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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. 



6 2 Saphenous vein and cardioplegicI preservation solutions 

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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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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