0; KCl 4.7; N a H C 0 3 25.0; MgS0 4 1.2; CaCl2 2.5; K H 2 P 0 4 1.1; and 

glucose 5.6. The KCl solution had the same composition as the Krebs-Henseleit 

solution used, except for the sodium chloride, which had been replaced by an equimolar 

amount of KCl corresponding to a concentration of 60 mM KCl. 

Statistical analysis 

The data were expressed as mean ± SEM for n observations. The concentration-

response curves for the compounds investigated were analysed by using a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.). The 

pD2-value [-log effective concentration (molar) that produces 50% of the maximal 

effect (IC50)], as well as the maximal effect (Emax) were thus obtained from the non

linear regression curve fit analysis for each individual experiment. The statistical 

significance of the differences was analysed by means of one-way analysis of variance 

for unpaired data, with Newman-Keuls' post-test for multiple comparisons. P-values of 

less than .05 were considered statistically significant. 

Results 

The isolated rabbit lateral SV preparations showed stable responses to the 

pharmacological stimuli applied during the experiments over a period of at least 5 

hours. In the non-stored vein rings the potency of the compounds investigated 

(calculated as the pD2-value from the logistic curve fit analysis) amounted to 5.0 ± 0.02 

for Phe, 7.5 ± 0.05 for SNP and 7.4 ± 0.02 for MCh, respectively. The sensitivity of the 

SV preparations to the agonists remained stable after storage in the different media 

under investigation, independently of the time interval examined. 

The contractions induced by KCl-depolarisation of lateral SV preparations before 

exposure to preservation solutions corresponded with 25.2 ± 2.1 mN (n = 14), 30.1 ± 

1.2 mN (n = 16), and to 27.8 ± 1.8 m N ( n = 14) in the CST, RL, and UW experimental 

groups, respectively. After immersion in CST, RL or UW no alterations in contractile 
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UW RL CST 

preservation medium 
NaCI 

40 -, 

B — 

UW 
preservation medium 

Figure 1: Contractions (absolute values in mN) of lateral SV preparations to a depolarising KCl-solution for the 

different time intervals of preservation studied (K). Maximal responses to phenylephrine (Emax as counted from the logistic 

curve fit analysis and expressed as absolute values (mN) (B). The four bars shown per individual solution represent the 

afferent time intervals (from left to right Oh, 1h, 24h, or 48h, respectively). University of Wisconsin solution (UW,) = 

open bars, heparini^ed Ringer's ladate (RLj = diagonally striped bars (\\\), Cardioplegic solution of St. Thomas 

(CSTj = diagonally striped bars (III), saline 0.9% (NaClj = black bars. Experimental points represent mean ± 

SEM. *P < .OS compared to non-stored preparations. 
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responses of the ring preparations were observed up to 48 hrs of storage (Figure 1A). 

Furthermore, the maximal responses (calculated as Emax-values from the logistic curve 

fit analysis) to Phe, SNP and MCh were unaffected by storage in CST, RL or UW 

(Table 3, Figure IB and 2). Thus, in the rabbit lateral SV preparations exposed to CST, 

RL or UW, no changes in functional properties were observed for the periods of 

storage studied. SV ring preparations stored in isotonic saline, however, showed a 

substantial decline in KCl-induced contractions after 24h of storage, which was even 

more pronounced after 48h (Table 3, Figure 1). The contraction induced by KC1-

depolarisation was 31.2 ± 2.0 mN (n = 14) before storage and decreased to 20.7 ± 1.8 

mN after 24h (P < .05 compared to non-stored preparations, n = 18), and to 13.7 ± 1.7 

mN after 48h of storage in NaCl 0.9% (P < .05 compared to non-stored preparations, 

n=12). In contrast, the absolute phenylephrine-induced responses did not change 

Table 3: Maximal responses (E„ax) to different agonists of SV preparations after exposure to preservation and 

cardioplegic solutions for different time intervals. 

Time interval of preservation 

Oh 1h 24h 48h 

NaCl Phe 19.0 ±2.4 15.2 ±3.3 15.5±2.0 12.0 ± 1.6 
SNP 107.8 ±1.3 108.0 + 1.0 108.0 ± 1.4 107.9 ±2.8 
MCh 97.4 ±4.7 96.6 ±4.5 71.5 ±8.2« 62.4 ± 9.0* 

CST Phe 14.6 ±0.9 15.4 ±1.7 13.2 ±1.3 12.4 ±0.6 
SNP 108.6 ±2.1 114.3 + 1.1 109.6±1.7 107.9 ±1.2 
MCh 99.8 ±2.0 98.0 ±4.7 98.6 ±3.7 99.9 ±3.8 

RL Phe 19.7 ±1.7 16.6±2.1 16.2 ±2.0 16.9 + 2.7 
SNP 110.0±2.3 109.9 ±0.9 106.6 ±0.6 107.4 ± 1.9 
MCh 93.9 ±7.1 98.4 ± 1.6 95.0 ±2.9 93.5 ±6.3 

UW Phe 21.6 ±3.9 15.8 ±2.2 17.0+1.3 14.9 ±2.2 
SNP 105.8 ±1.9 108.8 ±1.4 109.1 ± 1.2 106.9 ±1.7 
MCh 94.1 ±4.6 96.1 ±3.0 95.4 ±2.2 91.8 ± 3.1 

CST = St. nomas' cardioplegic solution, MCh = methacholine, NaCl = saline 0.9%, P h e -phenylephrine, RL = 

heparinised Ringer's lactate, SNP = sodium nitroprusside, UW = University of Wisconsin solution, Data represent 

mean ± S. E.M. and are expressed as absolute values (mN) for Phe, and for MCh and SNP as % of the precontract^. 

*P < .OS compared to non-stored vein rings. 
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Figure 2A: Influence of the preservation in different media on the maximal endothelium-dependent relaxation in response 

to MCh, expressed as % of the precontracts to Phe (30fM) (UW O, RL A, CST T , NaO 0.9% U). 

Experimental points represent mean ± SEM. *P < .05 compared to non-stored vein rings. 
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Figure 2B: Influence of the preservation in different media on the maximal endothelium-independent dilation to SNP, 

expressed as % of the precontraction to Phe (30fM) (UW O, RL A, CST • , NaCl 0.9% W). Expérimental points 

represent mean + SEM. 
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significantly (Table 3, Figure IB). Furthermore, the vasodilator responses caused by 

cumulative concentrations of SNP remained stable in SV preparations exposed to NaCl 

0.9%, in contrast to the vasodilation caused by MCh in precontracted vein rings, which 

showed a significant decline in Emax (Table 3, Figure 2). In the fresh preparations 

cumulatively added concentrations of MCh induced a maximal dilation of 97.4 ± 4.7% 

of the precontraction, which amounted to 71.5 ± 8.2% after 24h (n - 18), and to 62.4 ± 

9.0% after 48h (n = 12) of preservation in saline (P < .05 compared to non-stored 

preparations). 

Discussion 

The functional properties of SV determine the potential use of the vessel as a graft or 

conduit.2 In the present study the effect of exposure to the solutions commonly applied 

during operations and used for long-term storage, was evaluated by measuring 

alterations in the functional properties of the vessel wall of isolated rabbit SV 

preparations after storage. We compared St. Thomas cardioplegic solution and 

heparinised Ringer's lactate with an inert medium NaCl 0.9%, and with University of 

Wisconsin solution as the gold standard in solid organ preservation. Attention was 

focussed on the preservation of both smooth muscle cell and endothelial function. 

Since the endothelial function, as assessed with ACh-induced relaxation, in isolated 

human preparations was demonstrated to be strongly diminished due to injury during 

the surgical procedure, a standardised rabbit model was preferable for the present 

study.3 The fresh isolated rabbit lateral SV showed complete relaxation in response to 

methacholine, and was therefore considered a suitable preparation to demonstrate 

changes in endothelial function due to storage. 

The most important findings of the present investigation may be summarised as 

follows. When exposed to CST, RL, or UW vasoconstrictor responses to depolarising 

KCl and to phenylephrine were preserved for 48 hours. The same holds true for the 

effects of the vasodilator drugs SNP and MCh. However, major changes were found 

when the vessels had been exposed to saline. The KCl-induced vasoconstriction 

proved significantly reduced in a time-dependent manner, whereas exposure to saline 

did not influence the vasoconstriction caused by phenylephrine. After exposure to 

saline, the endothelium-dependent vasodilatation to methacholine was clearly reduced, 

whereas the response to the endothelium-independent compound SNP was fully 

maintained. This implies that the indicator-mechanism for the MCh-responses, namely 

the capacity of the vascular SMC to relax in response to N O , was preserved. Thus, the 
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reduced relaxation to MCh of SV preparations exposed to NaCl 0.9% are due to a 

decrease in NO-release by the endothelium in response to muscarinic receptor 

stimulation, indicating a reduction in endothelial function. 

Based on earlier findings (Table 1) we expected that the storage solutions would have 

changed the functional properties of the vessel wall. Especially the high potassium and 

chloride content of cardioplegic solutions is considered as an irritant for the 

endothelium.5.6.15-16 Furthermore, cooling of human SV preparations has been 

demonstrated to produce an increase in oc-adrenergic induced responses.1 Nevertheless, 

St. Thomas cardioplegic solution and heparinised Ringer's lactate demonstrated to be as 

good as University of Wisconsin solution for storage of SV for 48h. The endothelial cell 

damage found in previous studies concerning cardioplegia, may have been due to other 

experimental protocol-dependent effects, like distension or temperature on the 

preparations and not the effect of the cardioplegia per se.19'22 

Preparations stored in saline demonstrated a depressed response to depolarisation, 

whereas the receptor-dependent responses to phenylephrine remained unaltered. This 

can be explained by the different mechanisms underlying the action of the two 

compounds. Exposure to KCl depolarises the membrane of vascular SMC which brings 

about the opening of the voltage-dependent calcium channels and the influx of calcium 

and thereby contraction. Probably, the function and/or the number of L-type calcium 

channels, which are mainly involved in calcium influx during depolarisation, is 

compromised after exposition to saline in rabbit SV. This may also explain why Phe-

induced contractions, which are the result of both influx of extracellular calcium as well 

as the release of calcium from intracellular stores are unaffected by storage.17 

In conclusion, the present study has demonstrated that the solutions applied for 

preservation and for the control of structural integrity during CABG (heparinised 

Ringer's lactate and St. Thomas' cardioplegic solution) did not influence the functional 

properties of SV, in the rabbit model used. For the preservation for maximal 48h of the 

saphenous vein for transplantation or reoperation purposes, heparinised Ringer's lactate 

and cardioplegic solution of St. Thomas were demonstrated to be as effective as 

University of Wisconsin solution. In contrast, preservation in NaCl 0.9% was shown to 

produce a deterioration of both VSMC contractility, and endothelial function. These 

changes are most probably the result of a gradual deterioration of endothelial and 

VSMC integrity and have to be regarded as defects that become detectable after 24h of 

storage. Considering these findings our opinion is that the storage of autologous grafts 

in saline should be discouraged. 
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CHAPTER 4 

A model of rapid deterioration of vascular wall function after storage 

to study the effect of chloride on preservation 

M. Rinia-Feenstra, A.A. de Groot, M. Pfaffendorf, and P.A. van Zwieten 
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Introduction 

University of Wisconsin solution (UW) (ViaSpan, Du Pont, Wilmington, DE, U.S.A.) is 

considered a superior medium for solid organ as well as vessel preservation (Chapter 

3).1'3 The components essential for the deterioration or preservation of vascular wall 

function remains to be elucidated. The presence or absence of certain electrolytes might 

play an important role. Potassium is considered an irritant for the vascular wall, 

nevertheless UW contains a high potassium concentration.47 However, UW is 

characterised by intracellular equivalent concentrations of electrolytes to avoid energy-

consuming transmembranous electrolyte transport (Chapter 3).7 Therefore, low calcium, 

sodium and/or chloride concentrations might be important for preservation. Especially 

low chloride content proved beneficial for preservation of cultured endothelial cells.7 

To study the effect of chloride on the preservation of the functional properties of the 

vascular wall a model of rapid functional deterioration was developed. Isolated rat aorta 

contractile function proved reduced after 24 hours of hypothermic storage in 

phosphate-buffered saline (PBS), whereas UW could preserve function for 48 hours 

(data not shown). In this preparation the effect on contractile function was investigated 

dependent on time, and on the replacement of chloride by gluconate in the PBS. The 

functional properties were evaluated by means of responses to depolarisation, the Oli-

adrenoceptor agonist phenylephrine, the NO-donor sodium-nitroprusside and the 

endothelium-dependent vasodilator methacholine. 

Materials and Methods 

Isolated rat aorta preparations 

Male Wistar rats weighing 200-240 g were sacrificed by means of stunning after a blow 

on the head and decapitation. The aorta was carefully dissected and placed immediately 

in oxygenated Krebs-Henseleit solution (composition (mM): NaCl 118.0; KCl 4.7; 

N a H C 0 3 25.0; MgS0 4 1.2; CaCk 2.5; K H 2 P 0 4 1.1; and glucose 5.6) for removal of 

adhesive fat and connective tissue. The isolated vessel was cut into 6 rings of 

approximately 3-mm length. 

Experimental protocol 

For the recording of tension, the vessel rings were mounted between two L-shaped 

stainless steel hooks, in 5-mL organ baths filled with oxygenated Krebs-Henseleit 
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solution at 37°C (pH 7.4). Each preparation was fixed, via a silk thread, to an isometric 

force transducer (A.D. Instruments, Castle Hill, Australia) and force was recorded via a 

MacLab/8 computer system (A.D. Instruments, Castle Hill, Australia). Each ring was 

subjected to an initial resting tension of 5 mN that was maintained throughout the 

experiment. 

