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And we’re holding up the bypass
Me and my dad having a top laugh
Sitting on the tool box
And I’m so glad I’m not in school bus
So glad I’m not in school, oh no
JCB by NIZLOPI from the album HALF THESE SONGS ARE ABOUT YOU, 2006
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Introduction, purpose and outline of this thesis
Dirk M. Scharn1 MD
Departments of Vascular Surgery Slingeland Hospital Doetinchem1 and Radboud
University Medical Center Nijmegen2, The Netherlands
Peripheral arterial obstructive disease
Arterial occlusive disease of the lower extremity is part of a broad spectrum of
vascular pathology in which other arterial pathways are involved as well, such as
cardiac and cerebral. Its natural course is not simply directed towards progression
and, finally, tissue necrosis since formation of a collateral vascular bed might result
in a stable situation without further deterioration. Nearly 40 percent of all patients
suffering from intermittent claudication – defined as symptomatic arterial occlusive
disease without critical limb ischemia – experience relief of symptoms, while in
another 40 percent stable disease is encountered. In 20 to 30 percent, disease will
eventually show significant deterioration and the need for a vascular intervention
will be recognized1,2. Although often seen as the ultimate fate and therefore
feared by many patients, major amputation is a relatively rare outcome of lower
extremity occlusive disease, with only 1% to 3% of claudicants requiring major
amputation over a 5-year period. Smoking is the most important risk factor leading
to progression of local disease. Amputation rates are 11 times greater in smokers
than in nonsmokers3. Other risk factors that may lead to progression of symptoms
are diabetes, male gender, hypertension, kidney failure, hypercholesterolemia and
increasing age.
Risk factor management
Recognising risk factors for cardiovascular disease is of major importance in the
modern treatment of the so-called ‘vascular’ patient, as the risk of other events
like myocardial infarction or stroke is two to three fold higher in patients with
peripheral arterial disease compared to people without peripheral arterial disease4.
Therefore, peripheral arterial occlusive disease should be regarded as a marker
for increased risk of events in the entire vascular system. In fact, in claudicants
the risk of suffering from non-fatal myocardial infarction or stroke is higher than
the risk of ever to undergo major amputation for the disease. Despite all efforts
to halt the atherosclerotic process that is responsible for progression of vascular
occlusive disease by risk factor modification, mortality rates in claudicants are 30%
at 5 years, 50% at 10 years and 70% at 15 years. In cases presenting with critical
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ischemia mortality rates are even higher. These mortality rates exceed those for
overall malignant disease.
Intermittent claudication
Treatment of peripheral arterial disease is aimed at reduction of clinical symptoms
of intermittent claudication, prevention of tissue loss and prevention of general
complications such as coronary heart disease and cerebrovascular disease5. In the
Netherlands, in patients with peripheral arterial occlusive disease not suffering
from critical ischemia, conservative treatment – covering exercise therapy and risk
factor modification – is advocated as an effective, first treatment option6. This is
in accordance to the TransAtlantic InterSociety Consensus (TASC), that advises
supervised exercise therapy for patients with intermittent claudication7.
Being a non-invasive, relatively inexpensive and effective method, exercise therapy
is the primary conservative and proven treatment for intermittent claudication8.
Exercise therapy can be implemented by different regimens, ranging from
unsupervised walking recommended by a physician to formal supervised exercise
programs involving walking on a treadmill. A recently published systematic
review of literature addressing different exercise therapy regimens concluded
that supervised exercise therapy has statistically significant benefits compared
with non-supervised regimens9. A program of supervised exercise training is
therefore the cornerstone of treatment for reducing claudication symptoms. Best
results are obtained if an exercise programme is established under supervision
of a vascular trained nurse practitioner, physician assistant or fysiotherapist10,11 .
Patients participating in a program of supervised exercise therapy in a clinical
study approach seem to benefit comparably to those taking part in a program
of supervised exercise therapy in a community-based setting, although a high
drop-out rate was observed in the latter 12. The exact mechanism responsible for
the improvement of treadmill exercise performance and lessening of claudication
pain is not fully understood13. A role is attributed to calf muscle hemoglobin
oxygen saturation characteristics, skeletal muscle metabolic changes, endothelial
vasodilator function, blood viscosity and inflammatory responses14 ,15. The
adaptive responses within muscle are attributed to periods of intermittent hypoxia
induced by ischemia during exercise and are accounted for by the capacity of
ischemic muscle tissue to undergo metabolic enhancement. Exercise training
has been shown to increase the number of mitochondria and capillaries in muscle
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tissue, which allows for increased cellular oxygen extraction, increased aerobic
metabolism, and a reduction in anaerobic glycolysis16. In this way, a more effective
oxygen uptake and utilization is adopted and, thus, the metabolic modifications
seem to enable claudicants to make more efficient use of the available substrates
during exercise, without increasing perfusion17.
Regular exercise also seems to promote improvement in collateral flow to
the ischemic muscles. Walking exercise widens pressure gradients across the
occluded arterial segment, encouraging the hypertrophy of collateral arteries. It
is generally believed that the effect of promoted inflow is represented by further
development of pre-existing vessels in areas with pressure gradients, rather than
the development of new arteries. In addition to this, regular exercise may lead to an
improvement in cardiac output and circulatory dynamics.
Because of their minimal invasive character and suitability to be applied on an
outpatient basis, percutaneous dilatation techniques have acquired a prominent
place in the treatment of patients with peripheral arterial disease. Percutaneous
transluminal angioplasty (PTA) has been thoroughly studied in relation to
conservative therapy as an attractive treatment modality. After six months, a
significant improvement of walking distance and a better quality of life were
recorded in favour of PTA. However, after two years of follow up in one study and
after six years in another, no difference in walking distance or quality of life was
noticed regarding to both treatment options18,19. As PTA also appears to have
a better result in the short term, it should be considered in selected cases as an
adjunct to supervised exercise programmes for intermittent claudication.
The use of an endoluminal stent without restraint is discouraged because for
femoropopliteal disease, stenting did not appear to have better results compared
to PTA alone, although this has yet to be confirmed by large multicentre prospective
trials20. Only if completion angiography after PTA reveals a disappointing result,
the use of a stent should be taken into consideration. Interestingly, the primary use
of PTA does not seem to limit surgical treatment options, should the need for them
arise in a later stage of the disease process.
In an update of its original guidelines, The TransAtlantic InterSociety Consensus
states that in a situation where endovascular revascularization and open repair (i.e.
bypass) of a specific lesion causing symptoms of PAD are associated with equivalent
short- and long-term symptomatic improvement, endovascular techniques should
be used first21 .
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Surgical therapy for intermittent claudication offers excellent results in both
aortoiliac and femoropopliteal disease, but because of the relatively benign natural
course of intermittent claudication, surgical therapy should be considered only
in relation to possible complications it may produce. If conservative treatment
for at least several months has not yielded any benefit and symptoms appear to
be severely disabling or socially inacceptable according to the patient’s lifestyle
or profession, surgical treatment may be considered. As the success of a surgical
revascularization procedure is greatly depending on the location and morphology
of the patient’s disease, adequate preoperative assessment of inflow and outflow
is mandatory to keep the treated segment functioning correctly.

