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A B S T R AC T

Background: Numbers of intercellular and vascular cell
adhesion molecules (ICAM and VCAM) and major ligands
on endothelial cells for adherence of activated polymor-
phonuclear leukocytes, macrophages, and lymphoid cells
increase in many inflammatory disorders and after trauma
to different tissues. 

Methods: Samples of human saphenous veins were har-
vested from 90 randomly selected patients who underwent
coronary artery bypass graft (CABG) surgery, utilizing two
different techniques (open and endoscopic). Endothelial
cells were collected from the vein samples and cultured for
72 hours. Pre- and postoperative sera, in addition to the
supernatants from the cultures, were analyzed for ICAM-1
and VCAM-1 using enzyme-linked immunosorbent assay. 

Results: Mean preoperative levels of ICAM-1 and VCAM-
1 (0.95 ± 0.58 ng/mL and 1.81 ± 1.03 ng/mL, respectively)
did not differ significantly from that of postoperative sera
(0.98 ± 0.451 ng/mL and 1.74 ± 1.05 ng/mL, respectively) (p
= 0.77 and p = 0.73, respectively). Mean ICAM-1 and

VCAM-1 levels in endothelial cell culture supernatants did
not differ significantly between the endoscopic (0.16 ± 0.05
ng/mL and 0.23 ± 0.10 ng/mL, respectively) and the open
method (0.18 ± 0.08 ng/mL and 0.30 ± 0.27 ng/mL, respec-
tively) (p = 0.19 and 0.13, respectively). 

Conclusion: Our findings indicate that endoscopic and
open saphenectomies are technically comparable in their
effects on ICAM-1 and VCAM-1 synthesis during saphenous
vein harvesting for CABG. We recommend the endoscopic
method for its low morbidity and earlier hospital discharge. 

I N T R O D U C T I O N

Meticulous preservation of the endothelial lining of vein
grafts harvested during coronary artery bypass graft (CABG)
surgery is undoubtedly an important factor in determining
patency rates following bypass procedures. Intact, confluent
endothelium serves as an electrical, mechanical and physio-
logical barrier between flowing blood and the subendotheli-
um. Destruction of the endothelial lining of the vein graft
prior to graft implantation results in a more thrombogenic
graft, occlusive medial smooth muscle cell proliferation and
intimal migration [Cunningham 1981]. 

Among the most important factors that affect the
integrity of the endothelial lining of the harvested vein is
the technique of harvesting. Historically, the saphenous
vein is exposed and harvested through a long continuous
incision. It has been suggested that the long skin incision
may be related to an increase in wound complications by as
much as 43% [Johnson 1988, Schwartz 1988, Wengrovitz
1990, Reifsnyder 1992, Wipke-Tevis 1996, Robbins 1998],
that include cellulitis, hematoma, seroma, edema, saphe-
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nous neuropathy/neuralgia, and ischemic sequelae. This is
especially true for patients with risk factors such as female
gender, obesity, smoking, hypertension, diabetes mellitus,
and peripheral vascular disease [Utly 1989, Cable 1998]. 

Endoscopic saphenous vein harvesting (ESVH) is a new
technique in which the greater saphenous vein is retrieved
through a small incision at the knee, instead of through
the long continuous incision along its course that is made
during the open saphenous vein harvesting (OSVH). The
motivation behind the endoscopic method is to decrease
wound complication and postoperative pain, and ulti-
mately to decrease the length of hospital stay and cost, but
the structural and morphological effect of this technique
on the vein is not clear [Allen 1998].

Intercellular adhesion molecule (ICAM)-1 and vascular
adhesion molecule (VCAM)-1, two major cytokines that
belong to the immunoglobulin supergene family, play a
prominent role in modulating the inflammatory reaction
secondary to the trauma of vein harvesting. They are
expressed or induced on vascular endothelium and are
able to regulate the adhesion of leukocytes to the endothe-
lial cell surface [Bevilacqua 1993, Kanda 1998]. Vascular
endothelial cells are therefore important participants in
normal leukocyte trafficking and the development of
inflammatory reactions [Heraldsen 1996], and CAM-medi-
ated leukocyte trafficking is an important feature in the
initiation and progression of the inflammatory state
involving microvasculature [Granger 1994]. Assays of
ICAM-1 and VCAM-1 in sera and culture supernatants are
becoming an important part of clinical laboratory practice.
Enzyme-linked immunosorbent assay (ELISA) is the most
widely used assay for this analysis. 