After an equilibration period of 60 minutes the vascular rings were primed and tested 

for viability, by exposing them twice to a depolarising KCl solution (40 mM) (KCl). The 

KCl solution had the same composition as the Krebs-Henseleit solution used, except 

for the sodium chloride, which had been partially replaced by an equimolar amount of 

KCl corresponding to a concentration of 40 mM KCl. After wash out and equilibration 

for 20 minutes the preparations were contracted by a single dose of phenylephrine 

(Phe)(l uM) and subsequently the priming procedure was completed by another 

exposure to KCl. The vessel rings were washed out three times with Krebs-Henseleit 

solution after each stimulation. Twenty minutes after the last KCl-induced contraction, 

cumulative amounts of Phe (10 nM- 10 mM), sodium nitroprusside (SNP) (0.1 nM- 3 

uM), or methacholine (MCh) (1 nM- 0.1 mM) were added to the organ bath to establish 

concentration-response relationships. The vasodilator action of SNP and MCh was 

investigated in Phe (1 uM)-precontracted vessel rings. The responses to SNP and MCh 

were expressed as percentage of the precontraction to phenylephrine. 

After the first series of experiments (t = 0) the preparations were preserved in 

phosphate-buffered saline, with the following composition (mM): NaCl 155, KH2PO4 

1.04, Na2PC>4 2.96, pH 7.4 (PBS) (n = 18), PBS in which sodium chloride has been 

replaced by an equimolar amount of sodium gluconate (PBS-gluconate) (n = 42), or 

UW (n = 6). After 24 hours of preservation at 4°C the experiment following the 

protocol described above was repeated followed by another 24 hours of preservation 

and subsequently the last experiment at 48 hours. 

Drugs used 

L-phenylephrine hydrochloride and acetyl-ß-methylcholine chloride were obtained from 

Sigma (St. Louis, MO, U.S.A.); sodium nitroprusside dihydrate GR from Merck 

(Darmstadt, Germany). All drugs were dissolved in distilled water. 

Statistical analysis 

The data were expressed as mean ± SEM for n observations. The concentration-

response curves for the compounds investigated were analysed by means of a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.). The 

pD2-value [-log effective concentration (molar) that produces 50% of the maximal 
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Tabel 1: Maximal responses (E„x) to different agonists of rat aorta preparations after exposure to preservation solutions 

for different time intervals. 

P B S PBS-gluconate 

Oh 24h 48h 24h 48h 

KCI(mN) 8.5 + 0.6 3.6 + 0.6* 1.5 ±0.7* 5.3 ±1.2* 9.0 ±1 .1 

Phe(mN) 8.7 ±0 .8 5.4 ±0.5* 2.5 ±1.4* 4.7 ± 1 . 1 * 8.0 ±1 .6 

SNP(%) 105.9 ±3 .1 97.9 ±14.2 - 105.8 ±3 .1 105.4 ±0 .2 

MCh(%) 96 .5±3 .5 86.5 + 13.5 - 106.0 ±11 .8 118.431.2 

KCl = high concentratedpotasium solution, MCh = methacholine, PBS = phosphate-buffered saline, PBS-gluconate 

= phosphate-buffered saline in ahich the chloride is substituted by gluconate, P h e = phenylephrine, S N P = sodium 

nitroprusside. Data represent mean ± S.E.M. and are expressed as absolute values (mN) for Phe, and for MCh and 

SNP as % of the precontracts. *P < .05 compared to non-stored vein rings. 

effect (ICso)], as well as the maximal effect (Emax) were thus obtained from the non

linear regression curve fit analysis for each individual experiment. The statistical 

significance of the differences was analysed by means of one-way analysis of variance 

for unpaired data, with Newman-Keuls' post-test for multiple comparisons. P-values of 

less than .05 were considered statistically significant. 

Results 

Isolated rat aorta preparations were demonstrated to produce stable responses 

throughout the experiments. The isolated rat aorta preprations displayed a maximal 

contractile response induced by KCl of 8.5 ± 0.6 mN (» = 13). Both after 24h of 

preservation in PBS and PBS-gluconate the depolarisation-evoked contractions were 

decreased to 3.6 ± 0.6 mN (« =6, P < .05) and 5.3 ± 1.2 m N (» = 7, P < .05), 

respectively. (Figure 1) Phe-induced contractions were diminished as well, although less 

so than depolarisation-induced responses. (Table 1) After another 24h of preservation 

the aorta rings preserved in PBS further deteriorated, whereas those preserved in PBS-

gluconate regained there contractile function in response to KCl-induced depolarisation 

as well as to phenylephrine. After 48h of preservation in PBS Phe-induced responses 

where that much decreased that reliable dilatory responses to SNP and MCh could not 

be obtained. However, after 24h of preservation in PBS both dilatory responses to SNP 
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and MCh demonstrated a reduced maximal response, that just did not reached statistical 

significance for the endothelium-dependent relaxation to MCh. The relaxation evoked 

by both agents was unaffected after preservation in PBS-gluconate. 

Discussion 

In the present study a model for the rapid functional degradation after storage in 

preservation solutions has been introduced. Subsequently, the model was applied to 

investigate the effect of chloride deprivation during storage on the functional properties 

PBS PBS-gluconate 

B 

PBS PBS-gluconate 

Figure 1: Contractions (absolute, values in mN) of rat aorta preparations to a depolarising KCl-solution for the afferent 

time intervals of preservation studied (A). Maximal responses to phenylephrine (Emax as counted from the logistic curve fit 

analysis and expressed as absolute values (mN) ß). The three bars shown per individual solution represent the afferent 

time intervals (from left to right Oh (open bars), 24h (stacked bars), or 48h (black bars), respectively). PBS = phosphate-

buffered saline, PBS-gluconate = phosphate-buffered saline in whicg the chloride has been substituted by gluconate, 

experimental points represent mean ± SEM. *P < .05 compared to non-stored preparations. 
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of the vascular wall. The functional properties were investigated by means of isometric 

contractions and relaxations in a standard organ bath setup. 

After comparison of the different media, phosphate-buffered saline (PBS) proved to 

offer substantial benefits. Both contractile and dilatory responses, that remained intact 

after preservation in UW, were diminished after preservation in PBS. Therefore this 

preparation provided us with a model in which the functional properties of isolated rat 

aorta preparations deteriorate evenly during a time span of approximately 48 hours. 

This makes PBS an excellent basis for measuring the effect of single additions or 

substitutions. 

The experiments where chloride had been replaced by gluconate (PBS-gluconate), 

demonstrated a preservation of dilatory responses of preparations stored in the absence 

of chloride, whereas the decline in these responses in the preparations stored in PBS 

just passed statistical significance. Unexpectedly, the responses to Cti-adrenoceptor 

stimulation and KCl-depolarisation were transiently diminished after 24h of storage, and 

recovered after another 24h, in rat aorta preparations exposed to PBS-gluconate. The 

cause of this potentially delayed beneficiary effect of chloride absence is so far unclear. 

Hypothetically, the replacement of chloride by gluconate might cause time-dependent 

shifts in a i -receptor subtype population, receptor ligand binding properties and/or 

changes in signal transduction. However, since depolarisation-induced contractions 

were reduced as well, the function and/or number of the L-type calcium channels, 

involved in calcium influx during depolarisation, might be compromised after exposure 

to PBS/PBS-gluconate in rat aorta. 

The beneficial effects of low chloride levels of cardioplegic and of preservation 

solutions, have been reported for human endothelial cell cultures and porcine carotid 

arteries, respectively.7-8 The explanation of the advantages of the decrease of chloride 

content of preservation solutions by replacement with high molecular weight 

impermeable anions might be the regulation of cell edema. Furthermore, the chloride 

anions will bind calcium and magnesium and thus alter their free concentrations.7 

In conclusion these preliminary data indicate that low chloride content of preservation 

solutions is an important feature in their composition. The selective and temporary 

aspects of the changes associated with exposure to PBS-gluconate, require further 

investigation. 
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Introduction 

In recent years new techniques have been developed to harvest the saphenous vein 

(SV).1-4 These minimally invasive surgical, or skin-bridging, methods are used to 

diminish the wound surface, and hence reduce postoperative morbidity at the site of 

explantation. 

Surgical techniques have been shown to affect the functional properties and patency of 

venous grafts.58 Besides changes in endothelial integrity, the surgical manipulation of 

SV can result in vascular smooth muscle cell damage.57 Of the processes explaining 

venous graft failure, namely thrombosis, intimai hyperplasia and atherosclerosis, the first 

is triggered by phenomena like surgical-induced endothelial injury.5 Injury of vascular 

smooth muscle cell may affect responses to circulating vasoactive agents of the graft. 

Since new techniques became available for harvesting the SV, it seemed of interest to 

investigate the influence of these minimally invasive methods on the functional 

properties of the vein. The two skin-bridging techniques investigated in the present 

study consist of the mediastinoscope-assisted venectomy (MV) and the endoscope-

assisted venectomy CSV), respectively. We studied the vasoconstrictive and vasodilatory 

characteristics of saphenous vein remnants harvested by means of the new skin-bridging 

methods and compared them with those of conventionally dissected vein segments, in 

vitro. 

Materials and Methods 

Surgical I 

For each venectomy method investigated, one surgeon was involved per method, except 

for the conventional venectomy (CV). Harvest of the SV by the two skin-bridging 

methods was followed by cannulation, distension, preservation, and grafting as 

described for the conventional method. 

Conventional venectomy. Through a small incision at the medial side of the ankle, the SV 

was visualized and followed along its course by cutting the skin with a pair of scissors. 

Subsequently, the vein was cannulated at the distal end and distended with a cold 

heparinized Ringer-Lactate solution to ensure patency, to check for leaks and to 

surmount vascular spasm. The vein was dissected free from the surrounding tissue 

down to the adventitia, and side branches were ligated, followed by excision. Until 

grafting the prepared vein segment was stored in cold heparinized Ringer-Lactate 
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solution. The coronary anastomosis and flow were checked by flushing the graft with 

St. Thomas cardioplegic solution. 

Mediastinoscope-assisted extraluminal penectomy. The proximal part of the SV was identified 

after an incision of the skin in the lower inguinal region. Through a standard 

mediastinoscope and/or "Langenbeck" hook the skin was lifted and the vein visualized, 

followed by dissection with assistance of a mediastinoscopic suction cannula. Side 

branches were clipped by a 3-mm clip applier (Horizon Medical Inc, Week Closure 

Systems, Santa Ana, CA, U.S.A.). Additive skin incisions were made when the length of 

the mediastinoscope failed to bridge the segment necessary for grafting. 

Endoscope-assisted extraluminal penectomy. For endoscopic vein harvesting the Vasoview 

balloon dissection system (Origin Medsystem Inc, Menlo Park, CA, U.S.A.) was applied 

as described by Morris and colleagues.3 

Isolated pesselpreparations 

Saphenous vein remnants were obtained from 15 patients, with an age range of 51 to 73 

years, who were subjected to aortocoronary bypass operation, and without vein-

pathology in their medical history. All patients had chronic stable angina, except for two 

patients with instable angina pectoris. The antianginal medication the patients received 

consisted mainly of ß-blockers, calcium antagonists and (long-acting) nitrates. The 

patients gave written informed consent and the study was approved by the Ethics 

Committee of the Academic Medical Center. 

Saphenous vein remnants were obtained immediately after the last coronary 

anastomosis was completed and preserved in University of Wisconsin (UW) solution at 

4°C for 2 days. 

Experimental protocol 

Each piece of SV was cut into 4 rings of approximately 5-mm length. The rings were 

mounted between two L-shaped stainless steel hooks, in 8 mL organ baths filled with 

oxygenated Krebs-Henseleit solution of 37°C (pH 7.4). Each preparation was fixed, 

using a silk thread, to an isometric force transducer (ADI Instruments, Castle Hill, 

Australia), and force was recorded with a MacLab/8 computer system (ADI 

Instruments, Castle Hill, Australia). Each ring was subjected to a pretension of 40 mN, 

which was maintained throughout the experiment. After an equilibration period of 60 

minutes the vascular rings were primed and tested for viability, by exposing them twice 

to an isotonic KCl solution (KCl) of 123.8 mM. After wash out and one hour of 
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equilibration cumulative concentration-response curves were constructed for 

phenylephrine (Phe), the nitric oxide (NO)-donor sodium nitroprusside (SNP) and 

acetylcholine (ACh) (1 nM - 0.1 mM), respectively, with 1 hour intervals. For the 

relaxations to SNP and ACh, the rings were precontracted with Phe (10 uM). Since 

binding of ACh at the endothelial cell provokes the release of N O , which induces 

relaxation of vascular smooth muscle, the responses of the preparations to Ach were 

taken as evidence for the presence or absence of functional endothelium. 

Appropriate controls were run simultaneously in different ring preparations obtained 

from the same vascular segments. 

Preservation in UW-solution 

All preparations were preserved in UW-solution, prior to the actual experiments. The 

effect of preservation in UW on the functional properties of the SV preparations was 

investigated in a pilot study. Vein remnants of CV procedures, obtained from 27 

patients after aortocoronary bypass operation, were divided into 3 groups. In the first 

group the experiments were performed immediately after the remnants became 

available, thus without being preserved in UW-solution. The second and third groups of 

preparations were stored for 24 and 48 hours, respectively. The three groups of veins 

were compared with respect to their responses to a KCl solution, Phe, SNP and ACh, 

respectively, using the same experimental protocol as mentioned above for the 

comparison of the venectomy methods. 

Drugs and solutions used 

L-phenylephrine hydrochloride was obtained from Sigma (St.Louis, MO, U.S.A.); 

sodium nitroprusside dihydrate GR from Merck (Darmstadt, Germany); and 

acetylcholine chloride from Sigma (St. Louis, MO, U.S.A.). All drugs were dissolved in 

distilled water. 

The Krebs-Henseleit solution had the following composition (mM): NaCl 118.0, KCl 

4.7, N a H C 0 3 25.0, MgS0 4 1.2, CaCk 2.5, K H 2 P 0 4 1.1, and glucose 5.6; the heparinized 

Ringer-

Lactate: Na+ 146.8, Ca2+ 1.8, lactate 26.8, K+ 5.4; CI" 129.0, and 250 IU héparine per 500 

mL solution; and the St.Thomas cardioplegic solution: CaCb. 2.0, MgCh 16.0, KCl 20.0, 

NaCl 147.0, and Procai'ne-HCl 1.0. 

The composition of the University of Wisconsin solution (ViaSpan, Du Pont, 

Wilmington, DE, U.S.A.) has been described previously.9 
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The KCl solution had the same composition as the Krebs-Henseleit solution used, 

except for the NaCl which had been completely replaced by an equimolar amount of 

KCl, which resulted in a concentration of 123.8 mM. 

