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CHAPTER 1

Introduction, purpose and contents of the thesis
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In the Netherlands, the highest mortality
and morbidity is caused by atherosclerotic
obstructions.1  Atherosclerotic obstruc-
tions can cause severe reduction of the
arterial  blood flow leading to organ dys-
function.  An effective tool to restore this
reduced blood flow is to bypass the ob-
structed artery.  The latest worldwide sur-
vey of coronary revascularization showed
that 583,000 coronary-artery bypass op-
erations were performed in 1995.2 In the
Netherlands in 1995 more than 5,000 pe-
ripheral bypass operations and  in 2001
more than 8,400 coronary-artery bypass
operations were performed .1,20 The au-
tologous vein is the preferred bypass graft
for arterial bypass operations if the size
of the recipient artery and vein are com-
patible and no suitable autologous arte-
rial bypass graft is available.3  When the
diameter of the recipient artery is at least
6 mm in diameter, also the synthetic vas-
cular graft is an often used bypass par-
ticularly for bypassing stenotic peripheral
arteries.4 However, half of the vein grafts
are only effective for a period of 5 to 10
years due to the formation of intimal hy-
perplasia in these grafts.3-8  A PubMed
search learned that between 1975 and
2002 more than 1950 scientific articles
have been published investigating the de-
velopment, and designing strategies to
control intimal hyperplasia.

Intimal hyperplasia
The majority of vein and synthetic bypass
grafts remain patent in the first 2 months
after implantation into the arterial circu-

lation.3,5  After 2 months the patency of
these grafts is threatened due to develop-
ment of intimal hyperplasia.   Intimal hy-
perplasia is defined as the abnormal mi-
gration and proliferation of smooth
muscle cells with associated deposition
of extracellular matrix in the intimal layer
of the vein graft or formation of a
neointima in the synthetic graft. 3-8  Inti-
mal hyperplasia reduces the lumen of the
bypass graft which leads to reduced flow
and can ultimately lead to graft occlusion.
Intimal hyperplasia is furthermore ob-
served after angioplasty, endarterectomy,
and in arteriovenous fistulae for
haemodialysis.5,7,8 In the first week after
operation bypass grafts usually fail be-
cause of technical factors such as techni-
cal errors induced like stenosis at the anas-
tomoses and compression or kinking of
the bypass graft. Between 2 and 24
months after operation vein and synthetic
bypass grafts usually fail because of the
formation of intimal hyperplasia.3,5,8 There
is clinical and experimental evidence that
intimal hyperplasia forms the basis for
vein graft atherosclerosis, an important
cause of late vein graft failure after 24
months after implantation. 3,5,6,9-12   The
success of a bypass graft depends further-
more on the type of bypass, and on the
position of bypass graft in the arterial cir-
culation. The success of bypass grafts is
often expressed in the cumulative patency
rate. For example, the ten year cumula-
tive patency  rate of vein grafts for coro-
nary artery bypass grafting is 52-55 % in
1984 and was not improved in 1995.18,19
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The five year cumulative patency rate of
vein bypass grafts and synthetic bypass
grafts for femoral distal bypass grafting
are 64-74% and 19-37%, respectively. 20,4

Compared to the vein and synthetic by-
pass grafts, the arterial graft develops
minimal or no intimal hyperplasia.3,12   The
use of the gastroepiploic artery and inter-
nal mammary artery well known as grafts
in coronary bypass grafting, resulted in a
cumulative patency rate of more than 95%
seven and ten years after the initial by-
pass graft operation, respectively.18,13 In-
timal hyperplasia has an obviously impor-
tant impact on the postoperative health
status of patients with vein bypass grafts
and synthetic bypass grafts.  Occlusion
of a bypass graft results often in a hospi-
tal readmission and re-operation, and
forms  a heavy burden for the limited re-
sources in the health care. Therefore, stud-
ies to elucidate the events leading to inti-
mal hyperplasia and potential reduction
of intimal hyperplasia have a high prior-
ity. Important cellular events in the de-
velopment of intimal hyperplasia are mi-
gration and proliferation of smooth
muscle cells. Both migration and prolif-
eration of smooth muscle cells are driven
by growth factors. 2,3,5-8,14  Currently, the
pathophysiological triggers for intimal
hyperplasia in vein and synthetic grafts
have been classified as injury, inflamma-
tion, and haemodynamic factors. 3,5-7,13-16

Injury. During  operation endothelium
and smooth muscle cells of the recipient
artery and autologous bypass graft are in-

jured in different ways.  Grasping of the
forceps or other instruments necessary to
harvest the graft, routinely applied high
intraluminal  pressure to check for leak-
age of the graft, and the construction of
the anastomoses causes damage of endot-
helium and smooth muscle cells.  More-
over, immediately after implantation of
the vein graft in the arterial circulation,
the vein is exposed to the high pressures
and high blood flows causing further dam-
age to the venous endothelium.3 This in-
jury leads to the early cellular events in
the autologous graft in the first minutes
after implantation.  Immediate deposition
of circulating platelets is followed by
deposition of leucocytes onto the lumi-
nal side of the bypass.  These platelets and
leucocytes are activated and release
prothrombotic factors such as
vonWillebrand factor and growth factors
such as platelet derived growth factor or
macrophage derived growth factor. In this
way platelets and leucocytes have the abil-
ity to contribute to early thrombosis as
well as to the formation of intimal hyper-
plasia. 3,5-7  Besides the loss of
antithrombotic capacity there is also loss
of antiproliferative capacity in the recipi-
ent artery and bypass graft. The injured
endothelium is less capable of producing
antiproliferative products like heparan
sulfates, nitric oxide, and prostacyclin.7

