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Electron scanning. Transverse section of a vein
graft 4 weeks after implantation into the arterial
system (320). Thickening of the wall of vein grafts
is a physiologic adaptation to the arterial system
regulated by a delicate balance of many factors.
This balance can be altered in specific hemody-
namic conditions, and it may be related to genetic
factors and aging through increased production
of inflammatory cytokines.

CENTRAL MESSAGE

Thickening of the wall of vein
grafts is a physiologic adaptation
to the arterial system, regulated
Ten years after surgery, only 40% of the saphenous cor-
onary artery bypass grafts have a normal appearance.1

Myointimal hyperplasia and atherosclerosis are unusual
in the internal thoracic artery. A systematic review has
shown better patency rates for the radial artery.2 The
aim of our study was to determine the release of several
inflammatory cytokines from experimental arterial and
vein grafts. Increased production of inflammatory cyto-
kines by vein grafts might lead to higher incidence of
occlusive changes.
by a delicate balance of many
factors. This balance can be
altered in specific hemodynamic
conditions, and it may be related
to genetic factors and aging
through increased production of
inflammatory cytokines.

See Commentaries on pages 51 and 53.
MATERIAL AND METHODS
Study Design

Male Lewis rats were used for the experiments. In 80 animals, a 1-cm–

long segment of vena cava, explanted from syngeneic Lewis rats, was in-

serted at the level of the abdominal aorta. In 16 animals, the arterial vein

graft was explanted 4 weeks from surgery and reimplanted in the iliac

vein of syngeneic Lewis rats. The reimplanted grafts were harvested

2 weeks and 8 weeks later.

In another 20 male Lewis rats, a 1-cm–long segment of abdominal

aorta, obtained from syngeneic Lewis rats, was inserted at the level of

the abdominal aorta. Four weeks after surgery, the grafts were removed.

All explanted grafts were analyzed for scanning and electron microscopy,

histochemistry, and inflammatory cytokine release in an organ culture

(Appendix 1).
RESULTS
Lumen Diameter and Intima–Media Thickness

The lumen diameter and thickness of the wall
increased in veins implanted into the arterial circulation
(P < .0001). There was no significant further increase
4 weeks after surgery (Figure 1). Once reimplanted in
the venous circulation, the intima–media layer and the
lumen diameter decreased significantly (P<.001). Eight
weeks after reimplantation, the area of myointimal hyper-
plasia disappeared completely. In arterial grafts, there
was no evidence of myointimal hyperplasia or changes
in lumen diameter.
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Histology
The area of myointimal hyperplasia in arterial vein grafts

consisted mainly of smooth muscle cells. The adventitia
presented significant thickening, with predominance of
collagen deposition. All these changes regressed once the
arterialized vein graft was reimplanted in the venous circu-
lation. Arterial grafts did not show significant differences in
comparison with the preimplantation histology. Histochem-
istry demonstrated that endothelial cells and adventitial
cells of arterial vein grafts were positive for interleukin
(IL)-1, IL-2, and IL-6.
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FIGURE 1. Schematic drawing representing the possible interactions be-

tween the inflammatory cytokines produced by the veins grafts and dereg-

ulation of the immune system. The condition of chronic inflammation,

determined by increased local production of inflammatory cytokines by

arterial vein grafts or other sources can determine a central and systemic

deregulation of the immune system. This deregulation can directly influ-

ence an increased production of inflammatory cytokines in the periphery,

leading to chronic inflammation and progression of myointimal hyperpla-

sia to atherosclerotic plaque, eventually leading to graft occlusion. IL,

Interleukin; TNF, tumor necrosis factor.
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Analysis of Graft-Conditioned Media
In organ culture, arterial vein grafts released an

increased, time-dependent amount of inflammatory cyto-
kines (P<.001). This increased production was not present
in arterial grafts (Tables 1 and 2).
DISCUSSION
The vein adapts to the arterial circulation, increasing the

internal diameter and the thickness of the wall to respond to
higher internal pressure and larger quantities of blood. This
adaptive changes include reduced compliance.

Vein grafts may undergo occlusive changes. The
abnormal segmental hyper-plastic reaction that can
TABLE 1. Inflammatory cytokine release by vein grafts implanted in the

arterial circulation and reimplanted in the venous system

ng/cm2 Control vein AVG 7 d

IL-1 0.2 � 0.05 3.6 � 0.9

IL-2 0.2 � 0.03 4.0 � 0.8

IL-6 0.01 � 0.01 3.9 � 0.2

TNF-a 24 � 2 33 � 3

AVG, Arterialez vein grafts; RV, reimplanted vein grafts; IL, interleukin; TNF, tumor necr
progress to atherosclerotic plaque may be related to turbu-
lences occurring near the valves or in fibrotic segments.
Inflammatory cytokines may play a major role in the pro-
gression from myointimal hyperplasia to atherosclerotic
plaque, inducing activation of leukocytes and macrophages,
proliferation of smooth muscle cells, and transport of lipids
into the plaque. These actions determine increasing size of
the plaque transforming a simple plaque in a ‘‘dangerous’’
unstable plaque.3,4