Statistical analysis 

The data were expressed as mean ± standard error of the mean for n observations. The 

concentration-response curves for the agonists were analyzed by using a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.) and 

the pÜ2 value (-log effective concentration that produces 50 % of the maximal effect 

[EC50]), as well as the maximal effect (Emax) were thus obtained. The statistical 

significance of the differences was analyzed by means of one-way analysis of variance 

(ANOVA) or Student's /-test. Values of p less than 0.05 were considered significant. 

Results 

The isolated saphenous vein preparations, obtained and preserved, as described above, 

showed stable responses to the pharmacological stimuli applied in the experiments. 

ACh 

Figure 1: Influence of preservation in University of Wisconsin solution for 0 (clear bars,), 24 (hatched bars,), and 48 

(black bars,) hours of isolated human saphenous vein preparations on the maximal responses of phenylephrine (Phe,), 

soâum nitroprusside (SNPJ, and acetylcholine (ACh,). The maximal effects (Bwcn) of Phe are expressed as relative 

responses of the contractions to potassium, and for those ofSNP and ACh of the maximum responses to the precontraction 

by Phe (10pM). Experimental points represent means ± standard error of the mean (n = 9). 
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In the study concerning the effect of the storage in UW on the functional properties of 

the SV segments, no alterations were observed in contractile and dilatory responses of 

the preparations after preservation, independently of the duration (Figure 1). The 

absolute values of the contractions to KCl were 21 ± 4, 25 ± 5, 28 ± 5 mN for the 

preparations preserved at 0 (n = 9), 24 (n = 9) and 48 hours (n = 9), respectively. 

Phenylephrine added to the organ bath, induced contractions with comparable 

sensitivity, calculated as the pD2-value from the logistic curve fit analysis (5.8 ± 0.1, 5.9 

± 0.2, 5.9 ± 0.1 for 0, 24, and 48 hours of preserved preparations, respectively) and 

maximal effect (Emax values of 101 ± 6%, 94 ± 7%, 93 ± 6% for the vein segments 

analyzed after 0, 24, and 48 hours of preservation, respectively). The dilatory responses 

to SNP had equivalent pD2-values (5.9 ± 0.3, 6.0 ± 0.2, 6.3 ± 0.1) and Emax values (130 

± 16%, 109 ± 8%, 118 ± 6%) for Oh, 24h and 48h stored preparations, respectively. 

The endothelium-dependent responses to ACh were not affected as by storage in UW, 

as shown by a maximal relaxation of the Phe-induced precontraction of segments 

stored 0, 24 and 48 hours, of 12 ± 3%, 10 ± 4%, 11 ± 4%, respectively. 

In SV preparations harvested by different surgical techniques, the absolute values of the 

contractile responses to KCl were 27 ± 5.0 mN, 42 ± 7.7 mN and 35 ± 13 mN for the 

CV (n = 6), MV (n = 5) and the EV (n = 4) harvested vein preparations, respectively. 

The cumulative addition of phenylephrine caused concentration-dependent contractions 

in the venous segments obtained via the three examined surgical methods (Figure 2, 
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Figure 2: Influence of distinct harvesting methods (conventional O , mediastinoscope-assisted • and endoscope-

assistedU) on the responses to phenylephrine (PUe). The contractions are expressed as percentages of the response to KCL 

Experimental points represents means ± SEM. 
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Agonist pD2 p Value Ema*(%) p Value 

Phe: CV 6.0±0.1 99±4 

MV 5.9+0.2 0.69 104±6 0.46 

EV 6.0±0.2 0.80 96±7 0.74 

SNP: CV 6.2±0.1 129±10 

MV 6.2±0.1 0.94 106+5 0.12 

EV 5.9±0.4 0.51 127±4 0.81 

Ach: CV 11+5 

MV 11±4 0.92 

EV 5±6 0.50 

The maximal contraction to Phe is shown as percentage of the maximal response to KCl, the maximal dilation to SNP 

and ACh is expressed as percentage of the precontractwn to Phe (10 ßM). Values are given as means ± SEM. 

Differences between means were compared using a 2-sided Student's t-testfor unpaired data, p values are of the comparison 

with CV. 

ACh = acetylcholine, C V = conventional venectomy, Emax = maximal effect, EV = endoscope-assisted venectomy, MV = 

mediastinoscope-asnsted venectomy, pD2 = negative log ECo value, Phe = phenylephrine, SNP = sodium nitroprusside 

Table 1). The sensitivity, and the maximal responses to Phe were similar for 

preparations obtained through the three surgical methods. After submaximal 

precontraction by means of Phe (lOuM) the addition of cumulative concentrations of 

SNP to the organ bath caused a relaxation below baseline-values (>100%) of all the 

precontracted vein rings (Figure 3A, Table 1). Neither the maximal responses to SNP, 

nor the sensitivity proved different, for the distinct harvested vein segments. In the 

three groups of precontracted preparations the exposition to ACh caused a dilation, 

with comparable maximal and pÜ2 values (Figure 3B, Table 1). 
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Figure 3: Influence of distinct harvesting methods (conventional O, mediastinoscope-assisted • , and endoscope-assisted 

U) on the dilatory properties of SV preparations, investigated by responses to (A) sodium nitroprusside (SNP,) and (B) 

acetylcholine (ACh,). The actions of SNP and ACh are expressed as relative responses of the precontraction to Phe 

(10/uM). Experimental points represent means ± SEM. 
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Discussion 

In SV preparations, obtained after different surgical harvesting methods (CV, MV or 

EV) the in vitro vascular reactivity was not diversely influenced. The contractile 

responses to KCl and Phe of the venous rings were comparable for the surgical 

techniques investigated (Table 1, Figure 2). Furthermore, the concentration-dependent 

dilatory responses to SNP and the endothelium-dependent vasodilator ACh were not 

affected differently as shown in Table 1, Figure 3. 

A special preservation medium was needed to transport the remnants to the laboratory. 

In order to standardize the procedure all preparations were stored in University of 

Wisconsin solution for 2 days, prior to the experiments comparing the three harvesting 

methods. In the past, UW demonstrated to be a suitable storage medium for the 

preservation of the functional properties of canine arteries10 as well as human SV11'12. In 

the present study as well, the responses to the substances utilized in the experiments 

concerning the comparison of the surgical methods (KCl, Phe, SNP and ACh) remained 

fully intact after preservation in UW (Figure I). 

To evaluate the viability and quality of saphenous vein used in aortocoronary bypass 

operation a functional method is preferable, since the presence of an intact structure of 

the vessel wall, as obtained by morphological studies, does not necessarily implicate a 

normal function of the tissue.1'4'6 For the functional experiments applied in the present 

study, all the vein segments were divided into a minimum of four rings. Among patients 

and rings of one group variance was minimal, and the used method seemed valid to 

demonstrate differences between small groups of experiments. While using a 

pharmacological method in vitro, extrapolation to the in vivo situation of the venous 

conduit can only be done with caution. Jett13 showed in dogs that graft flow depends 

not only on the effect of the drug on the conduit, as studied in vitro, but also on the 

effect of the drug on the regional vasculature, as studied in vivo. 

Defects of the endothelium can lead to thrombosis, and thus to graft stenosis or 

occlusion and are thereby one of the patency determining factors.5 Subsequently, the 

assessment of endothelial function by in vitro responses to ACh, could have a certain 

predictive value for the graft patency, although this matter would require appropriate 

clinical follow-up studies. In literature reports the maximal dilatory responses to ACh 

varies between 2 1 % and 34% in norepinephrine-precontracted isolated human SV 

segments taken after the dissection has been completed or immediately after exposure 

of the vein, respectively.14'15 In the present study the non-preserved, conventionally 

harvested, phenylephrine precontracted SV preparations demonstrated a maximal 

response of 12 + 5% to ACh. In the knowledge that the effector mechanism of N O in 



9 0 Saphenous vein harvesting techniques 

the vascular smooth muscle cell is intact, as proven with responses to SNP (Figures 1, 

3A), together with substantial evidence for the preservation of endothelial function in 

isolated vessels by UW (Figure l ) 1 0 1 2 , the smaller ACh-induced dilatory responses 

compared to those in the literature, can be explained by injury of the endothelial 

monolayer as a result of the venectomy. Possible factors influencing endothelial 

function during surgery, are the exposition to storage solutions (not UW)4-15, the used 

high pressure distension to overcome spasm of the SV15, conditions of ischemia5, and 

the surgical handling itself16. Maintaining all other factors for influencing the 

endothelium constant, with exception of the surgical handling, as in the present study, 

the found comparable dilatory responses to ACh, indicate that the type of manipulation 

was not decisive for the demonstrated degree of endothelial injury. 

In the present study, functional properties of the vein after minimally invasive 

harvesting are similar to those after CV. Our findings are in line with those reported in 

literature1-4, demonstrating comparable responses to 5-hydroxytryptamine, 

noradrenaline, SNP or ACh after a different harvesting method by use of a Mayo 

stripper, and endothelial release of vasoactive substances after endoscopic harvesting, 

respectively. One study demonstrated a graft patency rate between 80 and 94% at one-

year follow-up4. 

Upon evaluation of the clinical outcome of the patients treated with the investigated 

skin-bridging techniques, it appears that these techniques resulted in a reduction of 

postoperative complications at the site of explantation, compared to the CV procedures. 

The present study evidenced that the new minimally invasive harvesting techniques, 

compared to the conventional method, can be applied without significant loss of 

vascular reactivity. 
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Introduction 

In aortocoronary bypass surgery (CABG), calcium antagonists (CA), which are potent 

vasodilators, are successfully applied to prevent and treat graft spasm. The common 

mode of action of CA is the inhibition of calcium entry through voltage-dependent 

calcium channels into cells. From the characterized voltage-dependent calcium 

channels, only long-lasting (L-type) and transient (T-type) channels have been 

identified in vascular smooth muscle cells (VSMC).1.2 N(euronal)-type calcium channels 

are involved in the activation of nerve endings present in the vessel wall, leading to the 

release of noradrenaline and subsequent vasoconstriction.3 

Verapamil, a predominantly L-type calcium channel blocker, has been shown to 

prevent spasm of the saphenous vein (SV) when locally applied during its dissection.4 

Furthermore, after coronary revascularization with arterial grafts, patients are treated 

systemically with nitroglycerine or CA (nifedipine, diltiazem) to prevent spasm of the 

grafts.5'6 Another possible beneficial effect associated with the use of CA is the 

inhibition of VSMC proliferation, since verapamil demonstrated this property in cells 

originating from graft or native SV, in vitro.7 

In recent years new CA have been developed to reduce negative side effects associated 

with the clinical use of these compounds (negative inotropic action, reflextachycardia) 

and have been claimed to exert a higher vasoselectivity. One of these new CA, 

mibefradil (Ro 40-5967), blocks T-type Ca2+-channel currents in VSMC at lower 

concentrations than those necessary for L-type current blockade.8 Furthermore, 

mibefradil exerted a stronger inhibitory effect than verapamil on sympathetic 

neurotransmission, presumably caused by N-type calcium channel blockade.3 Recendy 

mibefradil has been demonstrated to posses an infarct size-limiting effect in the 

myocardium, which could be abolished by glibenclamide. These findings suggest that 

mibefradil might also activate KATP-channels in the myocardium.9 On VSMC of the 

injured rat carotid artery mibefradil demonstrated an antiproliferative effect. Rapidly 

proliferating cells express T-type calcium channels, mediating the increase of 

intracellular calcium induced by certain growth factors.10 

Since CA are applied to prevent arterial and venous graft spasm, and new compounds 

have been developed it seemed of interest to define the properties of CA necessary for 

an optimal prevention of graft spasm. Furthermore, little attention has been paid to the 

prevention of spasm of saphenous vein. Therefore, in the present study, verapamil, a 

classic CA, was compared to mibefradil, a CA with a particular pharmacological profile, 

in the human saphenous vein. 
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Materials and Methods 

Human isolated saphenous vein preparations 

Saphenous vein remnants were obtained from 27 patients subjected to CABG and 

without venous pathology in their medical history. All patients had chronic angina 

pectoris and were taking medication, consisting of ß-adrenoceptor blockers, long acting 

nitrates, calcium antagonists, lipid lowering drugs, ACE-inhibitors and diuretics, in 

various combinations. Written informed consent was received from all patients, and the 

study was approved by the Ethics Committee of the Academic Medical Center, 

according to the principles outlined in the Declaration of Helsinki. 

In order to standardize the experimental protocol for this material, more or less 

damaged by the surgical procedure, all preparations were stored in University of 

Wisconsin solution at 4°C for 2 days and the remaining endothelium was removed by 

rubbing of the intimai surface with a wooden rod. Each piece of SV was cut into rings 

of approximately 5-mm length, which were mounted between two L-shaped stainless 

steel hooks, in 8 mL organ baths filled with oxygenated Krebs-Henseleit solution of 

37°C (pH 7.4). Each preparation was fixed, via a silk thread, to an isometric force 

transducer (A.D. Instruments, Castle Hill, Australia) and force was recorded via a 

MacLab/8 computer system (A.D. Instruments, Casde Hill, Australia). The preparations 

were subjected to a pre-tension of 40 mN, which was maintained throughout the 

experiment. Appropriate controls were run simultaneously in different ring preparations 

obtained from the same vascular segments. 

Experimental protocol 

Potassium-induced contractions. After an equilibration period of 60 minutes the vascular 

rings were primed and tested for viability, by exposing them thrice to an isotonic 

potassium chloride solution (KCl) of 123.8 mM. The responses induced by the third 

potassium challenge were taken as maximal (100%). Preparations showing less than 10 

mN contraction in response to KCl, were discarded. One hour after the third KC1-

induced contraction, the effect of the CA on potassium-induced depolarization was 

established for verapamil (1 nM- 0.1 mM) or mibefradil (1 nM- 0.1 mM) as shown in 

Figure 1. In separate experiments this effect was studied in the presence of 

phentolamine (10 uM). 

Noradrenaline-induced contractions. After the priming procedure SV preparations were 

exposed to cumulative concentrations of noradrenaline (NA) (1 nM- 0.1 mM) to 
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construct the concentration-response curves. This was repeated after 60 minutes in the 

presence of the CA (Figure 1). 

