
Introduction:

Saphenous vein continues to be the most common

conduits for CABG surgery, despite the widespread

use and superior patency of the internal mammary

artery and other arterial conduits. However, the

long-term patency of saphenous vein grafts is low.

The occlusion rate in the first year is 15% to 26%.1,2

By 10 to 12 years, approximately 50% of saphenous

vein grafts are occluded,3,4 and of those still patent,

50% showed angiographic luminal irregularity or

narrowing.5

Morphological examination of venous grafts from

reoperation or autopsy suggests three different

modes of occlusion.1 In the first month after operation,

occlusion is usually due to thrombosis related to faulty

surgical technique. Between 1 month and 1 year,

graft occlusion is due to intimal proliferation and

medial fibrosis. Beyond 1 year, atherosclerosis is the

most common cause of graft occlusion.
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Abstract:
Background: High-pressure distension during harvesting damages the saphenous vein (SV) and

may contribute to subsequent coronary artery bypass graft (CABG) occlusion. Application of

vasodilator agents to the SV during harvesting may reduce the need for high-pressure distension

and improve graft quality. We tested the effects of a vasodilator solution containing the conventional

agent papaverine (Pap) mixed with heparinized blood on the pressure necessary to overcome SV

spasm and on the structure.

Methods:  150 patients undergoing CABG were nonrandomly allocated to receive an application of

either intraluminal  papaverine (Pap) mixed with heparinized blood(Group-A), or intraluminal

heparin mixed normal saline(group-B) to the SV for distension during harvesting.  The peak pressures

required to distend the vein were recorded. Samples of SV were taken for microscopical analysis just

before we performed the anastomosis.

Results: The results for mean peak pressures (mm Hg) were: Normal saline 131.77±20.6 (range 85

to199 mmHg); and Papaverine mixed blood solution, 56.4±2.1 (range 40 to 90 mmHg);  P<0.001,  (Pap

mixed blood solution  versus normal saline); The results of histological study for endothelial injury

were: Normal saline, 52.5 %; Papaverine mixed blood solution , 20%;  (P<.02, untreated versus Pap

mixed blood solution).

Conclusions: Intraluminal use of Papaverine mixed heparinized blood solution during vein

harvesting requires low distension pressure and improves endothelial coverage compared with the

use of heparin mixed normal saline.

(Cardiovasc. j. 2011; 4(1): 3-7)
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There is abundant experimental evidence that the

use of high-pressure  distension to overcome

venospasm during harvesting causes endothelial

cell loss and medial damage.6,7 Endothelial cell

loss denudes the surface of the intima, causing

deposition of platelets and fibrin, which predisposes

to enhanced lipid uptake by the vein wall,8

increased intimal hyperplasia,9  and reduced

patency,  at least in the short term.10

Pharmacological relaxation of the saphenous vein

has been recommended to reduce spasm and

obviate the need for high-pressure distension.11

Papaverine is the most commonly used vasodilator.

However, there is evidence that papaverine used

intraluminally may damage the endothelium due

to its acidic pH12 and may reduce prostacyclin

production in the vein wall.

We developed a simple technique of applying the

solution intraluminally to the saphenous vein
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during harvesting.13 In our experience  of clinical

use, this technique appeared to provide a relaxed

venous conduit for grafting. However, we had not

quantified the degree of relaxation or shown that

the quality of the graft conduits was improved. We

therefore set out to study the effects of papaverine

mixed blood on the distension pressure required

to prepare the saphenous vein for grafting,

endothelial morphology and coverage, of the vein

wall.

Methods:

Patients

150(One hundred fifty) consenting patients who

were undergoing coronary bypass graft surgery

were prospective nonrandomized to receive

papaverine mixed blood solution Group A,n=70 and

heparin mixed normal saline Group=B,n=80 for

distension of saphenous vein during harvesting of

the long saphenous venous conduit. The protocol

was approved by the institutional protocol and

ethical committee of national institute of

cardiovascular diseases and hospital.

Whenever possible a single long segment of great

saphenous vein was prepared and removed from

the leg by surgical technique. The pressure used

during distension and testing of the vein was

measured with a pressure transducer connected

to a monitor & or JVP measuring scale. The

distending pressure used was the minimum judged

necessary by the surgeon in each instance to

overcome spasm and to distend the vein adequately

for grafting.  Pressure was recorded continuously

while the vein was harvested, flushed, and

distended. The peak pressure was read from the

pressure tracing, and the mean pressure was

calculated from the area under the pressure curve.

After harvesting, all veins were stored in

autologous heparinized blood.Within 15 minutes

of securing the venous conduit a small segment of

vein was preserved and fixed in 10% formalin and

send for histopathologiical examination to see the

endothelial injury.

Dilator Solutions

All solutions were prepared in the operating room

using room temperature normal saline containing

1.6 U/mL heparin.  Papaverine solution was made

by adding 120 mg papaverine hydrochloride to 100

mL of normal saline mixed autologous blood

(1.2mg/mL) 12  (Table-I).