An aggressive antiplatelet and lipid-lowering therapy has
been shown to improve patency rates of coronary vein
grafts. It is possible that those therapies could have a major
role in reducing the production and effect of inflammatory
cytokines.
New targeted drugs, with a more selective action, have

been developed and applied in the clinical setting. The re-
sults of the CANTOS trial5 show that inhibition of IL-1
beta in patients with previous myocardial infarction and
increased levels of inflammatory markers reduces the risk
for new cardiovascular events.
We reviewed the clinical outcomes of 2000 autologous

vein grafts implanted into the arterial circulation of chil-
dren. Graft occlusion due to abnormal formation of myoin-
timal hyperplasia in the graft was rare. Ageing per se might
facilitate atherosclerosis. Inflammatory cytokines can exert
their action locally and systemically. Chronic inflammation
might deregulate with aging of the central immune system,
activating specific clones, with an autoimmune action.
The vein adapts to the arterial circulation through com-

plex mechanisms in a delicate balance that can be altered
in abnormal hemodynamic conditions, genetic factors,
and aging. The artery implanted as autologous graft does
not face such an adaptation.
CONCLUSIONS
Future studies are needed to investigate possible

methods to reduce occlusion in coronary vein grafts. It
is essential to distinguish between physiologic adaptation
of the vein graft to the arterial circulation from the patho-
logical changes that are related to specific abnormal flow
hemodynamics, advanced age of the patient, and systemic
factors.
arterial circulation and by vein grafts implanted for 4 weeks in the

AVG 4 wk RV 2 wk RV 8 wk

3.8 � 0 0.5 � 011 0.3 � 0.1

4.2 � 0.3 0.4 � 0.1 0.3 � 0.05

4.0 � 0 0.6 � 0.05 0.2 � 0.1

50 � 6 220 � 15 23 � 2.1

osis factor.
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TABLE 2. Inflammatory cytokine release by arterial grafts explanted

and reimplanted in the arterial circulation

ng/cm2 Preimplantation Postimplantation (4 wk)

IL-1 0.3 � 0.05 0.4 � 0.9

IL-2 0.4 � 0.1 0.6 � 0.2

IL-6 0.1 � 0.1 1.2 � 0.2

IL, Interleukin.
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APPENDIX 1. SURGICALTECHNIQUES
The thoracic inferior vena cava was used as graft. It was

implanted in the infrarenal abdominal aorta of Lewis rats in
an end-to-end fashion; 10-0 nylon sutures were used (Ethi-
con Inc, Somerville, NJ) in a continuous fashion, with 2
starting sutures placed at 180�.

In 16 animals, the graft was harvested 4 weeks after being
in the arterial circulation and reimplanted at the level of the
left iliac vein of recipient Lewis rats, with the same tech-
nique as described earlier.

At harvest, the grafts were opened in the middle to assess
the patency, checking the inflow and the outflow. All grafts
were patent at the time of sacrifice. No antiaggregant or an-
ticoagulation was used.
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In another 20 male Lewis rats, a 1-cm–long segment of
abdominal aorta, obtained from syngeneic Lewis rats, was
inserted at the level of the abdominal aorta. Four weeks after
surgery, the grafts were removed and analyzed for scanning
and electron microscopy, histochemistry, and cytokine
release. Animal care complied with the Guide for the Care
and Use of Laboratory Animals (US National Institutes of
Health, N. 80-23, modified 1996). Xylazine and ketamine
were used for anesthesia. Animals were humanely killed
with an overdose of anesthetic. The study was approved
by the Department Council and the Laboratory Council.

Explanted Grafts Analysis
Grafts organ culture. The technique has been described.3

In brief, the graft specimens were washed with Dulbecco
Modified Eagle Medium with antibiotics and placed in cul-
ture plates (Costar, Cambridge, Mass). The graft specimens
were put in the organ culture at a pH of 7.4, 37�C, and 5%
CO2 atmosphere. Aliquots of the culture media were taken
at 72 hours, and the concentrations of the inflammatory cy-
tokines were analyzed. The specimens were viable after
72 hours of incubation by cytofluorometry and titrated
thymidine uptake.
Determination of inflammatory cytokines in the condi-
tionedmedia. These substances were determined quantita-
tively in the grafts’ conditioned media by inhibition
of antibody-binding assay with a method previously
described.3 In brief, antibodies to the different substances
were added. The antibody-binding activity was measured,
after further steps, by enzyme-linked immunosorbent assay.
Bound specific antibody was measured by optical density
reading at 492 nm with a spectrophotometer. The quantity
of the different substances was assessed using known quan-
tities of that substance.
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