Critical ischemia
Progression of symptoms leads to critical ischemia with pain during resting states
or tissue loss. To prevent further loss of tissue and eventually major amputation,
the need for limb-salvaging revascularization seems obvious in these cases. One
must bear in mind, though, that for some patients limb amputation of any kind
could indeed be the best option, relating to comorbidity, prognosis and preexistent impaired ambulatory ability22.
In modern vascular surgical practice, the definition of procedural success, namely
reconstructing patency, has been submitted to reconsideration, as it is increasingly
seen as a poor predictor of both patient palliation and functional success23. The
treatment of limb-threatening ischaemia should aim to maintain pre-morbid
lifestyle, an aim which is, of course, most often achieved by limb-salvage. The
patient’s own expectations and needs however have a major bearing on the choice
of therapy. Determining the most favourable therapy may be impeded by poor
patient prognosis, as 5-year survival rates range from 30% to 80% in this group
of patients. An unfavourable relationship between presentation of disease and
chances of revascularisation success is also recognised: when only resting pain
exists on initial presentation 5-year patency rates reach 72%, whereas these rates
drop to 46% if gangrene or tissue loss is present.24 ,25.
When revascularization is considered to be the best option in a case of critical
ischemia, the choice of treatment modality by which it is accomplished is depending
on many factors. Short term results are comparable for both endovascular and
vascular surgical techniques. In short lesions, PTA or percutaneous intentional
extraluminal recanalization (PIER) have better patency rates compared to long
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lesions. Also, the use of an endoluminal stent appears to lead to better results.
Very important and often employed in everyday vascular surgical practice is the
fact that if, for any reason, a short term result is the purpose, the less invasive PTA
or PIER, provided technically feasible, should be the treatment of choice26,27.
In longer lesions, bypass surgery offers better results than endovascular
techniques. Because untreated critical ischemia will lead to a rapid progression of
symptoms and therefore eventually may result in amputation, despite the risk of
complications – such as primary occlusion, infection and systemic complications –
the use of operative techniques is justified. Aortoiliac occlusive disease for patients
with ischemia is effectively treated by aortoiliac, aortofemoral or iliacofemoral
bypass surgery, with relatively constant patency rates over the last years of
87.5% and 81.8% at 5 and 10 years, respectively28. Controverse ideas existed on
the subject of bilateral reconstruction in the aortoiliac tract. Perhaps surprisingly,
secondary contralateral reconstruction was performed in only 6% of the patients
who underwent an initial unilateral operation. Unilateral vascular reconstruction for
iliac obstructive disease is a well-tolerated procedure with an excellent long-term
outcome. It is a valuable alternative to conventional aortobilateral reconstruction
in carefully selected patients. Prophylactic reconstruction of an asymptomatic iliac
stenosis without signs of significant hemodynamic impairment is most often not
indicated29.
In high risk patients, aortic clamping can be avoided through the use of a femorofemoral crossover bypass, with results comparable to aortoiliac reconstruction,
provided a good run-off is present and the graft is externally supported30,31 .
Because patency rates in femoropopliteal bypass surgery tend to be lower than
in the aortoiliac and aortofemoral reconstruction, the choice for this treatment
depends especially on the severity of symptoms. Severely invalidating intermittent
claudication and critical ischemia can justify the use of this technique. Possible
conduits suitable for infrainguinal bypass graft surgery are autologous vein
grafts, prosthetic grafts – such as ePTFE or Dacron – and preserved allografts
or xenografts. The impact of postoperative pharmacologic measures on graft
patency has been addressed by a large Dutch trial covering the late 90s comparing
the effect of coumarin derivates and anticoagulant drugs on bypass graft patency
of venous and synthetic grafts, the BOA-trail32.
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Bypass graft surgery
Vascular surgery has rapidly developed as a speciality into which new vascular grafts
have been introduced by individual surgeons who obtained excellent results, often
by virtue of unusual technical ability or careful case selection. These retrospective
personal series may be presented in a way that makes a graft performance
appear better. In 1948, Kunlin33 advocated the use of the greater saphenous vein
for infrainguinal above-knee bypass surgery and ever since it has been the graft
material of choice. This is mainly due to the fact that the autologous vein holds
several beneficial characteristics, among others superior biocompatibility and a
healing process with an endothelialised, thromboresistant intima.
Recent studies however show almost comparable results for synthetic grafts
used as a conduit in this particular region when compared to autologous bypass
grafts34,35. This is of importance for those patients, in whom an adequate
-ipsilateral- greater saphenous vein is not available for bypass grafting. This can
either be due to anatomical or to practical reasons, as the autologous graft often
is deliberately be spared for consecutive reconstructions in the distal region of the
extremity or for coronary bypass surgery 36. Preservation of the greater saphenous
vein in supragenicular femoro-popliteal bypass surgery has been proven not to be
a valid argument for application of prosthetic material. Therefore the use of vein is
recommended, whenever appropriate37.
In order to pursue the ideal substitute for the autologous vein graft, many
materials have been taken into consideration. Of these, polytetrafluoroethylene
(PTFE), polyester (Dacron) and glutaraldehyde-stabilised human umbilical vein
(HUV, Dardik) bypass grafts have gained most of the vascular surgeon’s attention.
Several randomised clinical studies compared PTFE to HUV38, Dacron to PTFE39
and all of the above to autologous vein40. Although a retrospective study of a single
surgeons practice demonstrated significantly better patency for knitted Dacron
than for PTFE, prospective trials achieved remarkably similar patencies of 32% and
31% respectively for Dacron and PTFE in above-knee femoro-popliteal bypass for
intermittent claudication with follow-up to 10 years41,42,43,44. The HUV graft was
considered to have a slight patency advantage compared to entirely synthetic
materials but showed more complex handling characteristics and a theoretical
risk of aneurysmal degeneration45,46. Although HUV tended to achieve marginally
better patency over up to five years compared with PTFE these results have not
greatly altered clinical practice, presumably as surgeons do not feel that this small
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benefit in improved patency justifies the expense and extra difficulty in using HUV.
Ever from its emergence in 1953, the use of HUV grafts in infrainguinal bypass graft
surgery has been subjected to meticulous investigation by Dardik, who’s life’s work
in this field is noteworthy47,48,49.
Dacron polyester grafts have been commercially available since 1957 but have
undergone specific changes of technical nature overtime. At first, it was introduced
in its knitted form as a graft for femoro-popliteal bypass and, by then, the only
alternative to saphenous vein. Its durable material and comfortable handling
were appreciated by many vascular surgeons. The fact that early experiences
with Dacron proved disappointing must be attributed to its high thrombogenicity
because of the synthetic nature of the graft and has persuaded many surgeons
to abandon its use. The role of platelets in generating thrombus on the luminal
surface of prosthetic grafts was not then appreciated and nor was the value of
platelet inhibitory drug therapy. Furthermore, the former observation that Dacron
was rendered less suitable for distal femoro-popliteal reconstructions was made in
the context of comparing it with saphenous vein.
As the concept of thrombogenicity was adopted, structural changes to the highly
thrombotic lining of the graft were employed. Coated grafts were introduced,
removing the need to pre-clot, which improved peroperative convenience and
presumably reduced the high thrombogenicity previously associated with Dacron
grafts. In 1974, Sauvage introduced a microvelour lining to facilitate better ingrowth
at the same time combining this with less porosity50. Patelet inhibitory drugs were
used in most, if not all, the modern series in which prosthetic arterial grafts achieved
satisfactory or good patency in femoro-popliteal bypass. Acetylsalisylic acid as well
as coumarin derivates reduce the rate of platelet deposition in prosthetic materials
and improve patency in femoro-popliteal bypass.
Subsequently, patency figures for Dacron bypass grafts improved and when Dacron
was studied in patients on platelet inhibitory drug therapy the patency rate was at
least as good as that associated with other prosthetic femoro-popliteal grafts51,52.
Ever since, other modifications to the graft material have been developed. The
grafts have kept their harmonica shaped structure to prevent kinking, but have
become lined with different layers. Recently, attention has been directed to several
different chemical additions to both the inner and outer lining grafts53. In this
context a heparin bond to the inner and a collagen coating to the outer lining of the
graft was introduced (InterGard® prosthesis). The underlying idea was to combine
low thrombogenicity with superior ingrowth. The heparin bonded polyester
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graft should retain the durability and strength of Dacron but with a flow surface
that offers a sustained but low level of heparin release into the lumen to reduce
thrombogenicity. Vigorous laboratory testing has demonstrated that durable
(longer than 3 months) heparin release does occur and is non-toxic in animal
toxicology studies.
At the time of initiation of the clinical trial in this thesis, no prospective comparative
evaluations had been undertaken to compare the results of HUV and Dacron bypass
grafts in the infrainguinal region.
Thrombogenicity of graft materials
Whereas the clinical importance of graft failure justifies a careful designed clinical
study, basic scientific laboratory studies may help to understand its complicated
nature. With the intention to possibly explain the results of our clinical studies, we
developed an animal model allowing us to test different graft materials and examine
their biologic behaviour. Concentrating on thombosis and intimal hyperplasia as key
elements of the process of graft failure, investigations were directed towards both
of these. In order to determine the occurrence and extent of thrombosis after graft
insertion in a vascular flow system, the concept of graft thrombogenicity was used.
With the introduction of the 99mTechnetium labelled glycoprotein IIb/IIIa receptor
antagonist DMP-444, detecting and quantifying adherence of unmanipulated
thrombocytes was technically feasible. The appearance of intimal hyperplasia after
graft application was examined by light microscopy and selected tissue staining.
Both of these techniques, applied in the animal model, allowed for comparison of
different graft materials inserted in similar circumstances.
Aim of this thesis
Although femoro-popliteal bypass is a standard part of vascular surgery, a
substantial proportion of such reconstructions fail due to graft thrombosis so
that any improvement in the graft material has important clinical implications.
Furthermore, as at least 30% of prosthetic femoro-popliteal reconstructions will
fail within two years, femoro-popliteal bypass is an ideal “test bed” for new vascular
materials. In both saphenous vein and prosthetic femoro-popliteal bypass most
graft failures occur in the early months following reconstruction. For prosthetic
grafts, this failure rate is 53 per 1000 patient-months in the first three months,
falling to 21 at 6-12 months and around 10 per 1000 in subsequent years54. A clinical
trial – the DaDa-trial – therefore was planned to concentrate on patency over the
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first 5 years knowing that over half of all graft failures over this period would occur
in the first year following graft implantation.
Whereas adequate numbers of patients for a clinical trial in femoro-popliteal bypass
cannot be entered from a single centre, the design of the protocol in multi-centre
studies is often a compromise between an adequate evaluation of results, including
risk factor analysis, and the simplicity required to achieve widespread co-operation
among busy vascular surgeons. The purpose of the presented study, therefore, was
to implement the optimal protocol and simplify the collection of data by employing
a surgical study co-ordinator to visit the participating vascular centers. This also
should reduce protocol violations and encourage more complete participation.
A cooperation was established with the investigators of the above-mentioned Dutch
BOA trial. Initially, all of the DaDa-trial participants also took part in the BOA-trial
and it was obvious that coordination and simplification of the randomisation and
data collection would benefit both studies. Therefore, the principle was that the
BOA trial agency was informed about any patient scheduled for femoro-popliteal
bypass for whatever reason and irrespective of the availability of saphenous vein.
In this way the surgeon should not “withdraw” patients pre-operatively on the
basis that he felt that the saphenous vein may be adequate. The trial agency then
informed the surgeon what prosthesis should be used for above-knee bypass. If, in
infragenicular bypass surgery, the vein was found to be unusable, randomization
was also undertaken. The randomisation for drug therapy was performed at the
same time. When inclusion in the BOA trial was closed because the target number
of patients was reached, inclusion of patients for participation in the DaDa-trial was
continued after approval of the medical ethic committee and the study designers.
Follow-up was also monitored by the trial agency, using the existing BOA trial
forms. Data analysis was performed by the study co-ordinator. The methodic
details of the study are described in the appropriate section of this thesis.
In 1996 the first patients were enrolled in the study and the trial was initiated.
The study is determined as a prospective randomized multicentered clinical trial
comparing the results of HUV and InterGard prostheses in infrainguinal bypass
surgery, conducted at the University Medical Center Nijmegen, The Netherlands.
The results of this trial and the findings of our laboratory studies are presented in
this thesis.
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Outline
Chapter two describes the development of an animal model to test thrombogenicity
of different synthetic graft materials, using in-vivo radioactive labelled thrombocytes.
Chapter three displays the results of data analysis of thrombogenicity testing of
HUV and Dacron material using the animal model. In chapter four the details of the
multicentre prospective randomized trial to compare Dacron and human umbilical
vein (‘Dardik’) grafts in infrainguinal bypass surgery (the DaDa-trial) are presented.
Chapter five concerns the frequently adopted habit of sparing the saphenous vein
for future use in femorodistal reconstruction or cardiac bypass surgery. In chapter
six a review of literature is presented in order to describe the stages in the process
of intimal hyperplasia and graft failure and to come out with suggestions as to how
bypass grafts can be modified to withstand intimal hyperplasia in each separate
stage of the process.
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I’ll need a bypass of anything I might feel
A big glass of pain killer
It might even seem like I’m here
But I won’t bother tellin’ my HMO
HEARTACHES by CLINT BLACK from the album DRINKIN’ SONGS & OTHER LOGIC, 2005
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Summary
Introduction
Prostetic graft patency greatly depends on graft thrombogenicity. The concept of
graft thrombogenicity is poorly understood and difficult to measure or quanticise.
In a study we have tested the experimental radiopharmaceutical DMP-444 (Dupont
Merck Pharmaceutical Company) and developed a suitable dog model. This agent
is a radiolabelled (99mTechnetium) platelet glycoprotein antagonist with a high
affinity for the glycoprotein IIb/IIIa receptor expressed only on activated platelets.
It binds to platelets that are intimately involved in thrombus formation. The agent
does not affect thrombocyte function, when used in a dose necessary for imaging.
DMP-444 has a short half-life of 6 hours and does not require platelet harvesting
and processing. Serial imaging of thrombocyte aggregation sites such as vascular
prostheses is possible with 24-hour intervals.
Material and methods
Adult Beagle dogs weighing approximately 12-15 kg were used for the experiments,
since DMP 444 has a high affinity for platelets of canine or primate origin only. In
16 dogs a patch was sewn onto the abdominal aorta (Bovine pericard: n=4, Dacron:
n=6, Biograft: n=6). Imaging cycles after injection of 99mTechnetium-labelled DMP
444 were performed on days 1, 7, 14 and 28 after surgery. On the 28th postoperative
day the animals were reanaesthetised and the vascular grafts were harvested and
analysed by light microscopy. Structural changes, such as intimal proliferation of
smooth muscle cells, were assessed by means of various quantitative uptake studies.
Results
We noticed differences in thrombogenicity of the used graft materials. The
bovine pericard patches (n=4) that were used showed a high rate of thrombocyte
aggregation. In the Dacron patches (n=6) aggregation was not seen. In 1 of 6 cases
of Biograft a measurable aggregation was recorded. The results of histological
analysis will become clear in short time.
Conclusion
Considering the contemporary methods used for quantification of platelet accumulation,
we believe the method outlined in this study is a relatively simple and reproducable
method to quanticise thrombocyte aggregation. We recently started a clinical study
using DMP444 to test thrombogenicity of prostetic femoropopliteal bypass grafts.
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Introduction
Thrombogenicity of vascular prostheses is traditionally assessed with scintigraphic
measurement of the accumulation of 111Indium-oxine labelled platelets. This
technique carries several disadvantages. It involves harvesting of autologous
platelets that undergo extensive processing before reinfusion in an activated
condition, which affects their biodistribution1 . In addition, the complexity of the
technique together with the relatively long radiopharmaceutical half-life precludes
serial observations2.
In this study we have tested the experimental radiopharmaceutical DMP-444 and
developed a suitable dog model. DMP-444 is a 99mTc-radiolabelled pentapeptide
with high affinity for the glycoprotein IIb/IIIa receptor (fibrinogen binding domain)
expressed on activated platelets. It binds to platelets that are intimately involved
in thrombus formation. The agent does not affect thrombocyte function, when
used in a dose necessary for imaging. Since DMP-444 is a ready to use agent it
does not require platelet harvesting and processing. Early imaging of thrombocyte
aggregation sites within 4 hours after injection of the agent is possible.
Material and Methods
Animals
Since DMP-444 has a high affinity for platelets of canine or primate origin only,
adult Beagle dogs (weight 12-15 kg) were used for the experiments,. General
anaesthesia was initiated with intravenous thiopenthal. The animals were
intubated and ventilated with a mechanical respirator. Anaesthesia was induced
by intravenous injection of pentothal and maintained by inhalation of a mixture of
oxygen, nitrous oxide and ethrane. A central intravenous catheter was placed in the
internal jugular vein and 500 mg cefazolin (Kefzol) was given once intravenously
before operation as infection prophylaxis. The studies were approved by the Animal
Welfare Committee of the University of Nijmegen. The procedures followed were
in accordance with institutional and international guidelines.
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Surgical procedure
Under sterile conditions a midline laparotomy was performed and the infrarenal
abdominal aorta was exposed. Following systemic heparinisation (100 U/kg)
atraumatic clamps were applied to the aorta and a 2 cm longitudinal arteriotomy
was made. A tapered prosthetic vascular graft of 2 cm length and 5 mm width
was inserted as a patch angioplasty using continuous 6-0 polypropylene sutures.
No haemostatic adjuvants were applied to the suture lines. After clamp removal
complete haemostasis was obtained with temporary gentle gauze compression and
the incision was closed in layers without the use of a wound drain. Postoperatively
no anticoagulant medication or platelet aggregation inhibitors were administered.
Grafts
The sterile graft materials were in composition identical to materials used in
clinical practice. Three different kinds of materials were used: denaturated bovine
pericardium derived graft (Easyflow®, Biovascular Inc., Saint-Paul, MN, USA)
[n=4], human umbilical cord vein derived graft (Dardik Biograft®, Biovascular Inc.)
[n=6] and heparin bonded collagen coated polyester (Intergard®, Intervascular
Inc., La Ciotat, France) [n=6].
Radiopharmaceutical
DMP444 is a synthetic cyclic pentapeptide [cyclo(D-Val-NmeArg-Gly-AspMamb)] with a tethered hydrazinonicotinyl (HYNIC) chelator for radiolabeling with
99m
Tc2. The peptide sequence Nme-Arg-Gly-Asp is the recognition sequence for
the GP IIb/IIIa receptor expressed on activated platelets. The IC50 of DMP444 for
the GP IIb/IIIa receptor is 11 nmol/l. With the peptide dose used for imaging, the
binding of DMP444 to the GP IIb/IIIa receptor does not interfere with the clotting
process or platelet function 3 , 4. Adding 1850 MBq 99mTc-pertechnetate to the
lyophilized kit (containing 20 μg of HYNIC-derivatized peptide and the co-ligands
triphenylphosphine trisulfonic acid and tricine) labeles the peptide with 99mTc5. The
mixture is heated for 15 min at 100 ˚C. A labelling efficiency of >95% is achieved
as checked by instant thin-layer chromatography, using silica-gel strips (ITLCSG®,
Gelman Sciences, Ann Arbor, MI, USA) with 0.15 mol/l citrate buffer (pH 5.5) as the
mobile phase.
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Imaging techniques
An imaging cycle after injection of 99mTc-labelled DMP444 (37 MBq per kg body
weight) was performed 24 hours after the surgical procedure, as well as 7, 14 and
28 days after surgery.
The dogs were sedated and placed in supine position under a single head gamma
camera equipped with a parallel hole high-resolution collimator (Siemens Orbiter®,
Siemens Inc., Hoffmann Estate, IL). The 99mTc-labeled DMP 444 was injected
via a peripheral vein. Static anterior images were recorded, immediately after
injection, as well as 15 min, 30 min. 1 hr., 2 hr., and 4 hr. after injection. The images
(1,000,000 counts per image minimum) were obtained and stored in a 256 x 256
matrix. All reproductions were acquired in both an anterior and a right anterior
oblique direction because of the interfering position of the spleen, which impedes
visualisation of the aortic patch site. An aliquot of the injected dose was measured
for reference purposes (further indicated as reference sample).
Results
In the 16 animals tested, three scans showed thrombocyte aggregation at the site
of the patch and ruled out significant thrombosis in the other animals. Fig. 1 shows
a normal distribution of DMP444 (mainly concentrating in liver, gallbladder and –
especially – spleen).