Potassium-channels. After the first exposure to noradrenaline the SV preparations were 

either incubated with the KATP-potassium-channel blocker glibenclamide (30 mM) or 

the Kca-channel blocker charybdotoxin 0.1 uM (or vehicle) 60 minutes prior to the 

second exposure to noradrenaline in the presence or absence of mibefradil. 

Drugs used 

Acetylcholine chloride, glibenclamide, phentolamine hydrochloride, phenylephrine 

hydrochloride and verapamil hydrochloride were obtained from Sigma (St. Louis, MO, 

U.S.A.); mibefradil (Ro 40-5967) from Hoffman-LaRoche (Basel, Switzerland); 

noradrenaline bitartrate from Hoechst (Amsterdam, the Netherlands); propranolol 

hydrochloride from Research Biochemicals International (Natick, U.S.A.); ascorbic acid 

from Merck (Darmstadt, Germany); charybdotoxin from Bachern (Bubendorf, 

Switzerland). All drugs were dissolved in distilled water, except noradrenaline and 

glibenclamide. Noradrenaline was dissolved in a 0.1 mg/mL ascorbic acid containing 

solution. Glibenclamide was dissolved in 100% DMSO to a stock solution of 80 mM 

and subsequently diluted with 100% DMSO to the concentrations 8 mM and 0.8 mM, 

after which they were added to the organ bath. The vehicle did not affect the results as 

studied in separate control experiments (data not shown). 

Solutions used 

The Krebs-Henseleit solution used for the experiments had the following composition 

(mM): NaCl 118.0; KCl 4.7; N a H C 0 3 25.0; MgS0 4 1.2; CaCh 2.5; K H 2 P 0 4 1.1; and 

glucose 5.6. For the experiments with noradrenaline, propranolol (lpM) and ascorbic 

acid (0.1 mg/mL) were added. 

The KCl solution had the same composition as the Krebs-Henseleit solution used, 

except for the NaCl (118 mM) which had been replaced by an equimolar amount of 

KCl corresponding to a concentration of 123.8 mM. 

The composition of the University of Wisconsin solution (ViaSpan, Du Pont, 

Wilmington, DE, U.S.A.) has been described previously.11 
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Statistical analysis 

The data were expressed as means ± S.E.M. for n observations. The concentration-

response curves for the compounds investigated were analysed by using a computer 

program (Graph Pad, Institute for Scientific Informatics, San Diego, CA, U.S.A.). The 

pD2-value [-log effective concentration (molar) that produces 50 % of the maximal 

effect (IC50)], as well as the maximal effect (Emax) were thus obtained from the non

linear regression curve fit analysis for the individual experiments. The statistical 

significance of the differences was analysed by means of two-sided Student's t-test for 

unpaired data. Values of P of less than 0.05 were considered significant. 

Results 

Functional endothelium was absent after the denudation procedure as confirmed by the 

lack of a vasodilator effect of 1 uM acetylcholine after precontraction with 0.3 mM 

phenylephrine (data not shown). In 30% of the preparations spontaneous rhythmic 

contractions were observed which attenuated after application of either one of the two 

CA (1 uM). The addition of the CA, phentolamine or the potassium channel blockers to 

the organ bath did not affect the basal tension of the SV preparations. 
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Figure 2: The effect of incubation of isolated human saphenous vein preparations with verapamil (O) (n = 8) or 

mibefradil (%) (n = 7) on KCl-induced contractions, depicted as concentration-response curves. The KCl-induced 

contractions in the presence of the CA are representedas % of the responses to KCl, without the CA. Data are expressed 

as means ± S.E.M. *P < .0001 compared between the two calcium antagonists, as analysed using a 2-sided Student's t-

test. 
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Endothelium-denuded and in UW preserved isolated human SV preparations 

demonstrated a 27.3 ± 4.3 mN contraction in response to KCl, which remained stable 

throughout the experiments. 

The incubation of the vein preparations with verapamil or mibefradil caused a 

concentration-dependent inhibition of KCl-induced contractions as shown in Figure 2. 

Mibefradil was less potent and less effective than verapamil, in reducing the 

contractions to KCl, in isolated saphenous vein (Table 1). To exclude an effect of 

endogenous noradrenaline, released from adrenergic nerve endings in the tissue during 

depolarisation, the experiments were repeated in the presence of the non-selective a-

adrenoceptor blocker phentolamine (10 uM). The addition of phentolamine in the 

current experiments did not influence the actions of the CA in inhibiting contractions to 

potassium (Table 1). 

The effect of the CA on receptor-mediated contractions as tested for the a-

adrenoceptor agonist noradrenaline, were obtained in the presence of propranolol, to 

Table 1: Effect of mibefradil and verapamil on KCl-, and noradrenaline-induced contractions. 

n pD2 P ^ m a x P 

KCl M 7 5.4 + 0.2 .02* 63.3 + 4.6 <.0001* 
V 8 5.8 ±0.1 81.2 ±3.5 

M + Phent 5 5.4 ±0.2 .9* 61.6 ±3.3 .8* 

V + Phent 5 6.0 ±0.1 .3" 75.2 ± 10.5 .5* 
NA Ctrl 13 7.1 ±0.1 95.7 ±3.6 

M 13 6.6 ±0.1 .003* 62.8 ±5.8 <.0001* 
V 5 6.2 ±0.2 .0002t 61.0 ± 11.5 .002* 
M + Gli 5 6.4 ±0.1 .4* 58.5 ±7.5 .9* 
M + Char 5 6.9 ±0.1 .07* 73.7 ±9.7 1.0* 

The effect of verapamil (J) and mibefradil (M) on potassium-induced contractions (KCIJ (with I without phentolamine 

(PhentJJ. The effect of noradrenaline (NA) in the absence (control (Ctrl,),) and presence of mibefradil or verapamil), 

with I'without potassium channel blockers (glibenclamide (Gli,) and charybdotoxin fCharjj. 

Data are expressed as means ± S.E.M. ': verapamil vs mibefradil inhibiting KCl-induced contractions, #: KCl-induced 

contractions inhibited by calcium antagonists with vs without phentolamine, f.- inhibition ofNA-induced contractions by 

caldum antagonists vs control, *: NA-induced contractions inhibited by mibefradil with vs without potassium channel 

blocker. E m a x = maximal inhibition of KCl-induced contractions, and the maximal response to noradrenaline (as % of the 

maximal response induced by KCl), pD2 = -log effective concentration (molar) that produces 50% of the maximal effect 

(ECso) 
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Figure 3: The inhibition exerted by (A) verapamil (n - 5) (1 fM % and 10 /M O) or (B) mibe]'radii (n - 13) (1 

JJM • and 10 /JM O j , upon noradrenaline-induced contractions (A.)(n - 13). Data are expressed as means ± 

S.E.M. *P < .05 for the response of noradrenaline in the presence of calcium antagonist compared to control, as analysed 

using a 2-sided Student's t-test. 
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Figure 4: The inhibition exerted by 10 /JM mibefradil ( • ) upon noradrenaline-induced contractions ( A ) dependent of 

the potassium channel blockers glibenclamide 30 mM (D) (n = 5), and charybdotoxin 0.1 /JM ( O ) (n = 5). Data are 

expressed as means + S.E.M. 

exclude the ß-adrenoceptor-mediated effects of noradrenaline. Noradrenaline induced a 

maximal absolute contraction of 18.8 ± 1.8 mN in the isolated SV preparations. The 

contraction mediated by cumulative concentrations of noradrenaline was inhibited to 

the same extent, and in a concentration-dependent manner, after incubation of the vein 

rings with either mibefradil or verapamil (Figure 3). The CA caused a decrease in the 

potency of noradrenaline, as shown by a rightward shift, and reduced the efficacy, as 

reflected by a downward shift of the concentration response curve (Figure 3, Table 1). 

It has been submitted that mibefradil is a KATP-channelopener in the myocardium. 

Under the condition of alpha-adrenoceptor stimulation this property of mibefradil on 

potassium channels might play a role in its vasodilatory effect. However, the inhibition 

of NA-induced contractions by mibefradil was insensitive to either KA'i'p-channel 

blockade by glibenclamide or Kca-channel blockade by charybdotoxin (Figure 4, Table 

Discussion 

In the present study, the influence of verapamil upon receptor-, and non-receptor-

mediated contractions was investigated, and compared to mibefradil. In the 

pathogenesis of graft spasm both mechanisms of VSMC contraction are thought to be 
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involved. For the investigation of receptor-dependent responses, noradrenaline was 

selected. Catecholamines are circulating in high concentrations per- and postoperative 

CABG. Furthermore, (X2-adrenoceptors play a role in cold-induced vasospasm and in 

human SV noradrenaline activates a combination of postjunctional cci- and CC2-

adrenoceptors.12'13 

Mibefradil with its particular pharmacological profile appeared to be a promising 

compound in the treatment of patients that underwent cardiothoracic surgery, especially 

because of the lack of negative inotropic activity compared to other CA. Despite the 

fact that mibefradil is no longer available for clinical use, in this study it was applied as 

an innovative pharmacological tool to analyse the mechanism underlying vasospasm and 

the mechanisms of action of CA in preventing spasm. 

In the SV preparations incubated with the CA, verapamil was demonstrated to be a 

more potent and effective inhibitor of KCl-induced contractions than mibefradil. The 

shown difference in potency between the two CA is likely to be due to their affinities 

for L-type calcium channels. The threshold potential for opening of T-type calcium 

channels is lower than that of L-type channels, and T-type calcium channels are rapidly 

inactivated. Therefore, under the conditions of prolonged KCl-induced membrane 

depolarization only the L-type calcium channels are activated.1 The difference in 

efficacy between the two compounds has to be explained by a difference in modulating 

the probability that the channel is open resulting from binding at the L-type calcium 

channel. Verapamil and mibefradil bind at different sites of the L-type calcium channel, 

and this may explain a higher blocking activity of verapamil, as found in our present 

experiments.8 

In the present study neither verapamil nor mibefradil inhibited the réponses to KCl 

completely. An interfering role for release of noradrenaline from adrenergic nerve 

endings in the tissue during potassium-induced depolarization, resulting in a contraction 

less sensitive to calcium channel blockade, could not be confirmed. From this 

observation we also conclude that N-type calcium channels, present on the nerve 

endings, are probably functionally irrelevant in human SV preparations. For both 

verapamil and mibefradil it has been described that these CA are more effective in 

reducing contractions when administered after instead of before the contraction to 

KCl.14 The contribution of intra-, and extracellular Ca2+ may differ for the initiation and 

the maintenance phase of VSMC contraction and the binding affinity of certain CA for 

the calcium channel increases during depolarisation.14-15 Therefore, the effect of CA may 

vary, depending on the moment of application. 

Contractions of VSMC evoked by a-adrenergic stimulation are the result of the release 

of calcium from intracellular stores, the increase in sensitivity of the contractile 
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apparatus to calcium and the depolarization resulting from the increase in intracellular 

calcium.15 In the present study the two CA (10 uM) inhibited the noradrenaline-induced 

vasoconstrictor responses equally well. The fact that verapamil inhibited responses to 

potassium more effectively than noradrenaline-induced constrictor effects is probably 

due to the higher number of L-type calcium channels activated during KC1-

depolarisation compared to a-adrenergic activation. The rightward shift of the 

noradrenaline concentration response curve might indicate an antagonism at the level of 

the Ct-adrenoceptor by both CA. This effect has been described previously for 

verapamil, but thus far not for mibefradil.16 

In the condition of a-adrenergic activation the depolarisation is expected to be less 

pronounced than during exposure to 123.8 mM KCl. Therefore, under the condition of 

a-receptor stimulation the activity of potassium channels is expected to be relevant. 

Since mibefradil displays a glibenclamide-sensitive effect in the myocardium, the present 

study evaluated the effect of mibefradil on KATP-, and Kca-channels during NA-induced 

contractions. In human SV mibefradil's action on responses to noradrenaline was 

independent of glibenclamide-sensitive or charybdotoxin-sensitive mechanisms. 

Mibefradil has been demonstrated to stimulate the release of nitric oxide from the 

endothelium and to facilitate its effect in VSMC in various arteries.14 Some other CA 

exhibit a similar effect. However, in a previous study we have shown that the 

endothelial function of human SV preparations is impaired because of injury during the 

surgical procedure.17 Accordingly, this effect of the CA does probably not play a 

significant role, with respect to the efficacy of CA in the treatment or prevention of 

venous graft spasm. 

In summary, after incubation of isolated, endothelium-denuded human SV preparations, 

verapamil was demonstrated to be more potent and effective in inhibiting KCl-induced 

contractions, but equipotent and effective in reducing responses to noradrenaline when 

compared to mibefradil. Potassium channel opening properties of mibefradil in isolated 

veins could not be confirmed. The functional role of both N-type as well as T-type 

calcium channels blockade by mibefradil in isolated SV preparations proved negligible. 