The physiological balance in the vessel
wall is further disturbed by the release of
intracellular growth factors from injured
medial smooth muscle cells.6,7

Inflammation. Activated leucocytes
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have, besides the direct release of growth
factors, more pathways to contribute in
the intimal hyperplastic wound response.
One of the pathways is  the release of ly-
sosomal enzymes capable of degrading
the extracellular matrix including the
basement membrane. This degradation
allows smooth muscle cells to migrate to
the intima. 3,5-8 The magnitude of the in-
jury caused by activated leucocytes to the
vessel wall is increased by the release of
oxygen free radicals capable to detach re-
maining  ‘’defensive’’ endothelial cells.
Furthermore, oxygen free radicals also
inhibit the growth of endothelial cells.6,7

Haemodynamics.  Another phenomenon
responsible for the development of inti-
mal hyperplasia are haemodynamic fac-
tors like arterial blood flow and pressure.
Low flow is cited to be an important trig-
ger for the development of intimal hyper-
plasia in vein grafts. 2,4,6   Flow velocity is
directly related to blood-vessel wall shear
stress. Shear stress is a factor determin-
ing the probability and duration of adhe-
sion of blood-borne elements to the lu-
minal surface of the bypass graft.  It is
likely that shear stress at the blood - by-
pass graft wall is the mechanical factor
that induces the adhesion of circulating
cells onto the luminal side of the bypass
graft.  Release of mitogenic factors of
adhered platelets and leucocytes are ca-
pable to stimulate smooth muscle cell pro-
liferation. Also in prosthetic vascular
grafts, low flow and low shear stress are
cited to be responsible for the develop-

ment of intimal hyperplasia. 16

The purpose of this thesis:
The purpose of this thesis was to design
new strategies to improve the patency of
small diameter bypass grafts in the arte-
rial circulation by reducing the formation
of intimal hyperplasia. The following
goals were formulated to evaluate the ef-
ficacy of these new strategies:
1. To inventory the factors responsible for,
and the strategies designed to control the
formation of intimal hyperplasia in vein
grafts in the arterial circulation.
2.  To introduce a model to quantify early
platelet and leucocyte deposition onto
synthetic bypass grafts in vitro.
3.  To evaluate the effect of periadventitial
application of a sulfated carbohydrate
polymer on the formation of intimal hy-
perplasia in autologous vein graft in rab-
bits.
4. To evaluate the effect of superhydro-
phobic modification of small diameter ex-
panded polytetrafluoroethy-lene vascular
graft on platelet deposition and on the for-
mation of intimal hyperplasia both in vivo
and in vitro.
5. To evaluate the gastroepiploic artery as
autologous bypass graft for peripheral by-
pass grafting in pigs.

Contents of the thesis:
In chapter 2 the cellular and molecular
pathways leading to intimal hyperplasia
in autologous vein  bypass grafts and their
pathological triggers are reviewed. Cur-
rent strategies to control intimal hyper-
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plasia in vein bypass grafts are discussed.
 The role of platelets in early occlusion in
vein graft and in synthetic graft is evi-
dent16, the role of platelets in the forma-
tion of intimal hyperplasia in these by-
pass grafts is uncertain. Another reason
to study early platelet deposition after
graft implantation beside its role in throm-
bosis is the capacity of activated platelets
to release growth factors contributing to
the intimal wound response. Leucocytes
contribute to the formation of intimal hy-
perplasia in at least two separate path-
ways.  One is the direct release of growth
factors by activated leucocytes. Another
pathway is the release of products who
disturb the integrity of the recipient ar-
tery and bypass graft. This further distur-
bance of the vessel wall besides the sur-
gical manipulation leads to release of in-
tracellular and in the matrix arrested
growth factors. These observations en-
courage the development of a model to
study platelet and leucocyte deposition.
In chapter 3 the fluoresence label Eu-
ropium is used to study early  platelet and
leucocyte deposition onto synthetic vas-
cular grafts in vitro.  This in vitro method
can be used to screen the impact of new
biomaterials on platelet and leucocyte
deposition. The majority of strategies to
improve the patency of autologous vein
and prosthetic bypass grafts have focussed
on systemic therapies and engineering to
attach  endothelial cells onto the luminal
side. Local therapy in vein grafts has the
strong advantage of achieving high con-
centrations onto the target side with most

likely less side effects.

Furthermore, the current type of engineer-
ing of synthetic grafts using autologous
endothelial cells is costly, logistically dif-
ficult and bears the risk of loosing these
cells under high arterial pressure and flow.
These problems stimulated us to study the
effects of a new local therapy and a last-
ing physiochemical modification of the
luminal graft side on the development of
intimal hyperplasia in vein and synthetic
grafts, respectively.  Thus, in chapter 4
we introduced and studied the effect of
periadventitial treatment of a novel hep-
arin mimic on the development of inti-
mal hyperplasia in vein bypass grafts. An-
other way to reduce intimal hyperplasia
is to repel platelets and leucocytes from
the surface of synthetic grafts, in order to
reduce local release of growth factors and
inflammatory components. Increased hy-
drophobicity could potentially contribute
to reduced platelet and leucocyte adhe-
sion. In chapter 5  the effect of
superhydrophobic modification of the lu-
minal side of expanded polytetra-
fluoroethylene grafts on the development
of intimal hyperplasia is studied.
The absence of intimal hyperplasia in the
gastroepiploic artery as arterial bypass for
coronary revascularization  stimulated us
to investigate the formation of intimal hy-
perplasia in gastroepiploic artery as arte-
rial bypass for peripheral
revascularization. In chapter 6 this new
arterial bypass graft for peripheral bypass
grafting is compared with an autologous
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venous bypass graft in a pig model.
In chapter 7 the results of all previous

studies are summarized and integrated
providing future prospectives.
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