The purpose of this study was to evaluate the difference
in levels of these two adhesion molecules in the new
endoscopic and the classic open techniques of saphenous
vein harvesting for CABG. 

M AT E R I A L S  A N D  M E T H O D S

Vein Retrieval 
This study was done in Maimonides Medical Center

(MMC) from November 1998 to May 1999. Saphenous
veins were harvested from 45 patients prepared for CABG.
In the standard technique of open (no-touch) vein harvest-
ing, the greater saphenous vein is exposed and harvested
under direct vision through a long continuous skin inci-
sion, with the patient’s leg in a "frog-leg" position. In the
endoscopic technique, a small incision is made 4 fingers in
breadth posterior to the proximal margin of the patella; the
greater saphenous vein is identified and dissected both cra-
nially and distally under endoscopic visualization through
the incision, then stripped and retrieved. The standard
instrumentation used in the procedure is commercially
known as the Endo-Path (Ethicon Endo-Surgery, Inc,
Cincinnati, OH). It comprises a subcutaneous dissector,
retractor, and a modified vein stripper. In addition, stan-
dard endoscopic equipment including a television monitor,
light source, fiber optic camera and a 5-mm lens were used.

We sampled two vein segments by using each of the
two harvesting techniques on the same leg of each study
patient. This was done by excising a 5-cm segment of the
thigh portion of the saphenous vein, which was cranially
dissected and retrieved endoscopically, as the endoscopic
sample; the sample was clipped distally for orientation of
blood flow direction. In the same procedure, the vein seg-
ment remaining at the site of the incision, about 10 cm in
length, was excised as the direct or open sample. 

The veins were harvested and handled under sterile con-
ditions according to the operating room protocol at MMC. 

Vein Preparation 
Vein samples were incubated in 10 mL Iscove’s Modi-

fied Dulbecco’s Medium (IMDM) with 200 µL penicillin-
streptomycin during transport to the laboratory. In the
laboratory, each vein sample was flushed and cannulated,
injected with plasma-lyte, and the branches were ligated
with 3.0 silk sutures. 

Solutions
The chemical characteristics of the plasma-lyte solution

was as follows: each 100 mL contained 526 mg sodium
chloride USP, 502 mg sodium gluconate USP, 368 mg sodi-
um acetate trihydrate USP, 37 mg potassium chloride USP,
and 30 mg magnesium chloride USP (sodium = 140
mEq/L, potassium = 5 mEq/L, magnesium = 3 mEq/L,
chloride = 98 mEq/L, acetate = 27 mEq/L, gluconate = 23
mEq/L). The pH of the solution was adjusted with sodium
hydroxide to 7.4 (pH 6.5–pH 8.0) and the osmolarity was
294 mosmol/L. The type and composition of the solutions
in our experiments were chosen based upon MMC cardiac
surgical practice recommendations and recent surveys of
North America Cardiac Surgery Centers, as well as upon
recipes suggested in the current literature. 

Endothelial Cell Culture
At the conclusion of the previous procedure, vein sam-

ples were collected and transported using the same trans-
port medium (IMDM). Then, under a laminar flow hood,
the pair of veins (OSVH and ESVH) were placed in petri
dishes each containing 5 mL of endothelial cell culture
medium (IMDM with 25 mM HEPES [hydroxy ethyl piper-
azine ethane sulfonic acid], 3.024 g/L NaHCO3, 100 U/mL
penicillin, 100 µg/mL streptomycin, 15% FBS [fetal bovine
serum], 130 U/mL heparin, and 2 mmol/L L-glutamine).

Each vein was flushed with the indicated solution and
divided into two pieces using a sterile scalpel (no. 15 blade).
The proximal piece was used for culture and the distal piece
for microscopic analysis (unpublished data). The proximal
piece of the vein was slit open so that it lay flat. The lumi-
nal surface was scraped with a sterile scalpel (no. 11 blade)
using light, single strokes, covering each area only once.
Cells that built up on the scalpel blade were shaken off into
the endothelial culture medium. The vein thereafter was
rinsed using the culture medium, and the supernatant con-
taining endothelial cells was then preserved in 25-mL cul-
ture flasks. These flasks were then incubated at 37°C and 5%
CO2 with humidifier for the next 72 hours. 
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Enzyme-Linked Immunosorbent Assay
Preoperative and postoperative blood samples were

immediately centrifuged at 3000g for 10 minutes at 28°C.
Sera from the blood samples and the supernatants of the
72-hour endothelial cell cultures were evaluated for ICAM-
1 and VCAM-1 levels by ELISA. A commercially available
ELISA kit (Biosource International, CA, USA.) was used. 