Under the conditions investigated the mode of action of CA in the suppression of 

vasospasm in human SV grafts can be explained by two pharmacological properties of 

the compounds: first the L-type calcium channel blocking effect and second the 

antagonism at the level of the the a-adrenoceptors. Since both mechanisms are thought 

to be involved in the pathogenesis of graft spasm the current findings explain the 

effectiveness of prevention of graft spasm with CA. Any advantage of additional T-, and 

N-type calcium channel blockade of mibefradil could not be confirmed in isolated SV 

preparations. As demonstrated earlier by Roubos et al.4 the topical and intraluminal 



104 Saphenous vein and caldum antagonists 

application of a solution of verapamil in combination with glycerylttinitrate during the 

harvest of the saphenous vein improved endothelial function and prevented vein spasm 

sufficiently. Also in this study verapamil, demonstrated to be a potent dilator of SV and 

it can be recommended to apply this CA in a clinical setting to prevent spasm of 

saphenous vein. 
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Introduct ion 

Graft spasm in the perioperative period increases the morbidity and mortality associated 

with aortocoronary bypass surgery (CABG). The internal mammary artery (IMA) may 

develop spasm during grafting to the coronary circulation and may contribute to 

perioperative infarction. Spasm of the saphenous vein (SV) may be provoked during its 

removal from the leg. To overcome SV contraction high-pressure distension is often 

applied. The exposure to high-pressure distension and the spasm itself are detrimental 

for the integrity of the vascular wall, and may reduce the patency of the graft.1 

Postoperative spasm of venous grafts may also be a problem, as demonstrated in several 

case reports.2,3 

The underlying mechanism of graft spasm remains to be elucidated. Most probably 

spasm is the result of the sum of several factors such as the exposure to cold, circulating 

vasoconstrictor substances and endothelial dysfunction.4'5 Literature data showed 

differences in the responsiveness of SV and IMA to vasodilators, that proved 

dependent on the spasmogenic agent used. This observation may indicate functional 

dissimilarities between arterial and venous grafts.68 

At present in our clinic, prevention of spasm of IMA is achieved by the substernal 

storage of the vessel in a gauze submerged with papaverine solution (5 mg/mL) and/or 

by the intraluminal application of papaverine. Postoperatively, all patients with arterial 

grafts receive nitroglycerine via continuous IV infusion for 24 hours. For the prevention 

of SV spasm no particular measures are applied at the moment. It has been submitted 

that the use of papaverine might impair the endothelial function and/or integrity.9 The 

systemic application of nitroglycerine has been shown to improve general 

hemodynamics in patients subjected to CABG10, but the systemic vasodilation 

provoked by this agent may be problematic10'11. In this connection the systemic 

application of calcium antagonists (CA) proved to prevent ischemic and arrhythmic 

complications better than nitroglycerin, and when given in appropriate doses the CA did 

not influence the systemic circulation.12'13 Accordingly, the selection of an appropriate 

spasmolytic agent should be determined by its effectiveness against multiple 

mechanisms of vasocontraction, the duration of action, possible detrimental effects on 

the vessel wall integrity and adverse systemic effects. At present most agents are applied 

during the operation topically and/or intraluminally. The time span available to 

submerge the segments already dissected, and/or during harvesting is limited. 

Consequently, the onset of action of the spasmolytic agent must be rapid as well. 
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The aim of the present study was to investigate whether a long acting CA may prevent 

graft spasm for a longer period of time after short-term exposure of the isolated vessel 

segments during the surgical procedure. 

In recent years new calcium antagonists have been developed with a more favourable 

kinetic profile than classical drugs. Owing to their slow onset of action reflex 

tachycardia is avoided, whereas they may display a prolonged duration of action and 

vasoselectivity. These characteristics are in part determined by physicochemical 

properties like the lipophilicity.14.15 This parameter, expressed as membrane partition 

coefficient (log P), denotes the proportion of substance solved in a lipophilic membrane 

relative to the amount in aqueous medium. 

The lipophilic CA selected for the present study was lacidipine. This CA proved to 

possess a very long duration of action compared to other CA of the 1,4-

dihydropyridine-class in various isolated vessels. The long duration of action can be 

explained by the high lipophilicity of the compound (Table l).14.15 In the present study 

the inhibitory action of lacidipine was studied in isolated human IMA and SV 

preparations with respect to contractile responses induced by a high concentration of 

potassium (KCl) or by the Oti-adrenoceptor agonist phenylephrine. The effect of 

lacidipine at contractile responses was compared to that of nifedipine, a classical short 

acting CA, with a low lipophilicity (Table 1, Figure 1). For the evaluation of the effect of 

lacidipine in comparison to the currently applied spasmolytic measure, responses to 

papaverine were established as well. Since patients with arterial grafts for myocardial 

revascularisation receive nitroglycerine IV for 24 hours, this time period was selected to 

observe the effect of the three different spasmolytic compounds. 

Table 1: lipophilic properties of the compounds tested, expressed as log P. 

Compound log P-value 

Papaverine 3.69 

Nifedipine 2.5 

Lacidipine 539 
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Figure 1: Chemical structures of lacidipine, nifedipine and papaverine. 

Materials and Methods 

Human vessel preparations 

Saphenous vein and mammary artery remnants were obtained from 15 patients 

subjected to CABG. The patient's characteristics are summarised in Table 2. Written 

informed consent was received from all patients, and the study was approved by the 



Chapter 7 111 

Ethics Committee of the Academic Medical Center, according to the principles outlined 

in the Declaration of Helsinki. 

All preparations were immediately stored in University of Wisconsin solution at 4°C for 

24-48 hours. In a previous study it was demonstrated that functional properties of 

vessels stored in University of Wisconsin are preserved.5 

Experimental protocol 

For the experiments adhesive tissue was removed and each blood vessel segment was 

cut into rings of approximately 5-mm length. The rings were mounted between two L-

shaped stainless steel hooks in 5-mL organ baths continuously superfused with 

oxygenated Krebs-Henseleit solution of 37°C (pH 7.4). The rate of superfusion was 2-

mL.min-1, and this was obtained by using a multichannel roller pump (Masterflex, Cole-

Palmer Instrumental Company, Chicago, Illinois, U.S.A.). Each preparation was fixed, 

via a silk thread, to an isometric force transducer (A.D. Instruments, Castle Hill, 

Australia) and force was recorded via a MacLab/8 computer system (A.D. Instruments, 

Castle Hill, Australia). The SV and IMA preparations were subjected to a pre-tension of 

20 mN and 40 mN respectively, which was maintained throughout the experiment. 

After an equilibration period of 60 minutes the vascular rings were primed and tested 

for viability, by exposing them twice to a potassium chloride solution 

Table 2: "Patient's characteristics 

Parameter 

11/4 
Sex (M/F) 

Age (mean ± SEM) 65.2 ± 1.6 

Angina Pectoris (New York Heart Association classification) > |||/|V 

Risk factors 15/15 

(>1 of hypertension, hyperlipidaemia, smoking, and/or positive family history) 

Medication 

nitrates 6/15 

calcium channel blockers 9/15 

ß-blockers 12/15 

ACE-inhibitors 6/15 

diuretics 3/15 

platelet aggregation inhibitors 11/15 

lipid lowering drugs 10/15 
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(KCl) (60 mM) with 30 minute intervals. Subsequently a single concentration of the (Xi-

adrenergic receptor agonist phenylephrine (0.3 mM) was added and once the vascular 

contraction had reached a plateau, endothelium-dependent vasodilation was tested by 

exposure to methacholine (luM). The priming procedure was completed by a third 

KCl-induced contraction. The responses induced by the third potassium challenge were 

taken as maximal (100%), and the following contractions to KCl in the presence of one 

of the agents tested were expressed as a percentage of the maximum. Preparations 

showing less than 10 mN contraction provoked by KCl were discarded. 

Immediately after the last KCl-induced response the ring preparations were submerged 

with solutions of an equal concentration of lacidipine, nifedipine or papaverine (0.1 

mM) for 30 minutes, respectively. Directly after the incubation period contractions 

evoked by KCl or phenylephrine were established. The preparations were flushed three 

times with fresh buffer and during the next 24 hours contractions mediated by KCl or 

phenylephrine were repeated every 30 minutes for 24 hours, after each KCl-induced 

contraction, followed by continuous superfusion. 

Appropriate controls were run simultaneously in different ring preparations obtained 

from the same vascular segments. 

Drugs used 

Acetyl-ß-methylcholine chloride, nifedipine, papaverine hydrochloride and 

phenylephrine hydrochloride were obtained from Sigma (St. Louis, MO, U.S.A.); 

lacidipine from Boehringer Ingelheim (Alkmaar, The Netherlands). 

All drugs were dissolved in distilled water, except nifedipine and lacidipine. Nifedipine 

was dissolved in 67% dimethyl sulfoxide (DMSO) to a stock solution of 10 mM and 

lacidipine was dissolved in 100% DMSO to a stock solution of 20 mM. The maximal 

concentration of the vehicle in the organ bath was 0.7% and it did not affect the results 

as studied in separate control experiments. All experiments were performed under the 

exclusion of light. 

Solutions used 

The Krebs-Henseleit solution used for the experiments had the following composition 

(mM): NaCl 118.0; KCl 4.7; N a H C 0 3 25.0; MgS0 4 1.2; CaCl2 2.5; KH2PO4 1.1; and 

glucose 5.6. 

The KCl solution had the same composition as the Krebs-Henseleit solution used, 

except for the NaCl (118 mM) which had been partially replaced by an amount of KCl 

corresponding to a concentration of 60 mM. 
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The composition of the University of Wisconsin solution (ViaSpan, Du Pont, 

Wilmington, DE, U.S.A.) has been described previously.16 

Statistical analysis 

The data were expressed as means + S.E.M. for n observations. The results for the 

compounds investigated were analysed by using a computer program (Graph Pad, 

Institute for Scientific Informatics, San Diego, CA, U.S.A.). The statistical significance 

of the differences was analysed by means of two-sided Student's /-test for unpaired data. 

Values of P < .05 were considered significant. 

Results 

Internal mammarian artery 

In human IMA preparations the absolute contractile force induced by 60 mM KC1-

solution amounted 18.1 ± 0.8 mN. In the control preparations this response could be 

maintained during the experiment and was 112.5 + 14.1% of the initial value after 24 

hours of superfusion (Figure 2A). 

The incubation of IMA ring preparations with lacidipine, nifedipine or papaverine (0.1 

mM) for 30 minutes resulted in the inhibitions of KCl-induced responses that were 

similar for the three compounds. Contractile force produced after incubation was 34.6 ± 

11.1%, 20.1 ± 4.4% and 9.6 ± 4.4% of the initial value for lacidipine, nifedipine and 

papaverine, respectively (P n.s.) (Figure 3). 

After a washout period of 30 minutes the inhibitory effect of papaverine was less than 

that shown for lacidipine or nifedipine, and completely absent after another 30 minutes 

(Figure 2A). The duration of action of nifedipine was longer when compared to 

papaverine. Nifedipine reached its maximal effect (85.1 ± 1.3% inhibition) 30 minutes 

after the end of the incubation period. Following 1.5 hour of superfusion the inhibitory 

effect of nifedipine was smaller than that of lacidipine. The blockade by nifedipine of 

KCl-induced contractions was attenuated at 8.5 hours, and the contractile force evoked 

by depolarisation was comparable to that of control preparations (Figure 2A). 

Immediately after exposure to lacidipine the inhibition of responses to KCl amounted 

65.4 ± 11.1% and increased during the next 1.5 hour to its maximum of 89.4 ± 3.1%. 

The inhibition by lacidipine of potassium-evoked contraction was maintained after 1.5 

hour and persisted throughout the 24 hours experiment (Figure 2A). 
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In isolated IMA-preparations the maximal effect at contractions elicited by 

depolarisation was identical for the three compounds tested, thus only the time 

necessary to reach the maximal effect was different. 

Saphenous vein 

In isolated human SV preparations the exposure to KCl produced contractions of 22.4 

± 1 . 7 mN. In control SV rings the responses induced by potassium were reproducible 

during the experiment and amounted to 73.8 ± 15.8 % of the initial value after 24 hours 

of superfusion (P = n.s.) (Figure 2B). 

In contrast to the IMA preparations, the direct inhibition in SV caused by the three 

compounds was significantly different (Figure 3). The contraction evoked by 

depolarisation immediately after incubation was 61.3 ± 2 .1% of the basic value in 

preparations exposed to lacidipine, 21.6 ± 3.3% to nifedipine and 5.4 ± 1.3% to 

papaverine, respectively in - 6-7, P < .05). The time required to reach the maximal 

effect with the concentration of 0.1 mM was different between the three compounds. 

For lacidipine 3.5 hours were necessary to reduce contractions to KCl by 76.6 ± 3.1%, 

for nifedipine 0.5 hour for 79.4 ± 3.5%, whereas papaverine reached its maximal action 

(94.6 ± 1.3%) directly after incubation (Figure 2B). Furthermore, the maximal inhibition 

by papaverine was stronger than that by lacidipine or nifedipine, whereas the 
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Figure 3: The KCl-induced contractions immediately after incubation of IMA and SV preparations with lacidipine, 

nifedipine or papaverine. Data are expressed as percentage of the maximal response to 60 mM of KCl in the absence of the 
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antagonistic effect of lacidipine and nifedipine was the same. In SV lacidipine exhibited 

less inhibition on depolarisation-produced contractile force than in IMA-preparations. 

With respect to the duration of action of the three compounds continuously superfused, 

the following rank order was obtained in isolated SV and IMA preparations: lacidipine 

> nifedipine > papaverine. In isolated SV the effect of lacidipine was maximal after 3.5 

hours and persisted for 24 hours. The effect of nifedipine was abolished after 4.5 hours 

of superfusion, and that of papaverine after 1.5 hour (Figure 2B). The duration of action 

of lacidipine was equal in SV and IMA rings. However, the duration of action of 

nifedipine was shorter in the venous preparations (4.5 compared to 8.5 hours in IMA), 

and that of papaverine longer (1.5 compared to 1 hour in IMA). 

Phenylephrine-induced contractile responses 

In both preparations, IMA as well as SV, phenylephrine (0.3 mM) could induce 

contractile responses which amounted to 13.4 ± 2.0 mN in IMA and 28.8 ± 5.0 mN in 

SV, respectively (P < .05, n - 4). Lacidipine (0.1 mM) inhibited responses to 

phenylephrine in IMA maximal by 74.7 ± 8.4%, after 2.5 hours of superfusion (Figure 

4A). In SV the maximal effect (± 50 %, P < .05 compared to IMA, n = 4) was reached 

after 2 hours of superfusion (Figure 4B). The inhibition of phenylephrine-induced 

contractions was less pronounced when compared to KCl-induced contractions, 

independent of the preparation studied (Figure 4). 