Table-I

Components and Composition of Papaverine

mixed blood  Solution

Component Volume, mL

Papaverine 30 mg/mL 2.0

Sodium bicarbonate 8.4% 0.2

Heparin 1000 U/mL 0.5

Normal saline 50

Autologus blood 50

Distension Technique

The saphenous vein was exposed via a short incision

at the ankle, and a metal cannula was inserted for

injection of the dilator solution.In group-A  a 50-mL

syringe containing papaverine mixed blood solution

was attached to the cannula with the use of a short

extension tube.13  From 1 to 2 mL of solution was

then injected into the vein and also applied topically

as a spray onto its surface with the use of a separate

syringe. As the vein was progressively exposed,

papaverine mixed blood solution was again applied

topically as a spray onto its surface of the vein. Thus,

the vein was exposed both internally and externally

to the vasodilators in optimal concentrations. After

removal from the leg, the vein was distended with

papaverine mixed blood solution. In group-B

saphenous veins were distended in same manner

with heparin mixed normal saline. The prepared

veins of both groups were stored in heparinized blood.

Vein Samples

Two samples of vein were obtained for

morphological and microscopical analyses. The first

sample (control sample) was obtained immediately

after the vein was exposed. The second sample

(prepared sample) was obtained from the proximal

end of the vein when it was trimmed to length

before construction of the aortic anastomosis.

Microscopy

All samples of vein collected during the operation

were preserved and fixed by immersion in 1.2%

glutaraldehyde. Immediately after the second

sample was obtained, the samples were sent for

histopathologiical examination to see the

endothelial injury.

Statistical Analysis

Unpaired students‘t’ test was used for statistical

analysis of the distension pressures, χ2 analysis

was   used for statistical analysis of the endothelial

injury. All values are given as mean±SEM. A

probability value  of <.05 was considered

statistically significant.

Cardiovascular Journal Volume 4, No. 1, 2011

4



Results

Patient characteristics are given in Table 2. Age

and sex distributions in the three groups were

similar (P=.201, 2 analysis), as was the number of

grafts per patient (P=.5). There were no significant

differences in the distribution of the two treatments

among the four harvesting surgeons (2=6.21, P=.4).

Table-II

Patient Characteristics

Group-A Group-B

Untreated Papaverine

(n=80) mixed blood

(n=70)

Age, y 57.6±1.88 57.9±2.50

Male, n 72 60

Female, n 8 10

Grafts per patient, n 3.3 3.1

Distention Pressures

Satisfactory measurements of distension pressure

were obtained in 146 patients. The average peak

pressure reached during surgical preparation in

the group receiving Normal saline treatment

(Group-B, n=80), was 131.77±20.6 mm Hg (range,

85 to 199 mm Hg) . In the papaverine mixed blood

solution group(Group-A ,n=70), the average mean

pressure was 56.4±2.1 mm Hg  (range, 40 to 103

mm Hg). The  pharmacological treatment

groups(group-A) had a significantly lower average

distension pressure than the normal saline group

(group-B) (P<.001) Table-III.

Endothelial injury

Satisfactory samples for toluidine blue staining

were obtained from 147 patients before preparation

(control samples) and 149 patients after preparation

(prepared samples). Fig.-1 shows typical

appearances of well-preserved and damaged areas.

Scanning  microscopic photograph of en face

preparations confirmed the appearances of

satisfactory preservation and endothelial loss.

Typical scanning microscopic photograph of well-

preserved and damaged intima are shown (Fig.-1).

 The number for endothelial injury in the  (Fig.-1)

The normal saline treated group-B (n=80)  had  42

(52.5%)    of  endothelial injury of the Saphenous

vein conduit,on the other hand   the papaverine

mixed blood solution  treatment group-A (n=70)

had 14 (20%) of endothelial injury of the Saphenous

vein conduitd  . The papaverine mixed blood

solution group had significantly greater endothelial

coverage(less injury) than the normal saline

treated group (P<.02). Table-III.

Table-III

Table of peak distension pressures. & endothelial injury.

Distension Papaverine mixed Heparinized P

Pressure Blood solutiom N=70 Normal saline  N=80 values

Group-A Group-B

Mean pressure (mm Hg) (Mean ±SE) 56.4±2.1  mm Hg 31.77±20.6 1 mm Hg <.001

Endothelial  injury, n (%) 14 (20%) 42   (52.5%) <.02.

Fig.-1: A Scanning of microscopic photograph of saphenous vein of well-preserved intact endothelium with low

pressure distension. B, scanning of microscopic photograph of saphenous vein damaged by high-pressure distension.

Endothelium has been lost, exposing the subendothelial connective tissue and smooth muscle fibers.
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Discussion:

The present study showed that the distension of

the venous conduit  with  papaverine mixed blood

solution significantly reduced the pressure required

to overcome spasm in vein grafts.  The papaverine

treated vein grafts showed significantly greater

endothelial coverage than did normal saline-

treated  grafts.

