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Objective: Endoscopic saphenectomy is associated with a decreased incidence of
wound complications without an increase in histologic trauma or endothelial dys-
function in published reports. Concern remains about the patency of saphenous vein
grafts harvested endoscopically and the development of early intimal hyperplasia.
The purpose of this study was to compare early quantitative coronary analysis of
saphenous vein grafts used for coronary artery bypass grafting harvested with the
open versus endoscopic techniques.

Methods: Forty patients undergoing primary coronary artery bypass grafting surgery
with at least 1 saphenous vein graft were randomized preoperatively to open versus
endoscopic saphenectomy with bipolar cauterization of side branches. Quantitative
coronary angiography was performed a mean of 3 months (range, 1-9 months) after
the operation.

Results: There was no statistically significant difference in the patency rates of
internal thoracic artery grafts between the open and endoscopic groups and no
statistically significant difference in the patency rates of saphenous vein grafts
between both groups (85.2% vs 84.4%, P � .991). Quantitative coronary angiog-
raphy showed no difference in graft stenosis (�50% of the internal diameter of the
graft) in the body of the saphenous vein grafts in the open versus endoscopic
saphenectomy groups (3.7% vs 0%, P � .280).

Conclusion: Angiographic appearance and patency rates of saphenous vein grafts
harvested with the endoscopic technique are similar to those of saphenous vein
grafts harvested with the open technique. These results support the use of endo-
scopic saphenectomy because of the known lower incidence of wound and infec-
tious complications and superior functional results.

T
he internal saphenous vein used for coronary artery bypass grafting
(CABG) procedures is traditionally harvested by means of the open
technique, and as a consequence, lower limb wound complications
are an important source of morbidity after CABG, occurring in about
15% of cases.1 Complications such as hematoma, dehiscence, skin
necrosis, or wound infection increase the length of stay2 and delay

rehabilitation, ambulation, and exercise training.3 These complications are increased
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in cases of low ejection fraction, anemia, female sex, obe-
sity, diabetes mellitus, and peripheral vascular disease. A
recent study showed that the infection rate is independent of
the closure technique used.4 In an attempt at decreasing
local wound complications, improving delay for ambula-
tion, and, to a lesser degree, obtaining a better cosmetic
result, alternatives to classical techniques were developed.
Bridging or tunneling techniques5 making use of a stripper
through multiple incisions along the course of the saphe-
nous vein allows shorter overall incision length but remains
a blind procedure and technically difficult, although new
devices allow harvesting of the vein under direct vision
through sequential cutaneous incisions.6 Recent endoscopic
techniques now allow total harvesting through a small in-
cision by using videoscopic magnification,7,8 and this is the
least invasive approach, reducing wound complications and
postoperative pain, permitting early ambulation after surgi-
cal intervention, and improving overall patient satisfac-
tion.9-11

Operative trauma can compromise the functional integ-
rity of the saphenous vein3 and lead to poor vein quality,
contributing to early occlusion and late fibrointimal hyper-
plasia. Better preservation of the endothelial architecture
with the tunneling technique, as examined by means of light
microscopy, has been reported.12 Functional studies assess-
ing the vasoreactivity of the vein harvested endoscopically
have shown no difference in endothelium-dependent relax-
ation between the open and endoscopic techniques, support-
ing preservation of the endothelial integrity of the graft.13-15

Angiographic studies documenting the patency of saphe-
nous vein grafts harvested endoscopically are needed to
confirm their preserved integrity.

The primary end points chosen for this study were the
early patency and integrity of saphenous vein grafts har-
vested by using the open versus endoscopic techniques for
CABG, as assessed by means of quantitative coronary an-
giography (QCA). The secondary end points were compar-
ison of operative mortality and postoperative complications,
such as myocardial infarction, low cardiac output, and en-
zyme release, in the immediate postoperative period be-
tween the 2 groups.

Patients and Methods
Study Population
From December 2000 through May 2002, 40 patients undergoing
primary CABG necessitating at least one saphenous vein graft at
the Montreal Heart Institute were prospectively randomized into 2
groups, one undergoing open saphenectomy (open group) and the
other undergoing endoscopic saphenectomy (endoscopy group).
After patients had agreed to participate in the study and signed an
inform consent form, they were randomized before the operation
into blocks of 4 for equal sample size in the 2 groups. The study
was approved and monitored by the Ethics Committee on Research

and New Technology of the Research Center of the Montreal Heart
Institute.