Discussion 

To prevent spasm of internal mammary artery and saphenous vein grafts several 

pharmacological agents have been tested in vitro and in vivo. Besides papaverine and 

nitroglycerine, phosphodiesterase inhibitors, calcium antagonists, ß-blockers and 

potassium channel openers have been evaluated.6.-s,i7-i9 j n m e present study the calcium 

antagonist lacidipine was selected because of its very long duration of action. This 

property of the lacidipine may be caused by a specific physicochemical property, the 

lipophilicity. The lipid solubility of lacidipine implies that the compound dissolves very 

easily in lipid rich compartments such as the cell membrane. From these compartments 

it is slowly released and subsequently reaches the calcium channels.14'15 

In IMA, SV as well as coronary artery, CA proved potent spasmolytic agents when 

applied topically or systemically.8'12'13'18 The pathogenesis of vasospasm is unclear yet, 

however, the recently found increased number of L-type calcium channels in vascular 

smooth muscle cells within the spastic site of coronary arteries, might explain the 
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successful treatment of coronary artery spasm with CA.20 Furthermore, CA might 

improve grafts' long-term patency as a result of their effect on gene expression and 

extracellular matrix formation in human vascular smooth muscle cells.21 

The effect of the compounds was evaluated with respect to depolarisation-induced and 

ai-adrenoceptor-mediated contractions. Depolarisation is the result of vascular smooth 

muscle cell stimulation by a multitude of agents. Phenylephrine was selected since it has 

been demonstrated that in patients subjected to CABG high levels of catecholamines 

are circulating and that a-adrenergic responses in IMA are predominantly mediated by 

postjunctional ai-adrenoceptors.22 The comparison of the maximal contractile force 

induced by phenylephrine showed that SV developed stronger responses than IMA, 

which is consistent with the findings in other relevant studies.7'8 

In this model of superfusion it was demonstrated that the effect of incubation with 

papaverine was abolished after 1 and 1.5 hours of wash out in IMA and SV, 

respectively. In previous studies the effect of papaverine was maintained during 2 hours, 

but was not evaluated for a longer period time.1'23 The shorter duration of action of 

papaverine compared to nifedipine and lacidipine cannot be explained by the 

lipophilicity of the three compounds solely, since the logP-value of papaverine was 

higher than that of nifedipine (Table 1). Other physicochemical properties might play a 

role, like the presence of a basic nitrogen present in the chemical structure of 

papaverine (Figure 1), which leads to a lower pKß-value of papaverine compared to the 

other two agents, implicating a higher water solubility for papaverine. In vivo the 

submersion of the pedicle enclosing the IMA in a papaverine solution might prolong 

the effect of the agent because of its slow release from the fat tissue.24 However, 

because of its high lipophilicity this effect must be present for lacidipine as well. 

The onset of action should, as mentioned above, be rapid. Only then peroperatively 

occurring spasm can be prevented or counteracted. The onset of action of lacidipine in 

arteries was demonstrated to be slow.15 To overcome this problem we used a high 

concentration of lacidipine, since in the clinical setting only limited time is available for 

incubation during the operation. Indeed in IMA the effect on KCl-induced contractile 

force reached immediately after 30 minutes of incubation with the three compounds 

was equal. After reaching this effect the spasmolytic action of lacidipine continued to 

increase up to 1,5 h, whereas the effects of papaverine and nifedipine started to 

diminish. In isolated SV, however, the effect of lacidipine immediately after submersion 

was less when compared with the other compounds, and needed 3.5 hours to achieve its 

maximal effect. The inhibition by lacidipine of depolarisation-mediated contractions, 

reached immediately after incubation amounted up to 39% in SV and 65% in IMA, 

respectively. However, for the clinical application an inhibition of 39% of the SV spasm 
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will probably increase the lumen diameter sufficiently. In SV lacidipine needed more 

time for its onset of action when compared to IMA, and the maximal effect reached 

with the single concentration applied was less for KCl-induced as well as phenylephrine-

induced contractions. Several factors might contribute to these dissimilarities found 

between the artery and the vein. For example the wall thickness, distribution and 

properties of calcium channels, and/or the underlying mechanism of contraction 

induced. 

The excessively long duration of action of lacidipine in IMA and SV exceeded the 

boundaries of our protocol. Because of its comparable mechanism of action with 

nifedipine (both 1,4-dihydropyridines) the prolonged effect of lacidipine when 

compared to nifedipine, is most probably explained by its lipophilicity. 

In summary, the present study demonstrated that after the relatively short exposure to a 

specific concentration of a highly lipophilic calcium antagonist, spasm induced by 

depolarisation as well as by a-adrenergic stimulation of IMA and SV could be inhibited. 

The onset of the spasmolytic effect was rapid, and/or sufficient to suppress spasm, and 

sustained for more than 24 hours. The demonstrated difference in the arterial and 

venous preparations of the effect of lacidipine is determined by vessel specific 

properties. The application of papaverine appears to prevent graft spasm only during a 

few hours and might also impair endothelial function, according to literature data. The 

systemic application of nitroglycerin can be associated with adverse effects. Before 

clinical application of lacidipine, further experimental investigations in vivo will be 

required to determine the effect of slow release of the compound on the myocardium 

and the systemic circulation. 

In conclusion, the present study may offer a new approach to prevent graft spasm 

utilising a CA with a very long duration of action. The long spasmolytic effect of 

lacidipine is likely to be caused by its lipophilic character. The incubation of the isolated 

vessel segments during CABG with this compound, proved promising and beneficial 

compared with the currently applied method with papaverine and nitroglycerine. 
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In the present study several factors which may influence the functional status of venous 

and arterial coronary bypass grafts were investigated, and a first step towards the 

improvement of the currently applied harvesting procedure was made. Perioperative 

factors that might change functional characteristics of the vascular wall such as the pré

existent condition of congestive heart failure (CHF), the exposure to (cardioplegic) 

solutions, and to surgical manipulation were investigated. Furthermore, the optimal 

preservation medium for SV, and the role in preservation of certain components of the 

solutions were determined. Finally, to improve the harvesting procedure the effect of 

calcium antagonists as potential spasmolytic agents in SV and IMA, was evaluated. The 

functional, pharmacological methods applied to estimate the quality of the blood vessels 

may offer important additional information beyond morphological investigations, which 

can only demonstrate the characteristics and presence of structures, without giving a 

clue to their functional relevance in vivo. 

The alterations in SV function induced by the condition of CHF were determined in 

two rabbit models, reflecting the most prominent causes of the disease in patients 

subjected to CABG. SV obtained from rabbits exposed to volume-, and pressure-

overload displayed an increase in contractile responses to a-adrenergic stimulation, 

whereas the dilatory reaction such as endothelium-, and ß-adrenoceptor-mediated 

relaxations was diminished. Furthermore, the sensitivity to angiotensin II was reduced 

in these preparations. The exposure to elevated plasma levels of neurotransmitters and 

hormones, secondary to the activation of the sympathetic nervous system and the renin-

angiotensin-aldosterone system in CHF, might play a causative role concerning these 

alterations. However, no functional changes were observed in SV from rabbit subjected 

to myocardial infarction. The explanation for this discrepancy might be the different 

pathophysiological mechanisms as well as the different degrees of heart failure between 

the two models. 

Concerning the preservation of functional properties, University of Wisconsin solution, 

the gold standard in solid organ preservation, proved an excellent storage medium for 

human and rabbit SV, and rat aorta, respectively, for a period up to 48 hours. The effect 

of exposure to (cardioplegic) solutions and the role of chloride, as a component of these 

solutions were investigated in isolated rabbit lateral SV and rat aorta preparations. 

Contrary to our expectations the exposure to St. Thomas' cardioplegic solution and 

heparinised Ringer's lactate, as performed during CABG, did not influence SV function, 

even if the exposure time was prolonged to 48 hours. The high concentrations of 

potassium and chloride apparently did not play a major role in SV function 

preservation. However, the exposure to saline, whether phosphate-buffered or not, 

induced functional deterioration of SV and aorta, respectively, after 24 hours. In the 
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latter preparation high chloride concentrations induced a decline of function, as proved 

by the absence of this phenomenon when the chloride in the solution had been replaced 

by gluconate. The underlying mechanisms of chloride's injurious effect, the absence of 

this effect after preservation of SV in cardioplegic solution, and eventual beneficial 

effects of gluconate itself deserve further investigation. 

The application of minimally invasive venectomy techniques to reduce postoperative 

wound complications and the knowledge that surgical manipulation influences graft 

performance, prompted us to investigate the functional status of the SV dissected by 

these new procedures. Human SV preparations obtained after endoscope-assisted 

(Vasoview)-venectomy, and mediastinoscope-assisted venectomy were compared to 

conventional dissected preparations with respect to depolarisation-, and oc-adrenergic-

induced contractions as well as to endothelium-dependent, and -independent 

vasodilation, respectively. The endothelium-dependent relaxation induced by 

acetylcholine in these preparations was minimal, however, and all functional parameters 

assessed proved not to be influenced by the harvesting method applied. 

It becomes more and more apparent that spasm of SV during its removal and the high-

pressure distension required to overcome spasm are detrimental to SV graft 

performance, in vivo. Therefore, pharmacological intervention with a spasmolytic agent 

might be of great benefit. In addition, the currently applied pharmacological prevention 

of arterial graft spasm can be improved, since the agents applied may have some 

disadvantageous effects on vascular wall function or hemodynamics. Accordingly, 

calcium antagonists as potential spasmolytic agents were investigated in human SV and 

IMA preparations. In a comparative study on verapamil and mibefradil, it was 

demonstrated that in human SV their mechanism of dilation is explained by a blockade 

of L-type calcium channels. Under the conditions of potassium-induced depolarisation 

and noradrenaline-evoked contractions an effect on T-type calcium channels or 

potassium channels could not be demonstrated in human SV. In the subsequent 

experiments, lacidipine, a calcium antagonist with a long duration of action, was 

investigated with respect to its action after a relatively short incubation of the 

preparations, and the duration of this spasmolytic action in isolated human SV and 

IMA. In both preparations lacidipine caused a sufficient and strong spasmolytic effect 

immediately after incubation at receptor-dependent, and —independent contractions, 

which was maintained for more than 24 hours. The long duration of action can be 

explained by the lipophilicity of the compound, although we observed that the duration 

of action of papaverine, which is more lipophilic than nifedipine, proved shorter. 

Therefore, other chemical properties of the compound play a role as well. Whether this 
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potential peroperative treatment of grafts to prevent spasm can be applied clinically 

requires further investigation. 

In conclusion, the condition of congestive heart failure results in the combination of 

increased contractile and reduced dilatory responses of SV, and it is therefore an 

additive point of concern in the perioperative management of patients with this pré

existent disease subjected to CABG. The exposure to the currently applied solutions to 

store and rinse the SV during CABG do not influence its functional status, and they are 

therefore unlikely to play a pivotal role in the high incidence of failure of venous grafts. 

Human SV can be stored for 48 hours for reoperation, transplantation surgery or 

pharmacological study purposes, in University of Wisconsin solution of 4°C without a 

loss of functional characteristics. The surgical manipulation of the SV during its 

dissection and anastomosis clearly impairs endothelial-dependent relaxation. However, 

the new minimally invasive harvesting methods do not injure the vessel wall in a 

different manner than the classical techniques, and they can therefore be applied taking 

into account their advantages with respect to postoperative wound complications. The 

spasm of SV and IMA can be adequately prevented directly and for a longer period of 

time after the single incubation of the isolated vessels with lacidipine, a lipophilic, long-

acting calcium antagonist. 
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SUMMARY 

Chapter 1 

The introduction offers an overview of the history of myocardial revascularisation in 

combination with pharmacology, the morphological, biophysical/-chemical, and 

pharmacological properties of saphenous vein (SV) and internal mammary artery (IMA), 

and finally the epidemiology and pathogenesis of graft failure after aortocoronary 

bypass grafting (CABG). 

Coronary artery bypass graft failure is a growing dilemma in clinical practice since the 

number of patients subjected to CABG is still increasing. Ten years after CABG only 

60% of the venous grafts are patent, and of these patent grafts another 50 % display a 

significant degree of stenosis. The recurrence of clinical symptoms and the need for 

reintervention shows a similar pattern. Compared to venous grafts, arterial grafts 

perform better and exhibit patency rates of 90% after 10 years, or even longer periods 

of follow-up. 

Three pathofysiological-linked processes form the basis of SV graft disease, which are 

thrombosis, intimai hyperplasia, and atherosclerosis. The IMA possesses a relative 

immunity against atherosclerosis. Specific intrinsic properties make the vein more 

vulnerable to graft failure. Other factors influencing venous graft performance can be 

divided into patient-related, vessel-related, and surgical procedure-related factors. A 

central role in the pathogenesis of graft failure plays the changes in endothelial, and 

probably, vascular smooth muscle cell function, due to the aforementioned factors. 

With the increasing knowledge of the underlying mechanism of graft failure more and 

more strategies are developed to improve clinical outcome after CABG. Most relevant 

are the stimulation of the use of arterial grafts, the postoperative risk factor 

management, and the reduction of vascular injury during the surgical procedure. 

Potential strategies counteracting specific pathogenic mechanisms, such as gene therapy, 

are under intensive investigation. 
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Chapter 2 

A patient-related factor, the presence of congestive heart failure (CHF) was investigated 

with respect to alterations in saphenous vein function. In organ baths the contractile 

responses to cumulative concentrations of angiotensin II, adrenergic, and endothelium-

dependent compounds were analysed in SV obtained from New Zealand White rabbits 

subjected to CHF and compared to those from control animals. Two models of CHF 

were applied and compared. In the volume-, and pressure-overload model (CHF-PO), 

CHF was assessed by destruction of the aortic valve and subsequent banding of the 

aorta. In the second, myocardial infarction model (CHF-MI), ligation of a coronary 

artery and the following myocardial infarction induced CHF. In the isolated SV 

obtained from CHF-PO rabbits the maximal effect evoked by the non-selective oc-

adrenoceptor agonist noradrenaline, and the ai-agonist methoxamine was enhanced, 

whereas that of the a2-agonist B-HT 933 was not. Angiotensin II provoked small 

contractions in endothelium-denuded preparations and showed a decrease in potency in 

CHF-PO preparations. Dilatory responses induced by the ß-agonist isoproterenol and 

by the endothelium-dependent vasodilator methacholine were both reduced in SV 

obtained from CHF-PO animals. The aforementioned changes in responsiveness were 

absent in SV obtained from rabbits subjected to CHF due to myocardial infarction. 

These findings indicate that under the condition of CHF the SV displays a combination 

of increased contractile, and diminished dilatory responsiveness. The occurrence of 

changes in SV responsiveness is dependent on the underlying pathofysiological 

mechanism and/or the degree of CHF. 