Liver ——>

Aorta ——>

<—— Spleen

Anterior

RAO 30º

Figure 1: Normal accumulation of DMP444
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Fig. 2 shows a clear depiction of the position of the aortic patch.The number of
thrombotic events in the different groups is depicted in Table 1.

——>
——>

Anterior

RAO 30º

Figure 2: Marked accumulation of DMP444 at the site of the aortic patch

Material								Number of		Number of		Percentage
										implants			thromboses
Denaturated bovine collagen		
Humal umbilical vein derived		
Polyester								
Table 1
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Discussion
In the study of the mechanisms of graft behaviour, platelets are a useful tool in
the investigation of thrombosis, atheroma and thrombogenicity of prosthetic
grafts6. It is therefore important to have a possibility of measuring and quantifying
thrombocyte aggregation as part of the investigational armamentarium. After the
introduction of 111Indium labelling techniques in 1976, imaging with 51Chromium
labeled thrombocytes became dated7,8. Both labelling techniques require laborious
in vitro processing and labelling of prior harvested thrombocytes. Recently,
attention has shifted to the development of in vivo techniques, allowing for
single-stage labelling of platelets using antibodies against platelet glycoproteins9.
Rather than using monoclonal antibodies to this purpose, Barrett et al. studied
the suitability of a labeled synthetic GP IIb/IIIa receptor antagonist2. This imaging
method does not have the distinct drawbacks of in vitro labelling techniques, in
which platelet isolation and subsequent labelling is laborious, time-consuming
and relatively difficult1 . As an even greater advantage, the use of agents with
short production times and short half-life values may result in more, quicker and
therefore possibly more accurate measurements. Especially studies investigating
events occurring over a specific period of time (e.g. postoperative graft failure)
might benefit from this advantage. In this model, the synthetic GP IIb/IIIa receptor
antagonist DMP444 was used for the experiments, leading to some clearly in vivo
positive images of thrombocyte aggregation inside graft materials.
The animal model was primarily conceived both to test the thrombogenicity of a
single graft material and to be able to compare thrombogenicity rates of several
distinct prosthetic graft materials. In the actual development of this model, various
sites for placement of the grafts were considered. The most convenient site for
grafting appeared to be the abdominal aorta. With a patch plasty of an arteriotomy
in the anterior abdominal aortic wall two important conditions for graft patency
were met: low impedance grafts were placed in a high flow system. The model was
tested with various prosthetic graft materials, leading to a clear visualisation of
platelet aggregation in specific cases.
Recently, other new peptide-based GP IIb/IIIa receptor-binding radiopharmaceuticals
have been developed and it is still unclear whether these have the same potential as
DMP44410. Another group of agents may be derived from the desintegrins in viper
venoms, these being peptides that contain an RGD sequence like DMP444 and
also capable of imaging clot in experimental deep vein thrombosis and pulmonary
emboli11 .
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The above study served several purposes. First, the animal model plays an
important part in a study comparing two prosthetic graft materials (polyester
grafts [Dacron®] versus human umbilical vein composite grafts [Dardik®]). The
clinical branch of this study is a prospective multicentered randomized clinical trial.
Second, because of its ease of use as a single stage imaging technique, the
possibility of implementation of the technique in a clinical environment is being
studied by the authors at the present time. This could result in a new diagnostic
tool for early detection of significant platelet aggregation, and thus might play an
important role in terms of graft surveillance.
Acknowledgements. The authors wish to thank Mr. T. Peters and Mr. T. Arts
(Central Animal Laboratory, University of Nijmegen, The Netherlands) for their
expert assistance in performing the surgical and imaging procedures.
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In life you always were quite numb
And foggier now, you soon succumb
In drab St. Barts on the new by-pass
Death overcomes by stealth
A SOLITARY LIFE by RICHARD THOMPSON from the album FRONT PARLOUR BALLADS, 2005
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Summary
Introduction.
Multiple factors contribute to the process of prosthetic graft failure. Some of them
are specifically related to the biologic behaviour of the used materials. In order
to persue the ideal substitute for the autologous vein graft, many materials have
been taken into consideration. Of these, polyester (Dacron) and human umbilical
vein (HUV, Dardik) bypass grafts have gained much attention in vascular surgical
practice over the years. This study compares the results of both in vivo and in vitro
investigations on graft thrombogenicity and neo-intimal formation in collagencoated heparin bonded Dacron and in HUV bypass grafts. It is an adjunct to our
clinical comparison of graft materials in infrainguinal arterial reconstruction.
Methods
In 12 adult Beagle dogs, a patch was sewn onto the abdominal aorta (Dacron: n=6,
HUV:n=6). At defined interval times, thrombocyte aggregation was measured with
nuclear imaging of 99mTechnetium labeled platelets. Post-mortem histological
analysis of the interface beteen the native vessel wall and the patch was performed
in all animals.
Results
At 4 hours (2.67, SD=0.77) and after two weeks (2.21, SD=0.28) after implantation,
significantly higher thrombogenicity was measured in the HUV grafts compared to
Dacron grafts (1.98, SD=0.10 and 1.98, SD=0.11, p=0.02 and 0.025, repectively).
At 4 weeks, no significant difference could be found (HUV: 2.26, SD=0.29; Dacron:
2.11, SD=0.16; p=0.23).
Measurement of ‘neo-intimal’ thickness after explantation of the patch at 28
days after the initial procedure showed a significant difference: in HUV grafts the
mean thickness of the inner lining was 0.76 mm (SD=0.50), compared to 0.16 mm
(SD=0.10) in the Dacron grafts (p=0.013).
Conclusion
HUV grafts showed a higher thrombogenicity at 4 hours and two weeks after
insertion of the graft compared to Dacron grafts. At 4 weeks this difference is
not present. After 28 days the inner (‘neo-intimal’) lining is significantly more
pronounced in HUV grafts than in Dacron grafts.
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Introduction
This study complements a clinical randomized study that compares patency of
graft materials in infrainguinal arterial reconstruction.
The development of the ‘ideal’ synthetic conduit has been a challenge in vascular
surgery throughout the years. Ample knowledge acquired on the process of
graft failure has resulted in a better understanding of coagulation sequences and
cellular changes leading to thrombosis and intimal hyperplasia, respectively. In
the early postoperative period graft failure is mainly due to technical errors and
high thrombogenicity of the graft surface, especially in the case of small diameter
prostheses. Synthetic conduits made from currently available materials are
suboptimal for use in small-caliber vascular reconstruction because of their high
surface thrombogenicity, which leads to failure. Recent addition of biocompatible
and medical substances is believed to improve patency figures. Much interest has
been directed to the concept of collagen coating and heparin bonding of polyester
prosthetic grafts as it may lower the chance of graft failure by means of diminishing
graft thrombogenicity.
Although much knowledge has been gained so far, the concept of graft
thrombogenicity is still not fully understood and difficult to measure. Recently,
we have developed an improved method to quantify graft thrombogenicity using
scintigraphic imaging with the Technetium-99m labeled glycoprotein IIb/IIIa
receptor antagonist pentapeptide DMP-444 which does not interfere with the
physiologic clotting process and platelet function1 . Using this procedure, we studied
the thrombogenic properties of several different graft materials in relation to their
respective biological properties in a canine model of arterial graft implantation.
Material and methods
Animals
The studies were approved by the Animal Welfare Committee of the University of
Nijmegen and the procedures followed were in accordance with institutional and
international guidelines. Twelve adult Beagle dogs (weight 12-15 kg) were used for
the experiments. General anaesthesia was initiated with intravenous thiopenthal.
The animals were intubated and ventilated with a mechanical respirator.
Anaesthesia was induced by intravenous injection of penthotal and maintained by
inhalation of a mixture of oxygen, nitrous oxide and ethrane. A central intravenous
catheter was placed in a peripheral vein and 500 mg cefazolin (Kefzol) was given
once intravenously before operation as infection prophylaxis.
Thrombogenicity and related biological properties of heparin bonded collagen coated polyester and human umbilical vein prosthetic vascular grafts
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Surgical procedure
Under sterile conditions a midline laparotomy was performed and the infrarenal
abdominal aorta was exposed. Following systemic heparinisation (100 U/kg),
atraumatic clamps were applied to the aorta and a 2 cm longitudinal arteriotomy
was made. A tapered prosthetic vascular graft of 2 cm length and 5 mm width
was inserted as a patch angioplasty using continuous 6-0 polypropylene sutures.
No haemostatic adjuvants were applied to the suture lines. After clamp removal
complete haemostasis was obtained with temporary gentle gauze compression and
the incision was closed in layers without the use of a wound drain. All procedures
were performed by the same surgical team.
Grafts
The grafts used for the experiments were heparin bonded collagen coated polyester
(Intergard®, Intervascular Inc. , La Ciotat, France) and human umbilical vein
(HUV) composite (Dardik Biograft®, Bio-Vascular Inc., Saint-Paul, MN, USA). The
Intergard®-prosthesis has a reverse locknit Dacron® construction and is coated with
heparin by the cationic agent tri-dodecil-methyl-ammonium-chloride (TDMAC) on
its inner surface and with type I collagen of bovine origin on its outer surface. The
Biograft® is a glutaraldehyde tanned human umbilical vein surrounded by a tightly
knitted Dacron® mesh. At present both grafts are used in clinical practice for infrainguinal bypass surgery. In six dogs, an Intergard® prosthesis was implanted, in
another six dogs the HUV graft was used. Randomisation was not performed.
Radiopharmaceutical
DMP444 is a synthetic cyclic pentapeptide [cyclo(D-Val-Nme-Arg-Gly-Asp-Mamb)]
with a tethered hydrazinonicotinyl (HYNIC) chelator for radiolabeling with 99mTc2.
The peptide sequence Nme-Arg-Gly-Asp is the recognition sequence for the GP IIb/
IIIa receptor expressed on activated platelets. The IC50 of DMP444 for the GP IIb/
IIIa receptor is 11 nmol/l. With the peptide dose used for imaging, the binding of
DMP444 to the GP IIb/IIIa receptor does not interfere with the clotting process or
platelet function 3,4. The peptide was labeled with 99mTc by adding 1850 MBq 99mTcpertechnetate to the lyophilized kit (containing 20 μg of HYNIC-derivatized peptide
and the co-ligands triphenylphosphine trisulfonic acid and tricine)5. The mixture was
heated for 15 min at 100 ˚C. A labelling efficiency of >95% was achieved as checked by
instant thin-layer chromatography, using silica-gel strips (ITLCSG, Gelman Sciences,
Ann Arbor, MI, USA) with 0.15 mol/l citrate buffer (pH 5.5) as the mobile phase.
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Imaging techniques
An imaging cycle after injection of 99mTechnetium-labelled DMP 444 (37 MBq per
kg body weight) was performed twenty-four hours and 7, 14 and 28 days after
surgery.
The dogs were sedated and placed in supine position under a single head gamma
camera equipped with a parallel hole high-resolution collimator (Siemens Orbiter,
Siemens Inc., Hoffmann Estate, IL). The Tc-99m-labelled DMP 444 was injected
via a peripheral vein. Static anterior, 45˚ right anterior oblique and 45˚ left anterior
oblique images were recorded immediately after injection as well as 15 min, 30 min.
1 hr., 2 hr., and 4 hr. after injection. Images (1,000,000 counts per image minimum)
were obtained and stored in a 256 x 256 matrix.
The scintigraphic results were quantitatively analysed by drawing regions of
interest (ROI) over the graft as a whole, and adjacent background regions. Graft
to-background-ratios were calculated.
Histological techniques
On the 28th postoperative day the animals were reanaesthetised and the vascular
grafts were harvested with 1 cm long segments of the adjacent proximal and distal
abdominal aorta. Thereafter, the animals were sacrificed. The explanted material
was fixed in 4% phosphate-buffered formaldehyde and embedded in paraffin. To
allow for comparison, 5-μm sections were cut after the tissue samples were divided
into two sections, to allow two different staining techniques: haematoxylineosine and elastic fibre staining according to Masson. Initially, transverse sections
were taken at positions specified in figure 1 - position A. As it is obvious that in
Dacron material, the corrugated surface precludes a single transverse thickness
measurement, standard sections were performed in a longitudinal fashion as
shown in figure 1 - position C.
Position A

Position B

Aorta
Patch

Position C

1/2 D

1/2 D

Figure 1: Positions of subsequent measurements of neo-intimal thickness
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Structural changes, such as thrombocyte aggregation and neo-intimal layer
thickness were investigated by light microscopy (figure 2, figure 2a). Thickness
measurements were conducted using Scion Image® image processing and analysis
software (Scion Corporation®, Frederick, Maryland, USA).

Figure 2: Sample showing positions of
measurement in Dacron inner lining
(please note corrugated structure)

Figure 2a: Sample as in figure 2 with
(torn) patch and ‘neo-intima’ highlighted

Statistical analysis
Statistical comparisons were made with the Mann-Whitney U test for paired
observations and Friedman’s analysis of variance. P-values < 0.05 were considered
significant. Calculations were performed using Winks® Kwikstat statistical
calculation software (TexaSoft®).
Results
Scintigraphy
With DMP 444 scanning collagen-coated heparin bonded dacron prosthetic
material showed no thrombosis in all of the six cases. Human umbilical vein (HUV)
derived material showed one positive DMP 444-scan of six cases (17%) [as seen in
fig. 2 in the previous chapter]. Quantitative analysis of DMP444 accumulation on
the graft resulted in a significant difference in mean target-to-background ratios for
dacron (1.98 [SD=0.10]) and umbilical vein derived grafts (2.21 [SD=0.28]) 4 hours
postoperatively (p=0.02). After two weeks, significantly higher uptake ratios were
observed in the umbilical vein grafts (2.67, SD=0.77) than in the dacron grafts (1.98,
SD=0.11, p=0,025). At 4 weeks, this difference had dissappeared (2.26 [SD=0.29]
vs. 2.11 [SD=0.16]) for the umbilical and dacron groups, respectively (p=0.23).
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Histology
In dacron-based prostheses, light microscopy showed a uniform thin layer of
‘pseudo-intima’ (figure 3, figure 3a) whereas the layer that had developed in the
HUV based material tended to be much thicker (figure 4, figure 4a).