Exclusion criteria included the following: (1) history of saphe-
nectomy or varicose saphenous vein precluding saphenectomy or
impossibility to use the right lower limb for vein harvesting; (2)
urgent operation for acute coronary occlusion at angioplasty or
cardiogenic shock; and (3) emergency surgical procedures or re-
operation for myocardial revascularization or valvular operations.
No patients were excluded on the basis of body habitus, age, or
quality of the vein or the distal coronary bed.

Of the 40 randomized patients, 5 patients in group 1 and 3
patients in group 2 refused the postoperative angiography for
medical (sternal wound infection, renal insufficiency, and acute
heart failure) or personal reasons and were excluded from the final
analysis.

Surgical Technique
The operation was performed according to standard surgical tech-
niques. Internal thoracic artery and saphenous vein grafts were
used in all patients. The use of cardiopulmonary bypass or a
beating-heart technique was left to the surgeon’s discretion. Car-
diopulmonary bypass was performed by using moderate hemodi-
lution with a hematocrit level of between 20% and 25% and mild
systemic hypothermia by permitting body temperature to drift
down progressively to 33°C, with the core temperature being
thereafter maintained at that level with a heat exchanger until the
aorta was unclamped. The proximal anastomoses to the aorta were
performed with partial occlusion of the ascending aorta.

In the beating-heart group all surgeons used the same approach.
The territory of the left descending artery (or a major diagonal
branch) was revascularized first. The territory of the right coronary
artery was then revascularized, and the lateral portion of the left
ventricle was addressed at the end. All distal anastomoses were
done with the use of a stabilizer. Proximal anastomoses were then
performed with partial occlusion of the ascending aorta.

Open saphenectomy. In the open saphenectomy group dissec-
tion of the internal saphenous vein was done by using the standard
technique with harvest of the vein at the ankle or thigh on the basis
of the surgeon’s preference and a continuous incision with tying
off of branches with 3-0 silk or titanium clips and layered closure
with absorbable suture material.

Endoscopic saphenectomy with CO2 insufflation. In the en-
doscopic saphenectomy group the system used was the Vasoview
Uniport Endoscopic Vessel Harvesting System (Guidant,
Markham, Ontario, Canada). A blunt-tip trocar was inserted in the
incision, placing the conical tip on the anterior surface of the vein.
A balloon was inflated with 30 mL of air to achieve the seal.
Insufflation of CO2 was started to maintain a pressure of 15 mm
Hg in the tunnel. Dissection of the internal saphenous vein was
performed toward the groin by using the trocar on the anterior
surface of the vein providing videoscopic magnification. Repeating
the dissection along the posterior and the lateral aspect of the vein
allowed us to expose all collaterals. Creation of a homogenous
tunnel was then performed by means of insufflation of a 40-mL
balloon along the internal saphenous vein. By using bipolar scis-
sors, collaterals were progressively cauterized and severed. The
upper extremity of the vein was then clipped and sectioned through
a 5-mm incision at the extremity of the tunnel.
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Preparation of the vein and wound closure. In both groups
the vein was then extracted, proximal dissection was completed
under direct vision near the knee incision, and further dissection
was performed toward the leg if necessary by using an endoscopic
approach. All side branches were ligated with metallic clips, and
the vein was prepared in the usual fashion after extraction in both
groups. In the endoscopic group, at the end of the operation, the
incisions in the thigh and leg were sutured with 2 subcutaneous
stitches and Steri-strips on the skin after protamine administration.
The leg was then wrapped with an elastic bandage for 24 hours.
The postoperative anticoagulation regimen consisted of adminis-
tration of 325 mg of acetylsalicylic acid by mouth daily starting on
day 1 or as soon as the patient was extubated.

Quantitative coronary angiography. Coronary angiography
was performed 34 to 305 days after CABG (mean, 96 days) in the
open group and 32 to 297 days after CABG in the endoscopic
group (mean, 103 days) by using a standard technique through the
femoral route. A dose of 0.3 mg of nitroglycerin was injected
selectively through each bypass graft. For each anastomotic site,
the incidence that revealed the severest degree of stenosis was
analyzed quantitatively with a computer-assisted method by using
the Cardiovascular Measurement System (QCA-CMS, version 5.1,
MEDIS medical imaging system, Leiden, The Netherlands).16 A
frame was selected from the Dicom digital recording and displayed
on a video monitor. An automatic edge-detection program deter-
mined the graft and coronary artery contours by assessing bright-
ness along scan lines perpendicular to the center lines of the vessel.
The image was calibrated on the basis of the known or measured
size of the catheter, and the vessel diameters (in millimeters) were
displayed for the length of the segment analyzed. The computer
automatically calculated the minimum lumen diameter and the
percentage diameter stenosis. The quantitative evaluation focused
on 5 particular segments of interest: the proximal anastomoses; the
proximal, mid, and distal thirds of the body of the graft; and the
distal anastomoses.17 Both radiology technicians performing the
QCA and the supervising senior radiologist were blinded to the
type of vein-harvesting technique used.