Chapter 3 

During CABG the SV is stored, distended, and rinsed with various solutions. To analyse 

the effect of exposure to these solutions rabbit isolated SV were exposed to St. Thomas' 

cardioplegic solution or heparinised Ringer's lactate for lh, 24h, or 48h. Responses to 

cumulative concentrations of phenylephrine, sodium nitroprusside, and methacholine 

were quantified in a standard organ bath set-up, and compared to those of preparations 

stored in saline (NaCl 0.9%) (a poor preservation medium), or University of Wisconsin 

solution ( the gold standard in solid organ preservation). After storage at 4°C in St. 

Thomas' cardioplegic solution, heparinised Ringer's lactate, or University of Wisconsin 

solution for a time period of 48 h all functional parameters assessed remained intact. 

However, after storage in saline the contractile response elicited by depolarisation due 
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to a high concentration potassium chloride solution (60 mM) (KCl) was reduced by 

33% after 24h, and even 56% after 48h of storage, in contrast to the ai-adrenoceptor-

mediated responses, which remained unaffected. Furthermore, the maximal 

endothelium-dependent relaxation evoked by methacholine was reduced as well, and 

amounted to 73% after 24 h, and 64% after 48h of the initial value,respectively, whereas 

the dilation in response to the nitric oxide-donor sodium nitroprusside was unchanged. 

The sensitivity of the SV preparations to the agonists remained stable after storage in 

the different media under investigation, independendy of the time interval examined. 

These findings are discussed with respect to the composition of the various solutions, 

and the discrepancy between receptor-dependent, and -independent contractile 

response changes after preservation. In conclusion, the exposure to St. Thomas' 

cardioplegic solution and heparinised Ringer's lactate did not change SV wall function, 

and those solutions turned out to be comparable preservators of SV function as 

University of Wisconsin solution. Saline, however was detrimental to vascular wall 

quality. The injury induced by this solution demonstrated to be selective for 

depolarisation-induced contraction, and endothelium-dependent relaxation, and time-

dependent. 

Chapter 4 

Since SV displayed a relative immunity against preservation, another model was 

searched for to investigate the role of the individual components of preservation media. 

Male Wistar rat isolated aorta displayed rapid function deterioration when stored in 

phosphate-buffered saline (PBS), and was considered as a suitable model to study 

preservation mechanisms in detail. 

The role of chloride in storage media on function preservation was investigated. PBS 

was compared to PBS in which the sodium chloride had been replaced by an equimolar 

amount of sodium gluconate (PBS-gluconate), with respect to their effects on functional 

responses to KCl-induced depolarisation, ai-adrenoceptor stimulation by 

phenylephrine, relaxation in response to the NO-donor sodium nitroprusside and the 

endothelium-dependent vasodilator methacholine. The first results using this model 

demonstrate that rat aorta stored in PBS at 4°C displayed a deterioration of contractile 

function. By comparison KCl-induced responses were diminished by 58%, which was 

more progressive than the phenylephrine-induced responses (38%) in the same period 

of 24h. After 48h the phenylephrine-induced responses amounted to 29% of the initial 

value and therefore the vasodilatory responses to sodium nitroprusside and 
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methacholine could not be obtained in the PBS-preserved group of preservations. 

Further investigations with other precontractile stimuli are ongoing. Preparations 

preserved in PBS-gluconate exhibited a similar reduction in contractile response to 

phenylephrine. However, surprisingly, the response to depolarisation as well as to 

phenylephrine recovered completely after another 24h storage. The dilatory responses 

to sodium nitroprusside and methacholine remained intact in contrast to those 

responses in preparations preserved in PBS, which displayed a trend towards reduction. 

These preliminary data indicate that a high chloride concentration in preservation 

solutions might impair rat aorta mechanical functions. Again deterioration after 

preservation was different for receptor-dependent, and -independent contractions, and 

preservation in gluconate impaired contractile function transiently. The explanation for 

these observations requires further investigation. 

Chapter 5 

The application of minimally invasive venectomy techniques to reduce postoperative 

wound complications, and the knowledge that surgical manipulation influences graft 

performance, made it seem of interest to investigate the functional properties of the SV 

dissected by these new procedures. SV remnants obtained from patients subjected to 

CABG with conventional, mediastinoscope-assisted, or endoscope-assisted venectomy. 

After 24-48h of preservation in University of Wisconsin solution (UW), ring 

preparations were mounted in 8 ml organ baths, and concentration-response 

relationships were constructed for phenylephrine, sodium nitroprusside, and 

acetylcholine. SV reactivity remained intact after preservation in UW. Isolated human 

SV displayed a maximal contraction between 27-42 mN after exposure to KCl (123.8 

mM). For the vein preparations harvested by means of the three venectomy methods, 

no differences were demonstrated for responses evoked by depolarisation, a i -

adrenoceptor stimulation, or NO-donation. The maximal endothelium-dependent 

dilatory response to acetylcholine of precontracted vein rings varied between 5-12%, 

independently of the surgical technique applied. 

In conclusion, the surgical technique is most likely to influence endothelial function of 

SV. However, the minimally invasive techniques for the dissection of the SV, developed 

to improve clinical outcome at the site of explantation, did not affect the vascular 

reactivity in a different manner than the conventional method. 
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Chapter 6 

In order to study the properties necessary to prevent spasm of SV of calcium 

antagonist, the effect of verapamil and mibefradil was compared in isolated human SV, 

obtained from patients subjected to CABG. In a standard organ bath set-up the effect 

of the two calcium antagonists on vasoconstriction induced by KCl and noradrenaline 

was studied. Furthermore, the role of potassium channels in the spasmolytic effect of 

mibefradil was explored. Verapamil appeared to be 2.5-fold more potent, and 1.3-fold 

more effective than mibefradil in inhibiting depolarisation-induced contractions. Both 

calcium antagonists did not block the KCl-induced responses completely, which might 

be due to the use of incubation rather than addition after precontraction of the calcium 

antgonists, for studying the effect. Both calcium antagonists reduced noradrenaline-

evoked contractions with equal potency and efficacy. Verapamil inhibited contractions 

provoked by depolarisation more effectively than those induced by noradrenaline. The 

effect of mibefradil at a-adrenergic receptor-induced contractions demonstrated to be 

independent of KATP, or Kca-channel-blockade by glibenclamide and charybdotoxin, 

respectively. 

Apparently, both calcium antagonist inhibit receptor-dependent and, -independent 

contractions in human SV. Under the conditions investigated this effect is expected to 

be predominandy the result of L-type calcium channel blockade and a-adrenoceptor 

antagonism. A relevant role for an effect of the compounds on the T-type calcium-, or 

potassium channels could not be demonstrated. 

Chapter 7 

Per-, and postoperative graft spasm can cause morbidity and mortality after myocardial 

revascularisation. In the present study we investigated whether exposure to a high 

concentration of lipophilic calcium antagonist of isolated internal mammary artery 

(IMA) or saphenous vein (SV) during a limited period prior to the anastomotic use can 

prevent graft spasm for a longer period of time. Human IMA and SV remnants 

obtained from patients after CABG, were mounted in a standard organ bath setup, after 

preservation in UW for maximal 2 days. After 30 minutes of incubation with solutions 

of equal concentrations (0.1 mM) lacidipine, nifedipine, or papaverine the vessels were 

continuously superfused (rate 2 ml.min-1) with drug-free buffer for 24 hours. During the 

protocol, contractions evoked by a high KCl-solution (60 mM), or by the cti-

adrenoceptor agonist phenylephrine (0.3 mM) were repeated, every half hour. 
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Basal contractile responses were stronger in SV than in IMA. The duration of action of 

lacidipine exceeded the protocol (> 24 hours) independent of the vasoconstrictor 

stimulus and preparation, whereas the effect of nifedipine was abolished after 8.5 and 

4.5 hours, and that of papaverine after 1 and 1.5 hours of superfusion in IMA and SV 

preparations, respectively. Immediately after incubation, the inhibition of KCl-provoked 

responses by lacidipine was equal to that produced by nifedipine and papaverine in IMA 

preparations (65.4 ± 11.1%, 79.9 ± 4.4% and 90.4 ± 4.4% of the initial KCl-induced 

response, for lacidipine, nifedipine and papaverine respectively), although less in SV 

preparations (38.7 ± 2.1%, 78.4 ± 3.3%, 94.6 ± 1.3% of the initial KCl-induced 

response, respectively). The maximal effect of lacidipine, reached after 1.5 hour in IMA 

and 3.5 hours in SV, was identical in IMA (85 - 90%), although less pronounced in SV 

(76.6 ± 3.1%) when compared to nifedipine (79.4 ± 3.5%) and papaverine (94.6 ± 

1.3%). Furthermore the maximal effect of lacidipine was stronger in IMA than SV, and 

greater on KCl-, than on Phe-induced responses. 

These results imply that incubation of SV and IMA with a solution containing a high 

concentration lacidipine can prevent contractions evoked by depolarisation and (Xi-

adrenoceptor activation, immediately after 30 minutes, and that this effect is maintained 

for a period as long as 24 hours. The spasmolytic effect of lacidipine depends on the 

preparation and contractile stimulus studied. The comparison with nifedipine indicates 

that the long action of lacidipine is most likely to be caused by its lipophilic character. 
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SAMENVATTING 

Hoofdstuk 1 

De introductie biedt een overzicht van de geschiedenis van de revascularisatie van het 

myocard, de morfologische, biofysische/-chemische, en farmacologische eigenschappen 

van de vena saphena magna (SV) en arteria mammaria interna (IMA), en tenslotte de 

epidemiologie en pathogenese van 'graft' falen na aortocoronaire bypass chirurgie 

(CABG). 

Het falen van 'bypass grafts' van de coronairvaten is in toenamende mate een klinisch 

dilemma, mede als gevolg van een steeds groeiende populatie patiënten die deze 

operatie ondergaat. Tien jaar na CABG is slechts 60% van de veneuze 'grafts' open, en 

van deze groep vertoont nog eens 50% een significante mate van sténose van het 

lumen. Daarmede evenwijdig verlopen het terugkeren van klinische symptomen en de 

noodzaak tot reïnterventie. In vergelijking met veneuze 'grafts', functioneren de arteriole 

'grafts' beter en zijn 90% van deze 'grafts'open na 10 jaar of langer. 

Drie pathofysiologisch met elkaar verbonden processen liggen ten grondslag aan het 

falen van veneuze 'grafts': thrombose, intima hyperplasie en athérosclérose. De IMA is 

relatief ongevoelig voor athérosclérose. Specifieke, intrinsieke eigenschappen van de SV 

maken dit bloedvat meer vatbaar voor het falen als 'graft'. Tevens zijn er andere 

factoren welke het functioneren van de vene als 'graft' bepalen en deze kunnen worden 

onderverdeeld in factoren die afhankelijk zijn van (respectievelijk) de patiënt, het 

weefsel, dan wel de chirurgische procedure. Een centrale rol in de pathogenese van 

'graft' falen speelt de verandering in de functie van het endotheel en waarschijnlijk ook 

de gladde spiercellen, als gevolg van de reeds genoemde factoren. Met de toenemende 

kennis van de mechanismen welke ten grondslag liggen aan 'graft' falen, neemt ook het 

aantal mogelijkheden toe om het klinische resultaat na CABG op lange termijn te 

verbeteren. De belangrijkste zijn het stimuleren van de toepassing van arteriële 'grafts', 

de postoperatieve behandeling van risicofactoren, en het minimaliseren van 

vaatwandwandbeschadiging tijdens de operatie. Potentiële nieuwe methoden om 

specifieke pathogène mechanismen te bestrijden, zoals gentherapie, zijn onderwerp van 

intensief onderzoek. 



134 Samenvatting 

Hoofdstuk 2 

De aanwezigheid van chronisch hartfalen (CHF), als patiënt-afhankelijke factor, werd 

onderzocht met betrekking tot de daarbij optredende functionele veranderingen van de 

SV. De reacties veroorzaakt door angiotensine II, adrenerge, en endotheel-afhankelijke 

vasoactieve stoffen werden geanalyseerd in vena saphena lateralis-preparaten afkomstig 

van 'New Zealand White' konijnen met hartfalen en vergeleken met die van 

controledieren, in vitro. Twee modellen van CHF werden toegepast en vergeleken. In 

het volume-, en druk overbelastingmodel (CHF-PO) werd CHF veroorzaakt door 

beschadiging van de aortaklep, gevolgd door het plaatsen van een constrictieve band om 

de aorta. In het tweede model, het myocardinfarct-model (CHF-MI), resulteerde het 

ligeren van een kransslagader en het daaropvolgend myocardinfarct in hartfalen. In SV 

geïsoleerd uit CHF-PO konijnen bleek het maximale effect van de non-selectieve ct-

adrenerge receptor agonist noradrenaline en de (Xi-agonist methoxamine versterkt te 

zijn, terwijl dat van de ct2-agonist B-HT 933 onveranderd was. In preparaten van CHF-

PO-dieren, waarbij de endotheellaag mechanisch was verwijderd, veroorzaakte het 

toevoegen van angiotensine II kleine contracties en de gevoeligheid voor deze agonist 

bleek afgenomen te zijn. De dilatoire reacties geïnduceerd door de ß-agonist 

isoproterenol, en door de endotheel-afhankelijke muscarine-receptor agonist 

methacholine waren verminderd in SV van CHF-PO konijnen. Alle beschreven 

veranderingen in de gevoelgheid waren afwezig in venen afkomstig van konijnen met 

CHF ten gevolge van een myocardinfarct. 

De bevindingen wijzen op een toename van constrictoire en een afname van dilatoire 

reacties op vasoactieve stimuli van de SV bij CHF. Het optreden van veranderingen in 

de reactiviteit van de vene is afhankelijk van het onderliggende pathofysiologische 

mechanisme en/of van de mate van het hartfalen. 