Figure 3: Transverse section through a HUV
double layer patch (Masson staining technique)

Figure 3a: Same sample with double
layered patch outlined. T=thrombus.

Figure 4: Transverse section through a polyester
(single layer) patch (Masson staining technique)

Figure 4a: ‘Neo-intimal’ area shaded
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Table 1 lists the the exact thickness of this layer. The mean thickness of the lining
in the HUV-grafts was 0,76 mm (SD=0.50), and 0,16 mm (SD=0.10) in the heparinbonded grafts (p=0,013).
A rather extensive inflammatory reaction of the surrounding tissue to the external
layer of the prostheses was observed. It appeared to be far more pronounced in the
HUV specimens. The histological perceptibility of a thrombus adhering to the HUV
inner lining was documented in the above mentioned case.

Grafts 		Dog		Thickness of 			Perigraft		Thrombus
							 pseudo-intima		 reaction		 (At all scanning times)
							 (mm)
Intergard ® 3019
0,16 				 Slight			 			3020		0,12 				Slight							1002		0,13 				Slight							3011
0,06 				Slight							3017
0,35					Slight							3018
0,15					Slight			Biograft ®
918
1,11					 Marked		 				920
1,56					Marked		+
				648
0,66					Marked						916
0,29					Marked						Hb1
0,64					Marked
				1023
0,29					Slight			Table 1: Findings at explantation 28 days post-procedure
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Discussion
A clear understanding of graft thrombogenicity can only be gained by appreciating
the complex and dynamic biologic events occurring at the blood-graft interface.
On exposure to a high blood flow following implantation, the luminal surface of a
vascular prosthesis is immediately coated with a layer of serum proteins, mainly
fibrinogen. Rapid accumulation of coagulation proteins results in significant
graft-associated procoagulant activity6. Within minutes, platelets adhere to the
flow surface to a degree directly proportional to the concentration of adherent
fibrinogen7. Activation of these platelets occurs with release of various bioactive
substances, thus starting a process of further aggregation and activation of the
intrinsic coagulation system. If this process is limited, the graft will remain patent
and its surface will become lined with a thin layer mainly consisting of proteins and
fibrin: the pseudointima or neointima. However, if the cascade continues, further
deposition of cellular elements and fibrin causes graft thrombosis by luminal
obliteration. Apart from the intrinsic thrombogenicity of the applied graft material,
there are several other factors influencing this process, for instance the velocity and
nature of the blood flow (e.g., turbulent or laminar) and the individual thrombotic
potential of the recipient8,9. During the phase of thrombocyte activation, the GP IIb/
IIIa receptor is expressed on the thrombocyte surface membrane. Using DMP444,
thrombocyte activation at the inner surface of the implanted graft material can be
visualized.
Indium-111 labeled platelets have been used to examine the extent of the
thrombotic susceptibility10,11,12,13 ,14. Their application, however, is cumbersome and
not straightforward since this technique involves the removal of blood and labelling
of the platelet fraction in vitro by incubation with the radiopharmaceutical15. Apart
from a low sensitivity the technique implies other drawbacks, such as the risk
of potential contamination from the donor to the technologist performing the
labelling and the post-processing altered biodistribution of activated platelets.
Furthermore, the optimal imaging time point is approximately two or three days
after injection, which results in a delayed visualization diminishing the diagnostic
value. For these reasons, the use of 111Indium-labelled platelet scintigraphy has not
been widely used in clinical practice. Neumann and co-workers investigated its
feasibility for early detection of shunt thrombosis or for identifying patients at risk
for graft failure in haemodialysis vascular access and reached the same conclusion16.
For graft surveilliance purposes, a quick and easy method for investigating early
Thrombogenicity and related biological properties of heparin bonded collagen coated polyester and human umbilical vein prosthetic vascular grafts
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graft failure is desirable. The present study shows that early graft thrombosis
can be imaged easily and reliably using the 99mTc-labelled GP IIb/IIIa receptor
antagonist DMP444. Positive images were obtained very early after injection
of the radiopharmaceutical, while histological examination, that was originally
undertaken to examine neointimal changes, also ruled out false negative studies.
Despite cutting artifacts resulting from the processing of specimens containing
prostetic material, the structures of the inner layer continued to be amenable to
investigation.
In the present experiments, thrombotic events were rare, as was to be expected
in commercially available vascular graft material. The human umbilical cord vein
is processed with a proprietary glutaraldehyde fixation technique preserving an
intact vascular structure. In hemodialysis angioaccess studies HUV tended to be
more resistant to thrombus formation than its synthetic counterparts , such as
Dacron® or PTFE17. The polyester fiber–as used in the Intergard® prosthesis– itself
is thrombogenic. Both in vitro and animal studies have shown, that heparin bonding
of graft material significantly reduces fibrinogen consumption and hence may
reduce thrombogenicity18,19. Merely focussing on thrombus formation, a solitary
case as observed in a human umbilical vein derived graft cannot be the basis for
strong conclusions. However, shortly after the implantation of the grafts and
two weeks later, we noticed a significant higher DMP444 uptake in the umbilical
derived graft material, whereas at 4 weeks postoperatively, this difference had
dissappeared. Investigations concerning intimal lesions in coronary arteries by
dilatation angioplasty led to the same findings, concluding that after 28 days, no
more thrombotic events were to be expected and merely intimal hyperplasia was
seen20. However, our data imply that in the current canine model the inner surface
of the umbilical vein graft has a more important initial thrombogenicity in the first
4 weeks after implantation.
The long term success of small diameter vascular prostheses is limited by the
development of intimal hyperplasia21 . Regarding the pseudo-intimal lining,
Becquemin compared heparin bonded and non-heparin bonded polyester vascular
grafts in an animal model and found that the thickness of the internal capsule
appeared to be reduced in heparin bonded grafts, although statistical evidence
was lacking22. Since the HUV graft can be considered to be a musculocollagenous
tube, relatively nonantigenic and lined by a somewhat thromboresistant basement
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membrane, the physiologic healing cascade is likely to be subtle . On the other
hand, a more porous graft material is thought to be superior as this favours
ingrowth of an organized cellular, hypothrombogenic surface24 ,25. To bypass the
early thrombogenic phase prior to this ingrowth, heparin bonding was developed.
In the present study, a significant difference in pseudointima thickness was noted
between the two grafts. An explanation could be that heparin bonding actually
interferes in the coagulation chain which is initiated by thrombocytes on the first
contact of the knitting of the graft with blood.
Lambert26 and co-workers explained the perigraft inflammatory reaction after
implantation of collagen coated heparin bonded grafts by a host response
mechanism to either the collagen coating or to the quaternary ammonium salt
in which the grafts are submerged prior to the attachment of heparin. In this
series of experiments, the inflammatory reaction to the Intergard® prosthesis
was low, whereas it tended to be more pronounced in the Biograft® prosthesis.
Typical appearances in light microscopy are shown in figures 3 and 4. A possible
explanation may be that the human species derived material of the HUV prosthesis
brings about cellular immunoresponse.
23

In summary, in this study 99mTc-labelled DMP444 revealed significant differences
in graft-thrombogenicity. Differences in thickness of the pseudo-intimal layer and
perigraft reaction between collagen coated heparin bonded polyester prostheses
and human umbilical vein derived grafts were observed. The clinical implications of
these findings are subject of a comparative clinical study of which the data are now
becoming clear.
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Triple bypass, knocked on his ass
The doctor told him not to smoke
But late at night, he dims the light
Puffing through the tube
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Summary
Purpose
To compare long-term patency of Heparin-Bonded Dacron (HBD) and Human
Umbilical Vein (HUV) vascular prostheses in above-knee femoro-popliteal bypass
surgery.
Design
A prospective randomized multi-centre clinical trial.
Patients and methods: Femoro-popliteal bypasses were performed in 129 patients
between 1996 and 2001. After randomization 70 patients received a HUV and 59
a HBD prosthesis. Patients were followed up every three months during the first
postoperative year and yearly thereafter. The median follow-up was 60 months
(range 3 - 96 months). Graft occlusions were detected by duplex scanning,
angiography or surgical exploration.
Results
The cumulative primary patency rates were 79%, 66% and 58% at 1, 3 and 5 years
postoperatively. Primary patency rates for HUV were 74%, 64% and 58% at 1, 3
and 5 years and 84%, 68% and 58% for HBD, respectively (log-rank test, p = .745).
Overall secondary patency rates were 82%, 72% and 61% at 1, 3 and 5 years
postoperatively. The overall cumulative limb salvage at 5 years follow-up was 89%
(CI 80%-91%), and was not dependent on graft type. Smoking (p = 0.019), number of
patent crural arteries (p = 0.030) and previous cerebro-vascular accidents (p = 0.030)
were significant predictors of graft occlusion.
Conclusion
There is no reason to assume a difference in long-term graft performance between
HUV and HBD for the above knee infrainguinal bypass.
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Introduction
The choice of graft material for prosthetic femoro-popliteal bypass has been a
controversial matter over the past decades. Many trials have been conducted to
investigate and compare graft adequacy for this procedure1 . Despite the increasing
evidence results are still inconclusive2. Therefore, the choice of graft is often left to
the surgeon’s preference3.
Presently, four grafts are available for femoro-popliteal bypass: the autologous
saphenous vein, polytetrafluoroethylene (PTFE), double velour polyester
(Dacron) and Human Umbilical Vein (HUV)4. The saphenous vein is considered
the gold standard bypass whether the distal anastomosis is either above (AK) or
below the knee (BK)5. Prosthetic grafts are used routinely in the absence of the
saphenous vein and are feasible for AK distal anastomosis6. Some argue that
patency rates for prosthetic grafts and saphenous vein are equivalent in AK bypass
for patients treated by anticoagulant drugs. However, the general assumption is
that saphenous vein bypass has a lower risk of graft failure7. No explicit consensus
exists on superiority of one particular prosthetic graft. HUV is considered the most
satisfactory and provides the best long-term patency rates8,9. However, previous
reports provide evidence that a prosthetic graft covered with an antithrombotic
farmacon, may be the preferred graft for AK bypass 10,11 .
The aim of the present study was to compare long-term patency rates between
Human Umbilical Vein and Heparin-bonded Dacron (HBD) prosthesis in femoropopliteal bypass.
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Patients and Methods
Study design
A randomized, prospective, multi-center clinical trial was performed comparing
heparin-bonded collagen coated polyester (Dacron, Intergard, Intervascular,
Inc., La Ciotat, France) and human umbilical vein (Dardik, Biograft, Bio-Vascular,
Inc., Saint-Paul, MN) for femoro-popliteal bypass. Femoro-popliteal bypass was
defined as the insertion of a bypass graft with the proximal anastomosis above
the adductor canal to the common-, profunda- or superficial femoral artery and
distal to the popliteal artery AK or BK.The standards for reporting lower extremity
ischemia12 were implemented in this study. Critical limb ischemia was defined as
ischemic rest pain and/or tissue loss combined with an ankle pressure < 60 mmHg
with flat or barely palpable pulsations at the ankle or metatarsals.
Sample size
This trial originally was designed to compare short-term patency between both
grafts. The initial power analysis required a study population of 200 patients
to determine a significant difference in patency of >10% at two years follow-up.
Unfortunately, the inclusion period provided only 129 patients, which proved
insufficient for short-term analysis. In order to determine whether a five years
follow-up evaluation would be adequate, a second power analysis based on the
observed 1-year event rates of 0.24 and 0.14 in both groups was performed. In
order to demonstrate a 20% patency difference at 5 years with a power of 80% two
groups each with 66 patients are required.
Patients
A femoro-popliteal bypass was performed in 129 patients between 1996 and
2001. Seventy patients were randomized for HUV while 59 patients received
HBD prosthesis, even if the saphenous vein was adequate. Preoperative workup
included detailed evaluation of patient history, cardiovascular risk factors, physical
examinations, standard treadmill walking tests and calibrated angiography of the
affected extremity.
Male and female patients, aged 31-89, with disabling intermittent claudication and
an ankle/brachial index (ABI) below 0.8 at rest were included in the present study.
All patients received elective femoro-popliteal reconstruction for either occlusive
arterial disease or aneurysms of the superficial femoral- or popliteal artery.
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Patients younger than 30 - or older than 90 years of age or patients with an ABI higher
than 0.8 at rest were excluded. Other exclusion criteria were: emergency surgery
for trauma, acute thrombosis or embolism of the popliteal artery, the diagnosis
or treatment for malignancy within 12 months, hospital in-patient treatment
for cardiac failure in the previous six months, the absence of the possibility for
adequate follow-up or contraindications for anticoagulant drug therapy.
The trial patients also participated in the Dutch BOA-trial13 , comparing the
effect of coumarin derivates and acetylsalysilic acid after infra-inguinal bypass
surgery. Cooperation was established with the BOA-trial investigators to simplify
randomization and data collection for mutual benefit of both studies. The present
study was approved by the local Institutional Review Board and fully informed
consent, given in writing, was obtained from all patients.
The Grafts
The Dacron prosthesis consists of double velour polyester with a reversed locknit
construction. The graft is coated with heparin on its inner surface and type I
collagen on the outer surface. The Human Umbilical Vein is glutaraldehyde tanned
and surrounded by a tightly knitted Dacron mesh.
Currently, both prosthesis are used for femoro-popliteal bypass14. The HUV
graft may only be used in accordance to renewed European Union guidelines.
These demand a confirmed exclusion of HIV contamination of the original human
umbilical blood (EC Treaty, article 250, Brussels, 2003).
Randomization and Follow-up
Randomization was controlled by the BOA-trial agency using a dedicated computer
program. The graft type for femoro-popliteal reconstruction was determined at
least 24 hours prior to surgery. All patients were treated with heparin perioperatively.
Postoperatively, patients were randomized for life-long treatment by either
acetylsalysilic acid (Aspirin) 80 mg 1dd1 or coumarin derivates (Sintrom) [target
INR ratio 3.0-4.5], in accordance to local treatment protocols. Patient follow-up
visits were at 3 monthly intervals during the first postoperative year and yearly
thereafter.
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Endpoints and patency evaluation
Graft patency was determined at follow-up visits, assessed at yearly intervals
and stratified by graft material. Palpable graft pulsations combined with definite
distal pulses were considered evidence for an open lumen. Graft occlusions were
detected by angiography, duplex scanning or operative exploration. Patency was
categorized as follows:
- Primary patency; the time from implantation of the graft to primary occlusion
without adjunctive measures, marking the primary endpoint.
- Primary assisted patency; the time from implantation to primary graft occlusion
achieved by adjunctive measures to maintain graft patency.
- Secondary patency; the time after restoring patency by an intervention such
as thrombectomy, thrombolysis or percutaneous transluminal angioplasty.
The secondary endpoint was marked by final graft occlusion, graft removal or
amputation of a limb.
Statistical analysis
The trial was conducted on an ‘intention to treat’ basis. Once entered a patient
was not withdrawn or excluded from this analysis. Graft patency, limb salvage and
mortality were assessed by the Kaplan-Meier survival model. The difference in
patency between both grafts was analyzed statistically by the log rank test. The
influence of various risk factors on patency was examined by the Cox regression
analyses.
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Results
Patient cohorts
Patient enrollment and allocation is outlined in Fig. 1. Eight patients received an
autologous saphenous vein bypass and consequently were excluded from analysis.