Data Analysis
Analysis of continuous variables was performed with the Student
t test and the multivariate analysis of variance test. The �2 test or

the Fisher exact test were used for comparison of discontinuous
data. The level of statistical significance was established at 95%.
Data are expressed as means and SDs. The degree of intraluminal
stenosis was expressed in 5 categories: no stenosis, stenosis be-
tween 1% and less than 25%, stenosis between 25% and less than
50%, hemodynamically significant stenosis between 50% and
99%, and occlusion (100% of the luminal diameter).

Results
Preoperative Profile of Patients
The preoperative profiles of patients are presented in Table
1. The 2 groups of patients had similar preoperative char-
acteristics. The majority of patients had 3-vessel coronary
artery disease (85% vs 80%, P � .817) and presented with
unstable angina preoperatively (60% vs 65%, P � .81). The
mean ejection fraction was similar in both groups.

Surgical Procedures
In the open group (15 patients) 70% of operations were
performed with the use of the cardiopulmonary bypass
system, and 4 patients were operated on with beating-heart
CABG techniques. The mean crossclamping and bypass
times were 41.0 � 6.5 minutes and 66.1 � 12.4 minutes,
respectively.

Forty-seven bypasses were constructed with 20 internal
thoracic arteries and 27 vein grafts. The mean number of
grafts per patient was 3.1, with 1.8 vein grafts per patient.

In the endoscopic group (17 patients) 85% of operations
were performed with the use of the cardiopulmonary bypass
system, and 3 patients were operated on with off-pump
coronary artery bypass (OPCAB) techniques. The mean
crossclamping and bypass times were 33.4 � 5.4 minutes
and 62.2 � 7.3 minutes, respectively (not significant vs the
open group).

Fifty-three bypasses were constructed with 21 internal
thoracic arteries and 32 vein grafts. The mean number of
grafts per patient was 3.1, with 1.9 vein grafts per patient.
There was no statistically significant difference in the num-
ber of total grafts and vein grafts between the 2 groups.

Postoperative Morbidity and Mortality
Data on postoperative morbidity and mortality are shown in
Table 2. There were no deaths during the perioperative
period in either group. No perioperative myocardial infarc-
tion, defined as peak troponin T values of greater than 10
�g/L and creatine kinase MB values of greater than 50
IU/L, was recorded. Peak values of troponin T (0.3 � 0.4
�g/L vs 0.3 � 0.5 �g/L) and creatine kinase MB (21.9 �
18.9 IU/L vs 23.8 � 35.6 IU/L) were similar in both groups.
Only one stroke was reported in the open group. One leg
wound infection was noted in the dissection group, and none
were found in the endoscopic group. The lengths of inten-
sive care unit and hospital stays were similar in both groups.

TABLE 1. Preoperative clinical and angiographic charac-
teristics of the 2 groups of patients (mean � SD)

Open
(n � 15)

Endoscopic
(n � 17) P value

Age (y) 64.0 � 7.9 57.3 � 7.3 .54
Women/men 1/15 2/17 .64
Unstable angina 12 (60%) 13 (65%) .81
Hypertension 15 (75%) 14 (70%) .054
COPD 2 (10%) 2 (10%) .89
Diabetes 11 (55%) 7 (35%) .071
Three-vessel disease 17 (85%) 16 (80%) .817
Two-vessel disease 3 (15%) 4 (20%) .817
LV ejection fraction (%) 54.3 � 13.7 60.0 � 11.5 .75

COPD, Chronic pulmonary obstructive disease; LV, left ventricular.
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Angiographic Results Determined by Means of QCA
Internal thoracic artery grafts. Data on angiographic

results with internal thoracic artery grafts are shown in
Table 3. There was no statistically significant difference
between the 2 groups in terms of graft occlusion (0% vs
4.8%), angiographic lesions greater than or equal to 50% of
the internal diameter of the graft (20% vs 14.3%), lesions
between 25% and less than 50% of the internal diameter of
the graft (15% vs 9.5%), and lesions between 1% and less
than 25% of the internal diameter (10% vs 14.3%).