Well plates were pre-coated with an antibody specific
for human (h)-ICAM and h-VCAM. Samples were diluted
1:10 and 1:50 with standard diluent buffer. The standard
samples and biotinylated secondary antibody were incu-
bated for one hour at room temperature on microtiter
strips. Wells were washed four times with washing buffer;
streptovidin-peroxidase (enzyme) was added, then incu-
bated for 30 minutes at room temperature.

Subsequently, the wells were washed four times with
the same buffer; a substrate solution, chromogen, was
added. The wells were then incubated for 30 minutes at
room temperature in a dark place. Finally, a stop solution
was added. The optical density of the resulting color was
read at 450 nm with a microplate reader.

Statistical Analysis
Results were expressed as mean ± standard deviation.

Data were analyzed using a single analysis of variance pro-
gram written for Lotus 1-2-3 (version 2.2; Lotus Develop-
ment Corporation) (Table 1, ). The two-tailed Student t
test was used to compare the mean values of h-ICAM and
h-VCAM levels, with a level of significance (p value) of
0.05 or less.

R E S U LT S  

Human ICAM
The mean concentration of ICAM-1 in preoperative sera

was 0.95 ± 0.58 ng/mL and for postoperative sera was 0.98
± 0.45 ng/mL. The difference between the means was not
statistically significant (p = 0.77). The mean concentration
of h-ICAM in the 72-hour endothelial cell culture super-
natants from ESVH was 0.16 ± 0.05 ng/mL, and for the
OSVH was 0.18 ± 0.08 ng/mL. The difference between
these means was also not statistically significant (p = 0.19).

Human VCAM
The mean concentration of VCAM-1 in preoperative

sera was 1.81 ± 1.03 ng/mL and that for postoperative sera
was 1.74 ± 1.05 ng/mL (Table 2, ). The difference
between the means was not statistically significant (p =
0.73). The mean concentration of h-VCAM in the 72-hour
endothelial cell culture supernatants from ESVH was 0.23
± 0.10 ng/mL and from OSVH was 0.30 ± 0.27 ng/mL. The
difference was not statistically significant (p = 0.13).

D I S C U S S I O N

The success of the saphenous vein conduit used as a
CABG has been linked to a number of specific properties
of the vessel wall [Luscher 1991, Chester 1996]. Endothe-
lial adhesion molecules are classified according to their
molecular structure. ICAM and VCAM are molecules that
belong to the immunoglobulin supergene family, are
95–130 kDa in weight, comprise 90–100 amino acids
arranged in a sandwich of two sheets of anti-parallel �
strands, and are stabilized by a central disulfide bridge
[Alzari 1988, Springer 1990, William 1998]. The immuno-
globulin molecule ICAM-1 binds to its ligand lymphocyte
function–associated antigen (LFA)-1, which is present on
all leukocytes [Marlin 1987]. LFA-1 is primarily responsible
for regulating the avidity of all cell interactions [Springer
1990]. VCAM-1 binds to its co-receptor, the very late anti-
gen (VLA)-4 which is present on monocytes and lympho-
cytes but not on neutrophils [Elices 1990]. It is believed
that recruitment of cells by these adhesion molecules plays
a role in atherogenesis [Grimbrone 1990, Wood 1993].

The up-regulation of cell adhesion molecules on the sur-
face of vascular endothelium cells by inflammatory
cytokines facilitates the adhesion and extravasation of
peripheral leukocytes. Not only is leukocyte trafficking
important in the microcirculation where its pathophysio-
logic significance has been well characterized [Shanley
1995, Kanda 1998], but cell adhesion molecule–mediated
leukocyte adhesion and extravasation are also consequen-
tial events in the development of large-vessel vasculopathies
[Cybulsky 1991]. In addition, it has been clearly shown that
antibodies against ICAM-1 are capable of preventing reper-
fusion injury induced by polymorphonuclear leukocytes
[Ma X-I 1992], supporting the hypothesis considering the
significance of adhesion molecules in vein-conduit patency. 