Assessed for eligibility
(n=137)
Enrollment

Excluded (n=8)
Not meeting inclusion criteria (n=8)
Refused to participate (n=0)
Other reasons (n=0)

Allocation

Allocated to HBD (n=59)
Received allocated
intervention (n=59)
Did not recieve allocated
intervention (n=0)

Lost on follow-up (n=5)
- incomplete follow-up
Distorted intervention (n=42)
- occlusion: 28
- death: 9
- graft removeal: 5

Follow-up

Lost on follow-up (n=7)
- incomplete follow-up
Distorted intervention (n=31)
- occlusion: 22
- death: 4
- graft removeal: 5

Analyzed (n=70)
Excluded from analysis (n=0)

Analysis

Analyzed (n=59)
Excluded from analysis (n=0)

Allocated to HUV (n=70)
Received allocated
intervention (n=70)
Did not recieve allocated
intervention (n=0)

Figure 1. Study flow-chart

The risk factors in HUV and HBD groups were similar (Table 1). The common
femoral artery was used for proximal anastomosis in 126 procedures (98%). The
distal anastomosis was AK popliteal in 122 cases (95%), BK popliteal in 4 (3%) and
to the tibioperoneal trunk in 3 (2%) patients. Postoperatively, median AB-indices
increased from 0.56 (0.16-0.80) to 0.9 (0.22-1.1) for HUV and from 0.60 (0.19-0.80)
to 1.0 (0.27-1.3) for HBD. Median postoperative Rutherford classifications were 0
(0-6) for HUV and 0 (0-5) for HBD. Postoperative anti-coagulant drug treatment
was equally distributed between both groups. Coumarin derivates were prescribed
to 68 patients (53%); HUV 36 and HBD 32. Sixty-one patients (47%) were treated
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with acetylsalysilic acid; HUV 34 and HBD 27. Median hospital stay was 10 days
(4-109) for HUV and 11.5 (6-30) for HBD grafts. Twelve patients (9%) were lost to
follow-up. Median followup was 60 months (range 3-96 months).
Parameter										HUV					HBD
n 													70						59
Age (y), median (range)							 65 (41 – 88) 			 65 (36 – 84)
Gender (%)
Male											 52 (74%)				 35 (59%)
Co-morbidity (%)
DM											 23 (33%)				 21 (36%)
Smoking										 47 (67%)				 43 (73%)
Hyperlipedemia								 21 (30%)				 26 (44%)
Angina / MI									 20 (29%)				 16 (27%)
CVA											 12 (17%)				 4 (7%)
Hypertension								 34 (49%)				 29 (49%)
Hyperhomocysteinemia					 2 (3%) 					 2 (3%)
Rutherford classification, median (range)		 3 (1-6)					 3 (2-5)
Critical limb ischemia (%)						 27 (39%)				 18 (30%)
Tissue loss (%)									 12 (17%)				 9 (15%)
ABI preoperative, median (range)				 0.56 (0.16 – 0.80) 0.60 (0.19 – 0.80)
Number of patent crural arteries, mean		2						2
Supragenicular bypass (%)						 65 (93%)				 57 (97%)
Days hospital stay, median (range)			 10 (4-109)				 11.5 (6-30)
DM: Diabetes Mellitus, MI: Myocardial Infarction, CVA: Cerebro Vascular Accident
Table 1. Patient demography

Morbidity and Mortality
Thirteen patients (10%) died during follow-up, 9 (13%) in the HUV group and 4 (7%)
in the HBD group. Grafts were patent to the time of death in 12 of these patients
(HUV 8, HBD 4). Two patients died within 30 days after the operation, accounting
for 2% operative mortality. Cumulative survival was 92%, 90% and 87% at 1, 3 and 5
years follow-up. A total of 43 complications was reported in 40 patients (31%) with
18 (26%) in the HUV group and 25 (42%) for HBD. Complications were postoperative
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bleeding (3%), graft infection (3%), cardiac events (4%) and wound morbidity (18%).
The incidence of graft infection did not differ between groups. Re-operation was
required in 7 patients (10%) in the HUV- and 5 patients (8%) in the HBD group.
Graft performance
Overall primary patency rates were 79%, 66% and 58% at 1, 3 and 5 years
postoperatively. Primary patency rates for HUV were 74%, 64% and 58% at 1, 3 and
5 years and 84%, 68% and 58% for HBD, respectively (log-rank test, p = 0.745) (Fig.
2 and Table 2).
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Time (months)						 HUV (n=70)						 HBD (n=59)
0										67									56
12										46									45
24										41									41
36										36									35
48										34									25
60										22									16
Table 2. Number of patients (n=129) at risk in Kaplan-Meier analysis of figure 2.
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Primary patency rates at 5 years in the HUV group were 55% for patients on
acetylsalysilic acid and 48% for patients on coumarin medication (log-rank test
p = 0.406). In the HBD group these rates were 47% and 62%, respectively (logrank test p = 0.362). An overall analysis of all four subgroups showed no differences
(log-rank test p = 0.428).
PTA was performed in 3 patients to prevent primary graft occlusion. Therefore,
primary assisted patency rates were almost identical to the primary patency rates.
We were able to restore patency in 32 of the 50 primary graft occlusions (52%), 18
for HUV and 14 for HBD. Long-term (5 yr) patency was achieved in only 9 patients.
Surgical thrombectomy was required in 21 patients (16%) and resulted in long-term
patency for 6 patients. Eleven patients (9%) underwent thrombolysis, successfully
maintaining graft patency in 3 cases. The graft was replaced in 10 patients (8%),
who were excluded from further analyses. Eight patients (6%) received conservative
treatment. Overall secondary patency rates were 82%, 72% and 61% at 1, 3 and 5
years postoperatively. Secondary patency rates were 78%, 71% and 60% for HUV
grafts and 85% and 73% and 61% for HBD grafts at 1, 3 and 5 years respectively
(log-rank test, p = 0.602).
Limb salvage
Major amputation was required in 11 patients (9%). Six amputations were performed
after HUV bypass (9%) and 5 after HBD implantation (8%). Preoperative median
Rutherford classification for limb losing patients was 4 (range 3-5), indicating
critical ischemia. No amputations were performed in patients with intermittent
claudication. Six amputations (5%) were performed as a secondary intervention
after primary graft occlusion. Overall cumulative limb salvage at 5 years follow-up
was 89%. Limb salvage for HUV was 87% and 90% for HBD.
Risk factors
Cardiovascular risk factors were assessed during patient work-up and included:
diabetes mellitus, smoking history, hyperlipedemia, angina pectoris, myocardial
infarction, cerebro-vascular accidents, hypertension and hyperhomocysteinemia.
The influence on graft occlusion of critical limb ischemia, choice of anticoagulant
drug treatment, graft material, gender, age and the number of patent crural arteries
were also assessed. The mean number of patent crural arteries was 1.6 for patients
who suffered graft occlusion and 2.3 for patients with a patent graft at 5 years
follow-up. Cox regression modeling of these potentially important co-variables
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determined smoking (p = 0.019), the number of patent crural arteries (p = 0.030)
and previous cerebro-vascular accidents (p = 0.030) as significant predictors of graft
occlusion. Graft material was a non-significant predictor (p = 0.293).
Discussion
In the early 1970s, the use of polyester fibre (Dacron) as prosthetic bypass graft
material for infrainguinal arterial reconstructions was abandoned since autologous
vein bypass grafting achieved better results7. Superior saphenous vein patency
rates were attributed to the fact that any prosthetic graft surface has a higher
grade of thrombogenicity than graft material with a genuine endothelial lining.
Prosthetic grafts other than polyester mainly consisted of polytetrafluoroethylene
(PTFE) or human umbilical vein graft material (HUV). Other factors that have been
identified to influence the outcome of bypass grafting are distal anastomotic level,
diabetic disease, the continuation of tobacco use and the dimension of distal runoff 15 ,16. Carefully randomized controlled trials showing the benefit of the use of
antithrombotic medication later redirected interest towards the use of polyester
bypass grafts. In the mean time, modifications of the prosthetic fabric and thus,
the graft surface, were made in order to reduce thrombogenicity12,17,18.
An obvious approach to the development of a vascular prosthesis is composing
a graft that closely resembles a natural blood vessel in both composition and
mechanical characteristics19. In the absence of a suitable autologous vein graft, the
concept of human umbilical vein (HUV) grafts serves as an alternative to a conduit
with a genuine intimal composition. It consisted of glutaraldehyde stabilized
human umbilical vein in its original form. Presumably because of mechanical
fatigue through the lack of stability of collagen cross-links, it was prone to longterm degradation, dilation, and frank aneurysm formation. To account for this
possible disadvantage, a polyester mesh cover was introduced, which unfortunately
decreased handling quality. The concerns regarding biodegradation and aneurysm
formation were never truly scientifically founded20.
When implanted, the luminal surface of a prosthetic graft is, on exposure to a high
blood flow, immediately coated with a layer of coagulation proteins, mainly consisting
of fibrin. Heparin coverage of the graft surface may aid in disrupting the coagulation
cascade and therefore reduce the intrinsic thrombogenicity of the graft13.
After formation, the fibrin layer becomes organized by ingrowth of myofibroblasts
arising from the bloodstream and most importantly, from ingrowth through the
interstices of the graft wall. This ‘pseudointimal’ layer is of utmost importance,
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because its thickness influences luminal diameter and thus, the passage of blood.
This is a particular issue for small diameter conduits on distal and therefore smaller
vessels21,22. It was thought, that the process of formation and amount of a ‘neointima’
could be influenced by changing the internal surface of the graft material through
the use of graft flow-surface modifications and treatment with antithrombotic
or antiproliferative agents. The choice of heparin as a supplement to the graft is
based on the rationale that it prevents thrombosis via inhibition of thrombin and
activated clotting factors IX, X, XI and XII, and it reduces intimal hyperplasia by
its antiproliferative activity on smooth muscle cells23. Its ability to reduce intimal
hyperplasia has been investigated both in animal studies and in clinical practice24 ,25.
Therefore, heparin has been incorporated into a wide range of medical devices
from hemodialysis filters to vascular stents and grafts. As heparin has a strong
anionic character, ionic bonding is achieved on surfaces pre-treated with cationic
substances. A general disadvantage of this method, however, is the rapid release
of heparin upon exposure to blood or plasma. This may be overcome by the copolymerization of surfaces with substances carrying a positive charge. Quaternary
ammonium salts with hydrophobic tails, such as tridodecylmethylammonium
chloride (TDMAC), have found wide application for this role. In the manufacture
of the heparin-bound graft used in this study the heparin is bound to the luminal
surface of the graft as a complex with TDMAC8.
Johnson and co-workers3 performed a large, prospective randomized trial reporting
73%, 53% and 39% patency rates for saphenous vein, HUV and PTFE at five years
follow-up, respectively. Possibly, a higher rate of early bypass graft thromboses
and major amputations within the first 30 days in the HUV group (12.3% for HUV vs.
6.1% for PTFE) combined with the higher technical requirements and costs explain
the choice for PTFE by many surgeons at the time. Multiple studies confirmed a
superior long-term patency rate for saphenous vein over HUV and for HUV over
PTFE8,9 ,26,27. Additionally, Post and co-workers suggested that PTFE and Dacron
are equally suitable for femoro-popliteal bypass28, whereas Jensen and co-workers
stated that Dacron might even be superior to PTFE29. Devine and co-workers found
significantly better patency rates for HBD (59%) compared to PTFE (49%) at three
years follow-up. This trial also suggests a higher incidence of limb amputation in
the PTFE group at five years follow-up10 (Devine, 2004).
Primary and secondary patency rates of femoro-popliteal bypasses did not differ
between HUV and HBD in this study. The observed patency rates compared
favourably with other studies. Systematic reviews of category A and B randomized
CHAPTER 4