Saphenous vein grafts. Data on saphenous vein grafts
are shown in Table 4. Graft occlusion (14.8% vs 15.6%) and
grafts with lesions of 50% or more of the internal diameter
(3.7% vs 0%) were similar in both groups. There was an
increased number of vein grafts with angiographic lesions
of less than 50% of the internal graft diameter in the
endoscopic group (40.7% vs 53.2%), but that difference
failed to reach statistical significance (Figure 1). The num-
ber of grafts occluded or with 50% or greater stenosis was
not significantly different between the 2 groups (5 and 5 in
the open and endoscopy groups, respectively, P � .773).

There was no saphenous vein graft occlusion in the 4
patients having OPCAB in the open group and a single
saphenous vein occlusion in the endoscopic group (P �
.28).

Revision of the preoperative coronary angiography of
patients with occluded vein grafts revealed no differences in

the quality of the distal coronary bed between the 2 groups.
All native vessels had a high-grade stenosis of more than
70% (except one patient in each group), and the majority
were good target vessels for bypass grafting. There were
more occluded vein grafts in the posterior descending artery
territory in group 1, but there was more occlusion in the
anterolateral territory in group 2.

Further analysis of the angiographic lesions of less than
50% of the internal diameter of the graft revealed that there
was no statistically significant difference in terms of diam-
eter, area, and length of the lesions between the 2 groups.

Discussion
The major findings of this study are as follows. First,
endoscopic harvesting of the internal saphenous vein has a
similar rate of graft patency in the early postoperative
period when compared with that of traditional open saphe-
nectomy. To our knowledge, this is the first randomized
angiographic study comparing these 2 techniques of saphe-
nectomy.

CABG remains the most common procedure in adult
cardiac surgery. The internal thoracic artery and the internal
saphenous vein are the conduits of choice in many centers
around the world. Different approaches have been investi-
gated in an attempt to reduce the rate of wound complica-
tions associated with harvesting of the saphenous vein,
including wound infection or dehiscence, skin necrosis, and

TABLE 2. Comparison of postoperative morbidity and mortality between the 2 groups
Open

(n � 15)
Endoscopic

(n � 17) P value

Death (30 d) 0 0 0
Perioperative MI 0 0 0
Cerebrovascular accident 1 0 .295
Reexploration for bleeding 0 0 0
Leg wound infection 1 0 .295
ICU length of stay (d) 3.2 � 1.7 3.9 � 3.8 .873
Hospital stay (d) 9.5 � 4.2 9.6 � 5.8 .989

MI, Myocardial infarction; ICU, intensive care unit.

TABLE 3. Quantitative angiographic results of left internal
thoracic artery graft to the anterior descending artery

Open Endoscopic P value

No. of total grafts 47 53 .951
No. of ITA grafts 20 21 .778
Occluded grafts 0 (0%) 1 (4.8%) .335
No stenosis 11 (55%) 12 (57.1%) .893
1%-�25% stenosis 2 (10%) 3 (14.3%) .684
25%-�50% stenosis 3 (15%) 2 (9.5%) .603
�50% 4 (20%) 3 (14.3%) .637

ITA, Internal thoracic artery.

TABLE 4. Quantitative angiographic results of saphenous
vein grafts

Open Endoscopic P value

No. of SVGs 27 32 .930
Occluded grafts 4 (14.8%) 59 (15.6%) .933
No stenosis 11 (40.7%) 10 (31.2%) .457
1%-�25% stenosis 2 (7.4%) 6 (18.8%) .212
25%-�50% stenosis 9 (33.3%) 11 (34.4%) .934
�50% 1 (3.7%) 0 (0%) .280

SVG, Saphenous vein graft.
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leg swelling, which decrease patient postoperative mobility
and satisfaction. Moreover, the poorer cosmetic result re-
mains an important issue for many patients. In recent years,
the tunneling technique (bridging technique) and endo-
scopic saphenectomy have become 2 of the most popular
techniques used to decrease wound complications.

The bridging or tunneling technique5 with a stripper
through multiple incisions along the course of the saphe-
nous vein allows shorter overall incision length but remains
a blind procedure and technically difficult. Endoscopic tech-
niques have been developed to allow harvesting through a
small incision by using videoscopic magnification,7,8 with
or without gas insufflation. These techniques are associated
with a decrease in wound complications and postoperative
pain and an increase in patient satisfaction and ambulation
after the operation.9-11 Furthermore, a recent study by
Carpino and colleagues18 demonstrated a decrease in the
infection rate in a group of patients at high risk for wound
infection by using endoscopic saphenectomy compared with
open saphenectomy. These interesting clinical results sup-
port a more liberal use of endoscopic saphenectomy for all
patients, but the integrity and long-term patency of saphe-
nous vein grafts harvested with the endoscopic method
remains to be investigated to ensure the long-term security
of this approach.