Although earlier studies did not extensively examine
the underlying physiologic and biochemical mechanisms

Table 1. Mean human ICAM concentrations (ng/mL), pre- and
post-CABG, and in endothelial cell culture supernatants from
saphenous veins harvested using the endoscopic or open
techniques*

Preoperative Postoperative Endoscopic Open

0.95 ± 0.58 0.98 ± 0.45 0.16 ± 0.05 0.18 ± 0.08

*ICAM indicates intercellular adhesion molecule; CABG, coronary artery
bypass grafting.

Table 2. Mean human VCAM concentrations (ng/mL), pre-
and post-CABG, and in endothelial cell culture supernatants
from saphenous veins harvested using the endoscopic or open
techniques*

Preoperative Postoperative Endoscopic Open

1.81 ± 1.03 1.74 ± 1.05 0.23 ± 0.10 0.30 ± 0.27

*VCAM indicates vascular cell adhesion molecule; CABG, coronary artery
bypass grafting.
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[Cunningham 1981], it was understood that steps involved
in the preparation and handling of the saphenous vein
were critically important and had a major impact on the
eventual health and patency of the constructed bypass
conduit [Etchberger 1991, Quist 1992]. The assumption
was that a vein graft with normal morphology at the time
of reimplantation had the greatest likelihood of adapting
to the arterial flow without subsequent lumen reduction
due to thrombus or intimal fibromuscular lesion forma-
tion [Cunningham 1981]. 

Much of the focus in the literature has been on the
importance of vein handling, i.e., preservation relevant to
the open, no-touch technique of vein harvesting. In 1985,
Meldrum-Hanna et al. described a new technique of saphe-
nous vein harvesting which was a version of the standard
well-known open method at that time, using multiple small
incisions and a Mayo "stripper" rather than a single long cut,
thus minimizing major wound complications associated
with it [Wyatt 1966]. They concluded at the end of their
study that vein harvesting by their method was easy, with
good results both morphologically and functionally. In addi-
tion, patients had minimal wound complications and supe-
rior cosmetic results. Later in 1996, Allen et al. described a
further development with the introduction of the endoscop-
ic technique, focusing on the lower wound complication
rates compared with the traditional method and the mini-
mal impact on vein morphology and structure [Allen 1998].
In contrast to older beliefs, ESVH has revolutionized surgical
intervention with a uniquely safe vein conduit, both in
structure and morphology [David 1990, Santoli 1993].

We demonstrated in our study that there was no signifi-
cant difference between the pre- and postoperative levels of
ICAM and VCAM and that neither technique of saphenous
vein harvesting (OSVH or ESVH) changed the mean con-
centration levels of these adhesion molecules. The compa-
rability of the two methods suggests that vein manipula-
tion and minor physical shears in operative extraction of
the vein conduit would have minimal impact on adhesion
molecule release from the endothelial cells, which will sub-
sequently affect the performance of the vein conduit. 

One limitation of this study is that we evaluated the
levels of both adhesion molecules in the supernatants of
the endothelial cell cultures for 72 hours only. Follow-up
that requires culturing for a longer period and daily meas-
urement of the adhesion molecules would be more accu-
rate than single measurements. 

The other disturbing limitation was the effect of car-
diopulmonary bypass that causes activation of leukocytes,
especially neutrophils with the release of a number of
cytokines such as interleukin (IL)-1, IL-2, IL-10, tumor
necrosis factor �, and interferon � [Finn 1992, Gu 1992,
Gillinov 1993, Deng 1995]. These cytokines and other
released factors in the blood can cause up-regulation of
adhesion molecules and thus affect future performance of
bypass conduits. 

Longer follow-up of the patency rate of saphenous vein
grafts in patients who had CABG using the endoscopic
technique for vein harvesting, then comparing them to
randomly selected patients with grafts harvested by the

old traditional technique, will be required to further vali-
date our results.

C O N C LU S I O N

The comparable results of adhesion molecule expres-
sion in both techniques indicates that the novel endoscop-
ic technique of vein harvesting could be a safe and unique
method for vein preparation during CABG surgery, keep-
ing in mind its low morbidity rates. Thus, this method is a
reasonable alternative to the standard open method and
has several potential advantages.
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