61
trials report no evidence for the preferred use of Dacron, PTFE, or HUV grafts in the
femoropoliteal area4. In some studies, different patency rates exist between HUV
and PTFE in relation to the time after surgery: Johnson and Lee8 state that there is a
small advantage for PTFE in the short interval compared to HUV grafts. This study
could not indicate a difference in secondary patency rates at 1, 3 or 5 years follow-up.
Most of the patients in this study also participated in the Dutch BOA trial
investigating the effect of postoperative anticoagulant medical treatment on
bypass graft patency, which might be a possible source of bias. Tangelder and coworkers12 concluded that acetylsalysilic acid significantly reduced non-venous graft
occlusion, although the statistical difference was small. Participation in the BOAtrial did not interfere with the present study because patients were randomized to
either coumarin derivates or acetylsalysilic acid. Thus, the benefit of acetylsalysilic
acid was equalized for both groups. Moreover, our analyses did not reveal an
influence of anticoagulant medication on primary graft patency.
Our results suggest that HBD is a worthy alternative for HUV in femoro-popliteal
bypass surgery. There is no reason to assume that a significant difference in primary
or secondary patency exists between both grafts. HUV grafts did not suffer from
higher early failure rates than HBD.
Femoro-popliteal bypass surgery cannot be performed with one single, suitable
graft in every situation. The choice of an arterial substitute depends upon many
factors30. Superficial femoral artery disease thus presents a complex challenge for
therapy while at the same time, the surgical armamentarium is rapidly expanding31 .
Sophisticated treatment options, including endovascular techniques, are still
being refined but until endovascular techniques have been subjected to rigorous
comparison with conventional bypass surgery, bypass surgery will continue to have
an important role in vascular surgery.
Acknowledgements
Trial Participants:
Nijmegen, Radboud UMC: J.A. van der Vliet, MD, A.P.M. Boll, MD
Nijmegen, Canisius Wilhelmina Hospital: W.B. Barendregt, MD,
L.A.A. van Knippenberg, MD
Tilburg, Tweesteden Hospital: S.E. Kranendonk, MD, S.J. Brenninkmeijer, MD
Veldhoven, Maxima Medical Center: M.H.M. Bender, MD
Den Bosch, Jeroen Bosch Hospital: J. Wever, MD
Human umbilical vein versus heparin-bonded polyester for femoro-popliteal bypass: 5-year results of a prospective randomized multicenter trial

REFERENCES
62

1
2
3

4
5
6
7
8

9
10

11

12
13

14

15
16
17
18

 erglund J, Bjorck M and Elfstrom J. Long-term results of above knee femoro-popliteal bypass
B
depend on indication for surgery and graft-material. Eur.J.Vasc.Endovasc.Surg. 2005;29:412-18.
Gisbertz SS, Hissink, RJ, de Vries JP, et al. Future perspectives in the treatment of femoropopliteal arterial occlusions. J.Cardiovasc.Surg.(Torino). 2005;46:371-84.
Johnson WC, Lee KK. A comparative evaluation of polytetrafluoroethylene, umbilical vein, and
saphenous vein bypass grafts for femoral-popliteal above-knee revascularization: a prospective
randomized Department of Veterans Affairs cooperative study. J Vasc Surg. 2000;32(2):268-77.
Mamode N, Scott RN. Graft type for femoro-popliteal bypass surgery. Cochrane Database of
Systematic Reviews. 1999, Issue 2. Art. No.: CD001487. DOI: 10.1002/14651858.CD001487.
Klinkert P, Post PN, Breslau PJ, et al. Saphenous vein versus PTFE for above-knee femoropopliteal
bypass. A review of the literature. Eur.J.Vasc.Endovasc.Surg. 2004;27:357-62.
Dormandy JA and RB Rutherford. Management of peripheral arterial disease (PAD). TASC
Working Group. TransAtlantic Inter-Society Consensus (TASC). J.Vasc.Surg. 2000;31(2):S1-S296.
Devine C, Hons B, McCollum C. Heparin-bonded Dacron or polytetrafluoroethylene for
femoropolpiteal bypass grafting: a multicenter trial. J Vasc Surg. 2001;33(3):533-9.
Aalders GJ, van Vroonhoven TJ. Polytetrafluoroethylene versus human umbilical vein in
above-knee femoropopliteal bypass: six-year results of a randomized clinical trial. J Vasc Surg.
1992;16(6):816-23.
Parker HJ, Fell G, Devine TJ, et al. Femoropopliteal bypass using autogenous vein and modified
human umbilical vein. A comparative study. J Cardiovasc Surg (Torino). 1988;29(6):727-32.
Devine, C. and C. McCollum. Heparin-bonded Dacron or polytetrafluorethylene for
femoropopliteal bypass: five-year results of a prospective randomized multicenter clinical trial.
J.Vasc.Surg. 2004;40.5: 924-31.
Abbott WM, Green RM, Matsumoto T, et al. Prosthetic above-knee femoropopliteal bypass
grafting: results of a multicenter randomized prospective trial. Above-Knee Femoropopliteal
Study Group. J.Vasc.Surg. 1997;25.1:19-28.
Rutherford RB, Baker JD, Ernst C, et al. Recommended standards for reports dealing with lower
extremity ischemia: revised version. J.Vasc.Surg. 1997;26.3:517-38.
Tangelder MJ, Algra A, Lawson JA, et. al. Efficacy of oral anticoagulants compared with aspirin
after infrainguinal bypass surgery (The Dutch Bypass Oral Anticoagulants or Aspirin Study): a
randomised trial. Lancet. 2000;29:355(9201):346-51.
Scharn DM, Oyen WJ, Klemm PL, et al. Thrombogenicity and related biological properties of
heparin bonded collagen coated polyester and human umbilical vein prosthetic vascular grafts. J
Surg Res. 2006 Aug;134(2):182-9.
Budd JS, Brennan J, Beard JD, et al. Infraninguinal bypass surgery: factors determining late graft
patency. Br J Surg. 1990;77(12):1382-7.
Rutherford RB, Jones DN, Bergentz S, et al. Factors affecting the patency of infrainguinal bypass.
J Vasc Surg. 1988;8(3):236-46.
Dorffler-Melly J, Buller HR, Koopman MM, et al. Antithrombotic agents for preventing thrombosis
after infrainguinal arterial bypass surgery. Cochrane Database Syst Rev. 2003;(4):CD000536.
Lambert AW, Fox AD, Williams DJ, et al. Experience with heparin-bonded collagen-coated grafts
for infrainguinal bypass. Cardiovasc Surg. 1999;7(5):491-4.

CHAPTER 4

19
20

21
22
23

24
25
26
27

28

29
30
31

 aflamme K, Roberge CJ, Labonté J, et al. Tissue-Engineered Human Vascular Media With a
L
Functional Endothelin System. Circulation. 2005;111:459-464.
Dardik H, Wengerter K, Feng Q, et al. Comparative decades of experience with glutaraldehydetanned human umbilical cord vein graft for lower limb revascularization: An analysis of 1275
cases. J Vasc Surg. 2002;35(1):64-71.
Nakamura M, Sawada T. Numerical study on the flow of a non-Newtonian fluid through an
axisymmetric stenosis. J Biomech Eng. 1988;110(2):137-43.
Sumner DS. The hemodynamics and pathofysiology of arterial disease. Chapter in: Vascular
Surgery, Edited by Rutherford, RB, W.B. Saunders Company, Philadelphia-London-Toronto.
Guyton JR, Rosenberg RD, Clowes AW, et al. Inhibition of rat arterial smooth muscle cell
proliferation by heparin. In vivo studies with anticoagulant and nonanticoagulant heparin. Circ.
Res. 1980;46:625.
Lin PH, Chronos NA, Marijianowski MM, et al. Heparin-coated balloon-expandable stent reduces
intimal hyperplasia in the iliac artery in baboons. J Vasc Interv Radiol. 2003;14:603.
Serruys PW, Emanuelsson H, van der Giessen W, et al. Heparin-coated Palmaz–Schatz stents in
human coronary arteries. Early outcome of the Benestent-II Pilot Study. Circulation. 1996;93:412.
McCollum C, Kenchington G, Alexander C, et al. PTFE or HUV for femoro-popliteal bypass: a
multi-centre trial. Eur J Vasc Surg. 1991;5(4):435-43.
Klinkert P, Schepers A, Burger DH, et al. Vein versus polytetrafluoroethylene in above-knee
femoropopliteal bypass grafting: five-year results of a randomized controlled trial. J Vasc Surg.
2003;37(1):149-55.
Post S, Kraus T, Muller-Reinartz U, et al. Dacron vs. polytetrafluoroethylene grafts for
femoropopliteal bypass: a prospective randomised multicentre trial. Eur J Vasc Endovasc Surg.
2001;22(3):226-31.
Jensen LP, Lepantalo M, Fossdal JE, et al. Dacron or PTFE for Above-knee Femoropopliteal
Bypass. A Multicenter Randomised Study. Eur J Vasc Endovasc Surg. 2007. [Epub ahead of print].
Online Surgical Dictionary – Vascular protheses. URL: http://onlinesurgicaldictionary.com/.
Das T. Optimal therapeutic approaches to femoropopliteal artery intervention. Catheter

Cardiovasc Interv. 2004;63(1):21-30.

Human umbilical vein versus heparin-bonded polyester for femoro-popliteal bypass: 5-year results of a prospective randomized multicenter trial

63

CHAP TER 5
PRESERVATION OF THE
OUS
AUTOLOGOUS SAPHEN
IS
VEIN FOR FUTURE USE
ROINEXPEDIENT IN FEMO
RGERY
POPLITEAL BYPASS SU
VAN DER VLIET JA
, BL ANKENS TEI JN JD,
DIR VEN M, SCH ARN DM
:420-3
SURG. 2008 OCT;36(4)
EUR J VASC ENDOVASC

Please bypass this heart
Until I’m well again
Let’s not even start to fall where we fell again
The cheating was sweet but my heart is
PLEASE BYPASS THIS HEART by JIMMY BUFFET from the album LAST MANGO IN PARIS, 1985
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Summary
Purpose
To investigate the usefulness of greater saphenous vein preservation for future
vascular reconstructions during femoro-popliteal bypass surgery.
Design
Post-hoc analysis of data acquired in a randomized multi-centre clinical trial
comparing two different vascular prostheses (ClinicalTrials.gov ID: NCT 00523263).
Patients and methods
The true frequency of ipsilateral saphenous vein use in subsequent femoropopliteal and coronary bypass surgery was investigated through case-record
analysis with a median follow-up of 60 months in 100 consecutive patients, that
received a prosthetic femoro-popliteal bypass between 1996 and 2001.
Results
An ipsilateral secondary femoro-popliteal bypass was performed in 11 patients
(11%) at a mean interval of 34 months (range 1e96). The ipsilateral saphenous
vein was applied for these procedures in 8 cases (8%). The cumulative probability
of receiving a subsequent bypass was 8% at 3 years and 10% at 5 years follow-up
respectively. One patient (1%) underwent CABG at 8 years follow-up with the use
of ipsilateral lower leg saphenous vein segments only.
Conclusion
Preservation of the greater saphenous vein in supragenicular femoro-popliteal
bypass surgery is not a valid argument for application of prosthetic material.
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Introduction
The greater saphenous vein (SV) is considered the gold standard in graft material
for femoro-popliteal bypass surgery with the distal anastomosis above and below
the knee1 . The genuine endothelial lining and autologous nature of the graft
reduce thrombogenicity and postoperative morbidity, such as graft occlusion and
infection2. The superiority of the SV for bypass surgery below the knee has not
been subject of controversy. Prosthetic grafts such as polytetraﬂuoroethylene,
knitted polyester (Dacron) and human umbilical vein are mainly recommended for
bypasses with the distal anastomosis above the knee3. Generally, synthetic material
is applied only when the SV is inadequate, absent or meant to be preserved for
future coronary or more distal reconstructive arterial surgery and when alternative
endovascular options or procedures such as endarterectomy of the superﬁcial
femoral artery are not feasible4,5,6,7.
The SV is easily harvested and a common autogenous source for coronary artery
bypass grafting (CABG) and patch closure following carotid endarterectomy8,9,10.
Also, the vein is often addressed for a secondary femoropopliteal bypass when
a prosthetic graft fails6. This may constitute a reason to preserve the SV during
femoro-popliteal bypass surgery for future use. However, no explicit evidence
supports the appropriateness of this regimen.
The aim of the present study was to investigate the extent of future ipsilateral SV
use in patients with a prosthetic femoro-popliteal bypass.
Patients and Methods
The study population consisted of the ﬁrst 100 consecutive patients with a completed
follow-up, who received a femoro-popliteal bypass for chronic lower extremity
ischaemia in a prospective randomized controlled clinical trial (ClinicalTrials.gov
ID: NCT00523263) comparing two different vascular graft prosthetic materials
between 1996 and 200111 . A case-record analysis was carried out to determine the
true frequency of ipsilateral SV use for subsequent femoro-popliteal or coronary
bypass surgery.
Femoro-popliteal bypass was deﬁned as the insertion of a bypass graft with the
proximal anastomosis above the adductor canal to the common-, profunda- or
superﬁcial femoral artery and distal to the popliteal artery above or below the knee.
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All patients received a prosthetic bypass irrespective of SV presence or adequacy
with either human umbilical vein (Dardik, Biograft, Bio-Vascular, Inc., Saint-Paul,
MN) (n = 53) or heparin-bonded collagen coated polyester (Dacron, Intergard,
Intervascular, Inc., La Ciotat, France) (n = 47).
Inclusion criteria for male and female patients were: age 31-89, chronic lower
extremity ischaemia and an ankle-brachial index below 0.8 at rest. Exclusion criteria
were: non-elective surgery, life expectancy below 2 years and contra-indicatios for
anticoagulant therapy. The standards for reporting lower extremity ischemia were
implemented in this study12. Critical limb ischemia was deﬁned as ischemic rest pain
and/or tissue loss combined with an ankle pressure <60 mmHg with ﬂat or barely
palpable pulsations at the ankle or metatarsals. Preoperatively, we scrutinized patient
history and cardiovascular risk factors. Patient co-morbidity is listed in Table 1.