The reported rate of saphenous vein graft patency is
variable according to the time period of the observation. A
10% to 15% rate of closure is seen in the first month after
the operation, followed by a another 5% to 10% attrition
rate in the next 11 months caused by anastomotic errors,
injury to the conduit, low flow, and disease of the target
coronary artery.19 Another factor affecting the graft failure

rate is the development of fibrous intimal hyperplasia in the
vein graft. This process is uniformly distributed throughout
the graft but might be focally or segmentally prominent in
the early stages and is usually complete by 12 months. The
cells associated with fibrous intimal hyperplasia have ultra-
structural features of smooth muscle cells with a matrix of
acid mucopolysaccharide.20 Scarring and thick collagen
bundles develop in the media as smooth muscle cells are
replaced.21 Recent studies suggest a patency rate of saphe-
nous vein graft between 70% and 85% at 30 months, which
is in contrast to the internal thoracic artery patency, which
approximates 100%.22 Modifications in graft harvesting and
preservation, the postoperative use of antiplatelet agents,
and control of dyslipidemia improved the patency rate. The
use of a no-touch technique with harvesting of the saphe-
nous vein with surrounding tissue, as reported by Souza and
associates,23 improved vein graft patency at 18 months
when compared with the conventional technique (95.4% vs
88.9%, respectively).

Studies investigating functional consequences and struc-
tural integrity have shown that regardless of the harvest
technique used (open vs endoscopy), endothelial, elastic
lamina, and smooth muscle cell continuity, as well as me-
dial and adventitial connective tissue uniformity, were not
statistically different.24,25 Black and coworkers26 studied
the influence of saphenous vein graft harvesting techniques
on the endothelial function and found that there was no
difference in smooth muscle contractions or vasorelaxation
in response to both endothelium-dependent and endotheli-
um-independent agonists between minimally invasive sa-
phenous vein harvesting and open saphenectomy.

In the present study the occlusion rate of saphenous vein
grafts in the open saphenectomy group was 14.8%, and the
occlusion rate was 15.6% in the endoscopic group, a non-
statistically significant difference. There was no statistically
significant difference in the number of angiographic signif-
icant lesions (lesion �50% of the internal diameter of the
graft) in the body of grafts in both groups. There was a
tendency toward an increase in the number of mild angio-
graphic lesions (lesion �50% of the internal diameter of the
graft) in the endoscopic group versus the open group, but
this was not statistically significant. The clinical signifi-
cance of these mild angiographic lesions remains elusive.
There was no difference in the occlusion rate or rate of
greater than 50% lesions in the OPCAB between the 2
groups. Progressive intimal hyperplasia at the site of branch
coagulation, clipping, or both could possibly explain these
results. A progressive scar formation with retraction could
narrow the luminal diameter of the graft and create a zone
of turbulence that could favor the appearance of intimal
hyperplasia. Progressive smooth muscle cell migration and
proliferation could theoretically occur, leading to progres-
sive narrowing of the luminal diameter at these particular

Figure 1. Quantitative angiographic results of saphenous vein
grafting. Example of a lesion less than 50% of the internal diam-
eter of the vein graft (38% stenosis in this case), as determined by
using the QCA method.
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sites of the graft. A longer period of observation will be
needed to evaluate the evolution of these lesions and their
effect on graft failure.

Despite its small sample size, the results of this study
support the safety of endoscopic saphenectomy for saphe-
nous vein grafts when compared with the gold standard of
open saphenectomy, as assessed by means of early QCA
analysis. Despite the fact that early angiographic assessment
cannot exclude the development of late graft intimal hyper-
plasia, it does document the absence of gross vein trauma
leading to occlusion and early stenosis. Moreover, the study
population included mostly young male patients and cannot
be readily extrapolated to patients with technical difficul-
ties, such as obese elderly women with friable veins. How-
ever, no patients randomized were excluded on the basis of
poor vein quality. These results support the standard use of
endoscopic saphenectomy for CABG surgery in the popu-
lation studied because the previously reported wound com-
plication rate is lower and patient satisfaction is higher with
similar short-term angiographic results. A longer observa-
tion period and repeat angiographic studies documenting the
long-term safety of this approach would be ideal, although
increasingly difficult logistically in the current era.

We thank all the staff of the Radiology Department of the
Montreal Heart Institute for their work on this project, especially
the QCA core lab technicians (France Bélanger, Marie-Josée Dus-
sault, and Colette Desjardins) and Dr Lespérance for their exper-
tise in the QCA evaluation.
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