If the endothelium is lost during harvesting, the

denuded areas become covered by regenerated

endothelium after 1 to 2 weeks.22 However, this

neoendothelium is laid over a carpet of platelets

and fibrin that has been deposited on the

thrombogenic basement membrane. Later, this

thrombus is replaced by proliferating smooth

muscle cells. Platelets are known to release various

factors that are implicated in the development of

intimal hyperplasia, which, if progressive, may

lead to graft occlusion. A variety of growth factors

are involved in endothelial segmentation and

subsequent intimal  hyperplasia.23 Thus,

preservation of the intima is vital to graft integrity.

The present study has confirmed the findings of

others7,8  that high-pressure distension during

preparation damages vein grafts. In addition, we

have shown that by using a powerful vasodilator

solution, it is possible to reduce the level of

distension pressure required to prepare a vein graft

and thereby  produce a graft with superior

structural integrity. However, it remains to be

proved that the better-quality graft will have longer

patency.. The fact that vein grafts of primates

distended at high pressure have an increased

uptake of lipid from the plasma 7 months later

suggests that the late patency would also be

reduced.8 However, until the results of a long-term

study of the patency of distended and nondistended

vein grafts are available, this question will remain

open. In the meantime, we believe that there is

sufficient circumstantial evidence that

overdistended vein grafts are damaged grafts and

that given the poor long-term results of saphenous

vein grafts, it is preferable to  implant an

undamaged vein graft than a damaged one. The

papaverine mixed blood solution technique is

simple to use, reduces the damage to vein grafts

assessed by structural measure, and therefore

should be a useful adjunct to coronary artery bypass

graft surgery.

High distension pressure has been shown to cause

loss of endothelium. The excessive tension in the

vein wall causes separation of endothelial cells,

which then contract and are easily washed away

when the graft is perfused. Extremes of

temperature, pH, and osmolarity in the storage

solution can also have similar effects on the

endothelium.14 High distension pressures can also

cause loss of high-energy compounds from the vein

wall.12

In the present study, the peaks of distension

pressure generated by the syringe were maintained

for only a few seconds at a time, but this would be

sufficient to disrupt the medial smooth muscle and

to stretch the intima so that the endothelial cells

separate, contract, and are able to be removed after

perfusion of the graft. The damaged vein graft

samples were not exposed to the flow of blood, but

we observed under the microscope that gentle

irrigation of a damaged vein was sufficient to

dislodge the separated endothelial cells. The mean

pressure measured was derived from all episodes

of distension and quantified the entire damaging

insult. A higher mean pressure is the result of

higher peaks being reached during each episode of

distension and thus indicates a greater potential

for damage to the vein wall.

The endothelium was best preserved with

papaverine treatment. A likely reason for this

would be the lower peak distension pressure in

this group, which reduced shedding of endothelial

cells

Many other factors are involved in damage to the

endothelium other than physical trauma during

harvesting and preparation. Another factor could

be the provision of a physiological pH, papaverine

& normal saline are acidic but when these are

mixed with blood & small amout bicarbonate its

pH comes nearly 7 to 7.4 . which is lacking in

unbuffered normal saline (approximate pH 5);

Most important are the storage conditions for the

vein between harvesting and grafting, which may

subject the vein to ischemic damage.15 Our results

suggest that storage conditions also need to be

improved to enhance the endothelial coverage and

energy preservation in vein grafts.

The vast majority of ATP in the saphenous vein

wall resides in the smooth muscle cells of the

media.6 This is a consequence of the fact that the
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most common cell type in the vein wall is the

smooth muscle cell. Angelini et al6 have shown

that high distension pressure causes a reduction

in the ATP content in the vein wall, which is

therefore in large part a reflection of medial

damage rather than loss of endothelium. Loss of

ATP is presumably caused by contraction of the

smooth muscle against high distending pressure.

We found that in terms of energy status,

pharmacologically treated veins were better

preserved than the untreated veins.

Papaverine is the vasodilator most described in

the literature. Previous studies have suggested

that the use of solutions containing papaverine for

distension and storage11,12 or for perivenous

infiltration or topical application15  during vein

harvesting have resulted in better histological

appearance of the grafts. However, there is the

possibility that papaverine used intraluminally

may damage the endothelium due to its acidic pH.12

Therefore, in the present study to avoid endothelial

damage and the risk of systemic hypotension, in

the papaverine-treated group, papaverine was

applied after buffering by mixing with autologus

blood & bicarbonate solution.

 In our clinical experience, no episodes of clinically

significant systemic hypotension attributable to the

use of papaverivne mixed blood solution were

observed when the solution was used as described.

Conclusion:

We reached three conclusions. First, all types of

surgical preparation and storage cause some loss

of the endothelium and a decrease in the energy

status of the vein wall. Second, treatment of

saphenous veins with vasodilators allows the use

of lower distension pressure during harvesting,

reduces the loss of endothelium. Third, topical and

intraluminal use of papverine mixed blood solution

improves endothelial coverage compared with the

intraluminal use of heparinized normal saline.

Footnotes

Address reprint requests to Dr.Mohammad Fazle

Maruf, Assistant professor, Department of

Cardiothoracic Surgery, Chittagong Medical

College.
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