Co-morbidity
Patients (n)						
DM								
Smoking							
Hyperlipedemia					
Angina / MI						
CVA								
Hypertension					
Hyperhomocysteinemia		

100
34%
45%
36%
28%
14%
55%
3%

DM: Diabetes Mellitus, MI: Myocardial Infarction, CVA: Cerebro Vascular Accident
Table 1. Co-morbidity in 100 patients receiving a femoro-popliteal bypass.

Physical examinations, standard treadmill walking tests and calibrated angiography
of the affected extremity were performed. Pre-operative duplex mapping of the
ipsi- and contralatral SV was not carried out routinely. The patient population had
a median age of 67 years (range 42-88) at the time of the initial bypass operation
and 69 patients (69%) were of male gender. The median preoperative ipsilateral
ankle-brachial index was 0.56 (range 0.16-0.80). Pre-operative median Rutherford
classiﬁcation was 4 (range 1-6). Critical limb ischemia was recorded in 40 patients
(40%), including 19 patients (19%) who suffered minor tissue loss and 1 patient (1%)
who suffered major tissue loss. The mean number of patent crural arteries was 2.
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A supragenicular bypass was performed in 94 patients (94%). Postoperatively,
patients were randomized to receive life-long treatment by either acetylsalysilic acid
(Aspirin) 80 mg daily or coumarin derivates (Sintrom) [target INR ratio 3.0-4.5], in
accordance to local treatment protocols. Patient follow-up visits were at 3 monthly
intervals during the ﬁrst postoperative year and yearly thereafter. The study was
approved by the local Institutional Review Board and fully informed consent, given
in writing, was obtained from all patients.
Statistical analysis
Yearly cumulative probability of receiving a subsequent femoro-popliteal bypass or
CABG was calculated by life table analysis. Freedom of subsequent ipsilateral SV use,
graft patency and limb salvage rates were assessed by the Kaplan-Meier method.
Results
Overall primary and secondary prosthetic femoro-popliteal bypass patency rates
were 79%, 66%, 58% and 82%, 72%, 61% respectively at 1, 3 and 5 years follow-up.
The cumulative limb salvage rate 5 years postoperatively was 89%. The cumulative
mortality rate was 13% at 5 years.
Previous SV use
The ipsilateral SV had been removed for vascular reconstructive purposes in 7 cases
(7%) prior to the initial femoropopliteal bypass operation. These cases involved
CABG procedures. No SV were used for previous femoro-poplitealbypass surgery
and none were removed in the treatment of varicosis.
Secondary femoro-popliteal bypass
An ipsilateral secondary femoro-popliteal bypass was performed in 11 patients
(11%) at a mean interval of 34 months (range 1-96). The cumulative probability of
receiving a subsequent bypass after initial femoro-popliteal reconstruction was 8%
at 3 years and 10% at 5 and 8 years follow-up respectively. The SV was considered
unﬁt for the procedure in one case (1%), necessitating implantation of a prosthetic
bypass. The contralateral SV was applied for femoro-popliteal bypass in one patient
and a combined Dacron-venous bypass was inserted using the contralateral SV in
another. The ipsilateral SV was actually used for a secondary femoro-popliteal
bypass in the remaining 8 cases (8%) (Fig. 1).
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Figure 1. Freedom of ipsilateral SV use after prosthetic femoro-popliteal bypass (Kaplan-Meier analysis).