Hoofdstuk 3 

Tijdens CABG wordt de SV bewaard, opgespoten en gespoeld met verschillende 

vloeistoffen. Om het effect van deze vloeistoffen op de functionaliteit van de vene te 

bestuderen werden de geïsoleerde vena saphena lateralis-preparaten van konijnen van 

het 'New Zealand White'-type, bewaard in St. Thomas-vloeistof of in gehepariniseerde 

Ringer lactaatoplossing, gedurende respectievelijk lh, 24h, en 48h. Reacties op 

cumulatieve concentraties van fenylefrine, natrium-nitroprusside, en methacholine 

werden gekwantificeerd in een standaard orgaanbadop stelling, en vergeleken met die 
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van venen bewaard in fysiologisch zout (NaCl 0.9%) (een slecht preservatie-medium), 

of 'University of Wisconsin'-vloeistof (de gouden standaard voor orgaanpreservatie). Na 

het bewaren van SV bij een temperatuur van 4°C in St. Thomas-vloeistof, 

gehepariniseerde Ringer lactaatoplossing, of 'University of Wisconsin'-vloeistof 

gedurende 48h bleken alle gemeten functionele parameters intact te zijn. Echter, na het 

bewaren in fysiologisch zout waren de contracties geïnduceerd door membraan-

depolarisatie met behulp van een oplossing met een hoge concentratie kaliumchloride 

(60 mM KCl) afgenomen met 33% na 24h, en met 56% na 48h, in tegenstelling tot de 

contracties ten gevolge van OCi-adrenoceptor activatie welke onveranderd bleven. Voorts 

bleek de maximale endotheel-afhankelijke vasodilatatie van geprecontraheerde 

vaatpreparaten, opgewekt door methacholine, afgenomen te zijn: deze bedroeg 

respectievelijk 73% van de initiële waarde na 24h en 64% na 48h, terwijl de reactie op de 

NO-donor nitroprusside gelijk was gebleven. De gevoeligheid van de preparaten voor 

de verschillende agonisten werd niet beïnvloed door het bewaren in de verschillende 

vloeistoffen en was onafhankelijk van het bestudeerde tijdsinterval. 

De bevindingen werden besproken met betrekking tot de samenstelling van de 

vloeistoffen, en de discrepantie tussen de resultaten voor receptor-afhankelijke, en -

onafhankelijke contracties na preservatie. Conclusie: de expositie aan St. Thomas

vloeistof en gehepariniseerde Ringer lactaatoplossing, beïnvloedde de functie van de 

vaatwand van de SV niet. Deze vloeistoffen bleken de functie van SV even goed in 

stand te houden als de 'University of Wisconsin'-vloeistof. Fysiologisch zout bleek 

echter schadelijk te zijn voor de kwaliteit van de vaatwand. De tijdsafhankelijke schade 

veroorzaakt door deze vloeistof bleek vooral op te treden bij door membraan-

depolarisatie geïnduceerde contractie en endotheel-afhankelijke relaxatie. 

Hoofdstuk 4 

Aangezien de SV relatief ongevoelig voor preservatie bleek te zijn, werd een nieuw 

model gezocht om de rol van de verschillende componenten van bewaarvloeistoffen te 

onderzoeken. Aorta-preparaten afkomstig van mannelijke Wistar ratten toonden een 

snelle functionele verslechtering wanneer ze werden bewaard in met fosfaat gebufferd 

fysiologisch zout (PBS), en werd daarom beschouwd als een geschikt model voor een 

gedetailleerd onderzoek van preservatiemechanismen. 

De rol van chloride-ionen in bewaarvloeistoffen op functionele eigenschappen werd 

onderzocht. Met dit doel werd conventionele PBS vergeleken met PBS waarin het 

natrium chloride was vervangen door een molair equivalente hoeveelheid natrium 
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gluconaat (PBS-gluconaat). Onderzocht werden de reacties op door KCl geïnduceerde 

depolarisatie, Cti-adrenoceptor activatie, de NO-donor nitroprusside en de endotheel-

afhankelijke vaatverwijder methacholine. De voorlopige resultaten van de toepassing 

van dit model tonen aan dat de aorta van de rat bewaard in PBS bij een temperatuur van 

4°C, een verminderde constrictoire reactiviteit ontwikkelt. De afname van de reactie op 

KCl met 58% was sterker dan de afname van de fenylefrine-response (38%) na 24h 

bewaren. Na 48h bedroegen de fenylefrine-afhankelijke contracties nog 29% van de 

uitgangswaarde, zodat er geen betrouwbare resultaten konden worden verkregen voor 

de vaatverwijdende agonisten na fenylefrine-precontractie in de PBS groep. Onderzoek 

met andere constrictoire agonisten is gaande. Preparaten bewaard in PBS-gluconaat 

toonden een vergelijkbare afname van constrictoire reacties. Echter, een onverwachte 

bevinding was dat deze afname zich volledig herstelde na 48h preservatie in PBS-

gluconaat. De dilatoire reactie op nitroprusside en methacholine bleef intact na 

preservatie in PBS-gluconaat, terwijl de preparaten bewaard in PBS een neiging tot 

afname vertoonden. 

Deze eerste resultaten wijzen er op dat een hoge concentratie chloride-ionen in 

bewaarvloeistoffen de mechanische functie van de aorta van de rat kunnen beïnvloeden. 

Opnieuw bleek afname van constrictoire reacties verschillend voor receptor-

afhankelijke, en 

-onafhankelijke stimuli. Preservatie in gluconaat bleek deze responsen slechts tijdelijk te 

verminderen. De verklaring voor deze waarnemingen behoeft verder onderzoek. 

Hoofdstuk 5 

Het toepassen van minimaal invasieve venectomie-methoden voor het verminderen van 

postoperatieve wondcomplicaties, en het feit dat chirurgische manipulatie het 

functioneren van de 'graft' beinvloedt, maakten het voor ons interessant om de 

functionele eigenschappen van SV verkregen volgens deze nieuwe methoden te 

onderzoeken. Restanten humane SV werden verkregen van patiënten die een CABG 

ondergingen met behulp van de conventionele venectomie dan wel venectomie met 

behulp van een mediastinoscoop of een endoscoop. Na 24-48h preservatie in 

'University of Wisconsin'-vloeistof (UW), werden ringen opgehangen in 8 ml 

orgaanbaden voor het construeren van concentratie-effect-relaties voor fenylefrine, 

nitroprusside, en acetylcholine. De functionele reacties van humane SV werden niet 

beïnvloed door de preservatie in UW. Geïsoleerde humane SV vertoonden een 

maximale contractiekracht van 27-42 mN na blootstelling aan KCl (123.8 mM). De 
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constrictoire en dilatoire reacties van de preparaten verkregen via de drie venectomie-

methoden, toonden geen verschil na stimulatie door KCl-depolarisatie, Od -adrenoceptor 

activatie, of NO-donatie via nitroprusside-Na. De maximale dilatatie als reactie op 

acetylcholine in geprecontraheerde venen ringen varieerde tussen de 5-12%, 

onafhankelijk van de toegepaste chirurgische techniek. 

Conclusie: het is aannemelijk dat de chirurgische manipulatie de functie van het 

endotheel beïnvloedt. Echter, de nieuwere minimaal invasieve venectomie-technieken, 

ontwikkeld om het klinische resultaat in het been te verbeteren, beïnvloedden de 

reactiviteit van de vaatwand op een vergelijkbare manier als de conventionele methode. 

Hoofds tuk 6 

Om de eigenschappen van Calciumantagonisten te bestuderen welke nodig zijn om 

spasmen van SV te voorkomen, werden de werking van verapamil en mibefradil 

vergeleken in humane SV, afkomstig van patiënten welke CABG ondergingen. In een 

standaard orgaanbadopstelling werd het remmende effect van de Calciumantagonisten 

op vasoconstrictie geïnduceerd door KCl en noradrenaline bestudeerd. Tevens werd de 

rol van kaliumkanalen voor het spasmolytische effect van mibefradil onderzocht. 

Verapamil bleek 2.5 keer potenter en tevens effectiever dan mibefradil als remmer van 

de door depolarisatie geïnduceerde constrictie. Beide Calciumantagonisten konden de 

KCl-response niet volledig onderdrukken, mogelijk ten gevolge van het directe 

incuberen van de preparaten met de te onderzoeken stoffen in plaats van hun 

toediening na een preconstrictie. Beide Calciumantagonisten remden contracties door 

noradrenaline met gelijke effectiviteit en potentie. Verapamil remde de vasoconstrictie 

door depolarisatie effectiever dan die door noradrenaline. Het effect van mibefradil 

bleek onafhankelijk te zijn van de blokkade van KATP-, of Kca-kanalen door 

respectievelijk glibenclamide of charybdotoxine. 

Klaarblijkelijk remmen beide Calciumantagonisten receptor-afhankelijke, en ook -

onafhankelijke vasoconstrictie in humane SV. Onder de toegepaste omstandigheden is 

hun werking voornamelijk het gevolg van L-type calciumkanaalblokkade en 

antagonisme van ct-adrenoceptoren. Een relevante rol voor een effect van de twee 

Calciumantagonisten op T-type calciumkanalen of kaliumkanalen kon niet worden 

bevestigd. 
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Hoofdstuk 7 

Het per-, en postoperatief optreden van spasmen van 'grafts' is een oorzaak van 

morbiditeit en mortaliteit na revascularisatie van het myocard. In deze studie 

onderzochten wij de mogelijkheid om spasmen gedurende langere tijd te voorkomen na 

kortdurende expositie van geïsoleerde arteria mammaria interna (IMA) of vena saphena 

magna (SV) aan een hoge concentratie van een lipofiele Calciumantagonist. Restanten 

humane IMA en SV werden verkregen van patiënten welke een CABG ondergingen, en 

opgehangen in een standaard orgaanbadopstelling, nadat ze maximaal 2 dagen waren 

bewaard in UW. Na een incubatieperiode van 30 minuten met een oplossing van 

lacidipine, nifedipine, of papaverine (0.1 mM) werden de vaatringen continu 

blootgesteld aan superfusie (2 ml.mkr1) met farmaca-vrije buffer gedurende 24 uur. 

Tijdens deze periode werden vasoconstricties geïduceerd door KCl (60 mM), of de (Xi-

adrenoceptor agonist fenylefrine (0.3 mM) iedere 30 minuten herhaald. 

De basale contractiekracht van SV was groter dan die van IMA. De duur van het 

spasmolytische effect van lacidipine overschreed die van het protocol (> 24h), 

onafhankelijk van de constrictoire stimulus of het preparaat, terwijl het effect van 

nifedipine was verdwenen na respectievelijk 8.5 en 4.5 uur, en dat van papaverine na 1 

en 1.5 uur superfusie van respectievelijk de IMA en SV. Direct na incubatie was de 

remmende werking van lacidipine op de vasoconstrictie door KCl gelijk aan dat van 

nifedipine en papaverine in IMA-preparaten (respectievelijk 65.4 ± 11.1%, 79.9 ± 4.4% 

and 90.4 ± 4.4% van de initiële KCl-response), maar zwakker in SV preparaten 

(respectievelijk 38.7 ± 2.1%, 78.4 ± 3.3%, 94.6 ± 1.3%). Het maximale effect van 

lacidipine, bereikt na 1.5 uur in IMA en 3.5 uur in SV, was gelijk in IMA (85-90%), maar 

minder in SV (76.6 ± 3.1%) dan nifedipine (79.4 ± 3.5%) en papaverine (94.6 ± 1.3%). 

Het maximale effect van lacidipine was tevens groter in IMA dan SV, en ook sterker op 

contracties geïnduceerd door KCl dan door fenylefrine. 

Deze resultaten impliceren dat de incubatie van SV en IMA met een hoge concentratie 

lacidipine, de spasmen die opgewekt worden door depolarisatie en Cti-adrenoceptor 

activatie direct kan voorkomen. Dit effect kan meer dan 24 uur blijven bestaan. Het 

spasmolytische effect van lacidipine is afhankelijk van het preparaat en van de 

constrictoire stimulus. De vergelijking met nifedipine toont aan dat de lange duur van 

het effect samenhangt met het lipofiele karakter van lacidipine. 
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Het Chirurgisch Laboratorium van de afdeling Chirurgie bedank ik voor het 

beschikbaar stellen van de 'University of Wisconsin' oplossing. Dr. S. Leo Abrahamse 
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voor alles wat ik tot nu toe bereikt heb. Wendy, lieve zus, ik ben je dankbaar voor je 

luisterend oor op de moeilijke momenten en het oppassen, waardoor ik zo nu en dan 

nog eens de bioscoop van binnen zag. 
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STELLINGEN 

De aanwezigheid van chronisch hartfalen verhoogt de contractiele, en 
reduceert de dilatoire reactiviteit van de vena saphena, (ditproefschrift) 

De functionele eigenschappen van geïsoleerde veneuze en arteriële 
vaatpreparaten blijven intact na preservatie in koude "University of 
Wisconsin'-oplossing gedurende 48 uur. (dit proefschrift) 

In tegenstelling tot de blootstelling van vena saphena aan St. Thomas-
cardioplegievloeistof of Ringer-lactaat-oplossing, zou die aan fysiologisch 
zout tijdens operaties vermeden moeten worden, gezien het schadelijke 
effect van deze vloeistof op de functionele kwaliteit van het preparaat. 
(dit proefschrift) 

Minimaal invasieve venectomie-methodcn zijn minder belastend voor de 
patiënt op de plaats van explantatie, maar verbeteren de kwaliteit van de 
vena saphena magna niet. (ditproefschrift) 

Kortdurende incubatie met een lipofiele Calciumantagonist voorkomt 
spasme van de vena saphena magna en de arteria mammaria interna 
gedurende 24 uur. (ditproefschrift) 

D e verhoogde expressie van L-type calciumkanalen en de daarmee gepaard 
gaande verhoogde calciuminstroom in gladde spiercellen ligt mogelijk ten 
grondslag aan de Pathogenese van spasme van de coronairarterie. 
Kuga et al. f Caräovasc Pharmacol2000;35(5):822-8. 

'Pulse pressure' is een betere voorspeller van de prognose bij hypertensicve 
oudere patiënten dan een verhoogde systolische druk als zodanig. 
Safar et al. ƒ Ujpertens 2000;18:1159-63. 
Safar et al.) Hum Ujpertens 1995;9:175-80. 

D e huidige opleiding tot medisch specialist dreigt langer te duren dan de 
werkzaamheid in het vak. 
Bleker & Blijham, Medisch Contact 1999;54(11):384-5. 

De afnemende fertiliteit van de man wordt mogelijk mede veroorzaakt dooi
de moderne wegwerplmer. 

Gezien de stimulerende werking van anijs op de borstvoeding, zou de 
'beschuit met muisjes' eerder door de kraamvrouw dan door het bezoek 
gegeten moeten worden. 
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