CABG
One patient (1%) underwent CABG at 8 years follow-up. Only ipsilateral lower leg
SV segments were addressed for this procedure. Cumulative probability of CABG
performance after a femoro-popliteal bypass was 0% at 3 and 5 years follow-up
and 1% at 8 years follow-up.
Discussion
Vascular surgeons prefer the SV as a conduit for femoro-popliteal bypass surgery.
The vein provides superior long-term patency and limb salvage rates. SV primary
patency rates vary from 59% to 77% at ﬁve years follow-up4. Johnson and coworkers described patency rates of 73%, 53% and 39% for SV, human umbilical
vein and polytetraﬂuoroethylene at 5 years follow-up in a large prospective trial13.
Compared to prosthetic graft implantation, fewer re-operations are required14,15.
Graft infections are rare in SV bypasses and less wound morbidity is noted2,16.
A minor disadvantage of SV use is a signiﬁcantly longer operating time compared to
the application of prosthetic grafts4. Furthermore, harvesting the SV implies more
extensive surgical dissection and sacriﬁce of the largest superﬁcial venous conduit.
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Fortunately, the vein accounts for only 5-10% of the total venous reﬂow, therefore
excision seldom causes difﬁculty and subsequent reconstructive surgery is rarely
required5.
A prosthetic graft is implanted to bypass the femoro-popliteal trajectory when the SV
is inadequate, absent or meant to be preserved. Currently polytetraﬂuoroethylene
predominates, presumably because the material is easily implanted and is associated
with relatively low rates of postoperative failure and wound complications16.
Experience with grafts with heparin-bonded technology is also accumulating11,17,.
The rationale behind SV preservation is a general concern that patients who
require a femoro-popliteal bypass suffer concurrent coronary and carotid arterial
disease13. The SV is considered conduit source of autogenous material for CABG
and patch closure following carotid endarterectomy. However, feasible alternatives
are available for these procedures. The left internal thoracic artery and mammary
artery are widely applied for CABG, as well as the radial and gastroepiploic arteries.
Additionally, advanced percutaneous revascularization techniques are rapidly
developing8. Goldman and co-workers speciﬁed no difference in perioperative
mortality, morbidity and recurrent stenosis rates between the SV, internal
jugular vein and knitted Dacron as patch materials for carotid endarterectomy9.
Furthermore, patch closure requires only a small SV segment. Such a segment can
frequently be obtained from SV sites other than the proximal part.
The profound grades of lower extremity ischemia and the co-morbidity in femoropopliteal bypass patients are most likely associated with a higher incidence of graft
failure5. Ischemic symptoms such as claudication or tissue loss may rapidly reoccur
after graft occlusion18. Consequently, secondary femoro-popliteal reconstruction
might be needed for limb salvage. An increasing number of patients require such
a redo-operation. The SV is the most suitable graft for this type of surgery due
to its length and diameter compatibility with the tibial arteries, especially when
used in an in-situ fashion14. One might argue that in absence or inadequacy of
the ipsilateral SV, the contralateral vein is available in many patients and may
serve equal purposes in femoro-popliteal bypass surgery. Some even suggest the
contralateral vein as the conduit of ﬁrst choice in such situations19. An additional
groin wound and prolonged operation time are thereby unavoidable4.
An appropriate assessment of subsequent vascular reconstructions is essential
if one is to determine whether SV preservation is warranted in femoro-popliteal
bypass surgery. The present study analyzed patients who received a prosthetic
bypass mostly with the distal anastomosis above the knee (94%). The ipsilateral
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SV was therefore present in the majority of patients (93%) and available for
additional proximal or distal vascular reconstructions. CABG was performed prior
to the initial femoro-popliteal bypass surgery in 7% of our patients. The ipsilateral
SV was harvested for these procedures. Chew and co-workers determined
that 46% of their patients had received CABG prior to femoro-popliteal bypass
surgery20. Biancari and co-workers observed a 8.5% rate of vascular procedures for
lower limb ischemia during a follow-up of 7 years of 1300 patients after CABG21 .
These observations may indicate that coronary arterial disease requires earlier
intervention than arteriosclerotic lesions in the lower extremities.
Few trials have investigated the need for vascular reconstructions after femoropopliteal bypass surgery inthe past. In 1984 Houser and co-workers addressed the
occurrence of CABG and found that 5.4% of 74 patients required additional coronary
reconstruction22. Poletti and co-workers analyzed a series of 440 infrainguinal
bypass patients in 1998. The probability of receiving subsequent femoro-popliteal
bypass or CABG was 27% and 2% respectively at 5 years follow-up23.23 The
investigators did not distinguish between SV and alternative vein sites for secondary
femoro-popliteal reconstruction. Both studies are retrospective evaluations of data
acquired more than 10 years ago. Our results suggest a 10% cumulative probability
of receiving a secondary femoro-popliteal bypass 5 years postoperatively. Burger
and co-workers prospectively compared reversed SV to polytetraﬂuoroethylene
for femoro-popliteal bypass surgery in 136 cases. The preserved veins were used
for secondary femoro-popliteal reconstruction in 2% of the cases. No patients
required the SV for CABG in the 2 year follow-up period4. In the present study, the
ipsilateral SV was addressed for secondary femoro-popliteal bypass surgery in 8%
of the patients. Only one patient underwent CABG at 8 years follow-up. Although
adequate, the ipsilateral SV was not addressed for this procedure.
Herewith the prevalence of secondary femoro-popliteal bypass surgery and
CABG proved to be quite low in our population. Most secondary femoro-popliteal
bypasses were performed within 3 years postoperatively. Thus, it appears that few
patients would beneﬁt from SV preservation. Therefore, at present, we do not
consider SV preservation a valid argument for application of prosthetic material in
femoro-popliteal bypass surgery.
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Summary
In recent years, ample attention has been directed towards the mechanisms that
play a major role in the process of graft failure. Of these, graft thrombosis and
intimal narrowing have been highlighted.
In this article, a survey is conducted into the key events of the biological processes
that lead to intimal hyperplasia and ultimately, graft failure.
The sequence of biochemical events that lead to thrombosis of grafts is used as
a guideline to describe possible prosthetic surface interventions in each separate
phase of the process.
Targets for counteracting are addressed separately as they are becoming clear by
dissecting the process of intimal hyperplasia into a cascade of events. Suggestions
are made as to which modifications in graft modeling might lead to better patency
rates and thus, less patient morbidity.
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Section 1. Defining the chain of events
1.1. Introduction
The development and use of prosthetic grafts for lesions of the arterial system is
one of the major advancements in modern vascular surgery1 . Primarily consisting of
polyester (Dacron®) or ePTFE (Teflon®), these grafts have done well as a substitute
for segments of occluded or stenosed arteries of large calibre, with diameters equal
to aortic, iliac or femoral arteries2. Ever since bypass surgery to the lower extremity
was brought into practice, it is known that the use of autologous vein grafts yields
patency rates exceeding those of prosthetic grafts3.
This is mainly due to the fact that upon implantation and restoration of flow in a
prosthetic graft, the exposure of the graft surface to blood plasma leads to the
development of a fibrinous pseudointima and to the subsequent cascade of events
in the pre-existent ‘native’ intima4. This layer tends to thicken over time and leads to
narrowing of the luminal cross-section, a process eventually leading to thrombotic
occlusion and thus, graft failure. In locations where native diameters are already
small, the effect of luminal narrowing is unequivocal as flow relates inversively to
the fourth power of diameter5. As a consequence, every measure that stabilizes the
formation of the fibrin layer and that dimishes the proliferation of the intimal layer
is desirable.
In recent years, extensive research efforts were directed at the particular process of
intimal layer proliferation. Separating the cascade into specific key events has lead
to a better understanding of this phenomenon. All of these events, that may serve
as a target for biomedical intervention will be adressed in this paper.
1.2. Intimal hyperplasia
Intimal hyperplasia is defined as a chronic structural change occurring in denuded
arteries, arterialized vein and prosthetic bypass grafts. The process of intimal
hyperplasia is highly determined by hyperproliferation and migration of vascular
smooth muscle cells and is subdivided into hyperacute, acute and chronic stages6.
This cascade of events takes place in native arteries or autologous vein grafts that
are endoluminally injured by trauma to the intima (e.g. forceps handling during
surgery), or at surgically created anastomoses7.
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The first, hyperacute stage is initiated by endothelial injury of an existing genuine
intimal lining or by platelet aggregation in thrombogenic, non-autologous graft
material. Proliferation of vascular smooth muscle cells is set in motion because
of two main reasons; 1) damaged endothelial cells produce less inhibitors –
prostacyclin, heparin sulphate, nitric oxide and natriuretic peptides – to smooth
muscle cell proliferation and 2) thrombocytes themselves release heparinolytic
enzymes. Apart from the reduction of inhibiting factors of smooth muscle cell
growth, a simultaneous increase occurs in the release of growth stimulating
factors like fibroblast growth factor 2 (FGF2) and platelet derived growth factor
A (PDGF-A). In addition, angiotensin II, catecholamines and thrombin, all released
upon injury, also serve as stimulants in the proliferation of smooth muscle cells8.
First stage - immediately upon vascular wall injury
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The second, acute, stage is characterized by the organization of the thrombus,
endothelial cell ingrowth and, again, the release of growth factors. In this stage, that
takes place between hours to weeks after injury, the integrity of the extracellular
matrix is jeopardized, which stimulates smooth muscle cell migration from the
media to the intima. Both tissue-type and urokinase-type plasminogen activator
are involved in this reaction. These agents activate matrix metalloproteases,
further degrading the extracellular matrix9.
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Second stage - hours to weeks after injury
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In the third and final stage of intimal hyperplasia, new extracellular matrix is
synthesized, a process that may continue for months after the initial lesion. In this
stage, transforming growth factor β (TGF-β) and PDGF are the main stimulating
factors10. Simultaneously, vascular smooth muscle cell proliferation and migration,
triggered in the second stage, continue throughout the third stage, and is mediated
by insulin-like growth factor (IGF-1), TGF-β, thrombin and interleukin-1(IL-1)11 .
Together, the relatively exuberant extracellular matrix synthesis and vascular
smooth muscle cell proliferation eventually lead to definitive intimal expansion.
Third stage - up to months after injury
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1.3. The behaviour of prosthetic grafts in relation to intimal hyperplasia
Because of the allogeneic properties expressed by prosthetic graft materials,
additional effects to those described above contribute to the process of intimal
hyperplasia. It also involves proliferation of smooth muscle cells by inducing
growth factors, but several steps may be perceived: 1) foreign body reaction
leads to activation of macrophages which leads to newly excreted growth factors,
2) uncovered graft material activates platelets which also produces growth
factors, 3) smooth muscle cells proliferate as a reaction to strain due to nonphysiological flow patterns at the anastomosis, 4) turbulence itself causes injury
to the endothelium of the adjacent native vessel which releases growth factors and
5) platelets adhere to regions with low shearing stress because of flow separation
which, again, releases growth factors12,13 ,14. Since the aforementioned events lead
to cell proliferation and extracellular matrix accumulation, they ultimately lead to
vessel narrowing and possible graft failure.
1.4. Controlling intimal hyperplasia in prosthetic grafts
By aiming at different key events in the intimal hyperplasia cascade, the process may
be down regulated, possibly resulting in less luminal diameter narrowing. Hypothetical
controllable events are summarized in table 1. Basic vascular researchers interest has
been directed towards many of these events in recent years15. As a result, molecular
and pharmacologic therapies have reached an applicable status to clinical practice
and will be addressed in the following section. A summary of clinically accepted
pharmacological agents and their points of action is shown in table 2.
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Section 2. Systemic factors influencing intimal hyperplasia: stage 1
2.1. Platelet aggregation
Controlling thrombocyte activation and subsequent aggregation has been a major
issue in vascular surgery since bypass surgery was first undertaken. Its role in the
development of intimal hyperplasia has been the subject of thorough research
more recently16,17. Already, the use of anti-platelet therapy has become standard
practice in vascular bypass surgery. Multicentered randomized clinical trials have
proven benefits of using acetylsalicylic acid (aspirin) per- and postoperatively18,19. Its
point of action concentrates on irreversibly inhibiting cyclooxygenase, so as to shift
the production of thromboxane A2 – which serves as a platelet activity promotor –
to the production of prostacyclin (PGI2), which inhibits platelet activity by raising
intracellular cyclic adenosine monophosphate (cAMP). Other anti-platelet drugs
like the thioenopyridine inhibitor clopidogrel or ticlopidine have proven to be more
effective in preventing thromboembolic complications related to coronary stenting
when combined with aspirin. They are also effective in preventing recurrent stroke
in patients when used instead of aspirin20,21 . In infrainguinal bypass surgery, the
beneficial potential of the thioenopyridine inhibitor clopidogrel in infrainguinal
bypass surgery has recently been confirmed22.
2.2. Endothelial surface inhibitors of platelet aggregation
In addition to antiplatelet drugs used by prescription, platelet inhibiting surface
coatings may serve as an interesting solution to platelet activation by foreign body
contact.
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2.2.1. Antiplatelet drugs coating
The concept of linking antiplatelet agents to otherwise thrombogenic surfaces is
very appealing. An in vitro study on immobilizing prostacyclin and prostaglandins
to albuminated surfaces with the intention of locally inhibiting platelet adhesion
reported that surfaces thus modified showed negligible platelet adherence23.
Also, impregnating prosthetic grafts with iloprost – a prostacyclin analogue –,
conjugating dipyridamole to non-autologous surfaces and a polymer coating slowly
releasing salicylic acid were investigated . Data elicited from these experiments
demonstrated a dramatically decrease of in vitro thrombogenicity24 ,25 ,26. A major
issue concerning all experiments that aim to develop drug-eluting systems appears
to be the limitation of its action, because of the difficulties in creating a stable and
constant release of pharmacological agents.
2.2.2. Heparin coating
Intrinsic endothelial anti-thrombotic properties are dependent on various agents,
mainly heparan sulphate. Therefore, coating non-endothelialized surfaces with
the glycosaminoglycan heparin might mimic the physiological situation by
improving blood compatibility. Many publications have addressed the technique
and backgrounds of heparin bonding27,28. Keypoint here is the retention of its
bioactivity, which is very much dependent of the immobilizing technique used.
Possible methods include ionized bonding due to the negative charge of the
sulphate groups, covalent binding, incorporation into a surface matrix and, perhaps
the most promising, end-point immobilization29 ,30,31 . Prospective randomized
clinical studies comparing heparin-bonded polyester grafts to conventional grafts
have been or are being undertaken32,33. At five-years follow up, no significant
difference was demonstrated, but more investigation is warranted with greater
patient groups to draw final conclusions. Recent experience with a heparin-bonded
ePTFE graft seems promising34.
2.2.3. Nitric oxide coating
The inhibitory mechanism by which nitric oxide reduces platelet adhesion to collagen
fibrils and endothelial cell matrix has been thoroughly investigated35. Nitric oxide
suppresses platelet activation and intravascular thrombosis, both in its endothelium
derived as in its platelet synthesized appearance. Recent investigations suggest that
nitric oxide biosynthesis in platelets may be decreased in patients with cardiovascular
risk factors and this may contribute to arterial thrombotic disease36. Nitric oxide
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stimulates the production of cGMP which potently inhibits the activation of the
TXA2-specific GTPase in platelet membranes in a concentration dependent fashion.
As TXA2 serves as a potent stimulus of platelet aggregation and a physiological
regulator of vascular smooth muscle cell contraction, inhibitors of TXA2 decrease
ischemic events in clinical populations, which supports an important role for TXA2
in in vivo regulation of hemostasis and thrombosis37,38. The development and
clinical application of polymeric biomaterials that provide a localized and sustained
production of nitric oxide may lead to reduction of thrombosis and restenosis
following vascular grafting of endovascular procedures. A method that has proven to
be effective comprised the use of nitric oxide donor molecules that were covalently
incorporated into photopolymerized polyethylene glycol hydrogels39. Other
techniques to incorporate nitric oxide donors into the polymer include blending into
the polymer after ion-pairing and by simple dispersion within the polymer matrix.
Although each approach differs in terms of nitric oxide release rates, mechanism and
location, the release is maintained for 10 to 72 hours40. The biomedical application of
nitric oxide releasing or generating polymers as a coating in thrombogenic materials
used for vascular bypass grafting shows great promise as it may lead to a new
generation of medical devices with superior biocompatibility41.
2.2.4. Natriuretic peptides coating
C-type natriuretic peptide is a 22 amino acid peptide that has strong vasorelaxant
properties. Its distribution is wide and its biological effects are exerted in e.g.
gastrointestinal, genitourinary and vascular regions. In the latter, it appears to be
an important factor regulating vascular tone. This has lead many researchers to
study its effects on myocardial function in hypertensive situations. In 1995, Furaya
found that the C-type natriuretic peptide inhibits proliferation of vascular smooth
muscle cells through an elevation of cGMP42. Especially on an injured vascular
wall with intimal thickening it potently stimulated cGMP production. Through
inhibition of the proliferation of vascular smooth muscle cells upon vascular wall
injury, infusion of C-type natriuretic peptide has been reported to inhibit neointima
formation in rat common carotid arteries after experimental artery injury by balloon
angioplasty 38. In humans, a strong expression of natriuretic peptide receptors in
neointimal smooth muscle cells has been confirmed by analysis of post-portem
atherectomy specimens43. The therapeutic relevance of natriuretic peptide has yet
to be determined, but interventions that selectively modulate its production or
activity may be of therapeutic benefit.
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2.3. Enzymes released by platelets and growth stimulating factors
As described above, platelets are intensely involved in the first stage of intimal
hyperplasia. Enzymes that are released from platelets at the site of vascular injury
are strongly related to growth stimulating factors. Basic fibroblast growth factor
(bFGF) has been shown to play an instrumental role in the cascade of events leading
to restenosis44. The mechanism of bFGF activation following vascular injury results
from the liberation of bFGF from the extracellular matrix of smooth muscle cells by
the release of heparanase and platelet factor-4 (PF4) by activated platelets, leading
to the proliferation of smooth muscle cells. bFGF has as such been determined
to be an important smooth muscle cell mitogen45. Addition of exogenous bFGF
significantly increased smooth muscle cell proliferation following injury by balloon
dilation and treatment with intravenous bFGF-neutralizing antibodies significantly
decreased post-injury smooth muscle cell proliferation46, 47. Deendothelialization of
the vessel wall following e.g. balloon angioplasty or surgical intervention induces
platelet adhesion and the localized release of degranulation products including
heparanase (an endoglycosidase that degrades heparin sulphate) and PF4 (a
heparin-binding protein)48. Heparanase enhances the bioactivity of the growth
factor by protecting it from proteolytic degradation, decreasing re-binding to
the extracellular matrix and by enhancing binding to the FGF-receptors on the
cell surface49. Thereby, heparanase and PF-4 play a role in the induction of intimal
thickening following injury. Having addressed these mechanisms, their application
in modern vascular surgery techniques are near at hand.
Another growth factor playing an important role in driving the early events
following vascular injury is platelet derived growth factor (PDGF). PDGF has been
determined to function as a mitogen and chemoattractant for vascular smooth
muscle cells in vitro but has been found to induce only minimal increases in medial
smooth muscle cell proliferation following vascular injury in the rat carotid artery50.
Its main action is centred on the enhancement of intimal thickening by promoting
the migration of smooth muscle cells from the media to the intima rather than
stimulating their proliferation. For its action, it appears to intensely depend on
luminal factors, as in studies concentrating on the blocking of blood contact, PDGF
did not seem to lead to enhanced intimal thickening. The above-mentioned use of
barrier agents, precluding blood and foreign body contact, may limit the cascade
leading to intimal hyperplasia.
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2.4. Other mediators
Thrombin (activated Factor II [IIa]) is a coagulation protein that has many effects
in the coagulation cascade. It is a serine protease that converts soluble fibrinogen
into insoluble strands of fibrin, as well as catalyzing many other coagulationrelated reactions51 . It clearly functions as a key trigger of thrombosis, which in itself
carries most morbidity and mortality in atherosclerotic cardiovascular disease.
It also contributes to longer-term, structural changes in the arterial wall that
promote narrowing and clotting52. As the mechanisms by which thrombin leads
to intimal thickening are well-understood, the idea of counteracting its actions by
medical intervention is tempting, since many agents exist that inhibit the effects
of thrombin. Direct thrombin inhibitors are clinically used as anticoagulants. Other
thrombin inhibitors recently investigated are argatroban, melagatran, dabigatran,
bivalirudin and the recombinant hirudins including lepirudin and desirudin53 ,54.
Recent investigations have shown that interfering in the renin-angiotensin cascade
also affects the process of intimal hyperplasia55 ,56. It appears, that when Angiotensin
II type 1 receptors are blocked, neointimal formation is attenuated. This is due to
the interaction between the renin-angiotensin system and the homing process
of smooth muscle cells upon arterial wall injury. The exact mechanism for this
interaction is not yet fully understood. Langeveld c.s. found, that angiotensin-(1-7) is
probably the mediating factor in this process57. Angiotensin-(1-7) is an endogenous,
biologically active peptide of the rennin-angiotensin system and is formed out of
angiotensin I and angiotensin II by several endopeptidases. During angiotensinconverting enzyme inhibition and angiotensin II receptor blockade, its plasma levels
are elevated. By its vasodilatory actions and by inhibiting thrombosis and smooth
muscle cell proliferation, Angiotensin-(1-7) reduced the effects of endothelial injury
after stent implantation in a rat model. Interestingly, the vasodilatory effects of
Ang-(1-7) appear to be largely mediated through the release of nitric oxide, which
stresses the importance of the latter agent58. Already, the effects of angiotensinconverting enzyme inhibiting pharmaceuticals like ramipril and elanapril on intimal
hyperplasia have been tested in an animal model59. Application of these drugs in
modern vascular surgery is challenging, either by direct administration or indirectly
by the use of drug eluting stent grafts.
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Other studies have shown that catecholamine-induced proliferation is strongly
augmented and contributes to hypertrophic growth and restenosis in experimental
vascular injury. The process of vascular smooth muscle cell proliferation,
hypertrophy and migration, is stimulated by catecholamines, through stimulation
of α1-adrenoreceptors60. Application of norepinephrine to rat aortic tissue resulted
in smooth muscle cell and adventitial fibroblast proliferation and hypertrophy
with a significant increase after balloon angioplasty61 . Chronic blockade of
α1-adrenoreceptors reduced neointimal expansion and lumen narrowing in the rat
carotid injury model. Thus, it is suggested that catecholamines may contribute
to excessive growth of vascular wall cells in vascular diseases and injury after
surgical procedures. Moreover, Hattori and co-workers demonstrated that chronic
administration of the β-adrenergic blocker celiprolol inhibits vein graft intimal
hyperplasia through suppression of proliferative activity in the neointima62.
Celiprolol produces a vasodilating effect by acetylcholine-induced endotheliumdependent nitric oxide production, which, as stated earlier in this section, leads to
less intimal hyperplasia in autologous venous grafts.
Platelet glycoprotein IIb/IIIa inhibitors like abciximab have shown to be effective
in reducing thrombotic events in patients undergoing coronary interventions and
when used as medical therapy in patients with acute coronary syndromes63. They
affect platelet function by occupying the fibrinogen-binding site on the platelet
surface, thus preventing cross-linking of platelets by fibrinogen during thrombus
formation induced by plaque disruption and rupture64. In this manner, abciximab
is active in inhibiting platelet aggregation and SMC migration and appeared to
significantly reduce the level of PDGF expression in vessel lumens and neointimal
SMCs after angioplasty65 ,66. Clinical therapeutic benefit has been tested in a
coronary stenting practice, showing a potential therapeutic benefit in preventing
in-stent stenoses using abciximab coated stent material67.
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Section 3. Factors influencing intimal hyperplasia: stage 2
3.1. Extracellular matrix breakdown
The extracellular matrix includes the interstitial matrix, the inner elastic lamina
and the basement membrane68. The interstitial matrix consists of fibrous proteins
and glycosaminoglycans, produced by resident cells – in vascular tissue by
vascular smooth muscle cells. In this way, the extracellular matrix can vary in its
composition by adapting to different stimuli. In healthy tissue, the matrix proteins
are stable and have a slow turnover rate. In the early response after vascular wall
injury, the matrix is jeopardized by serine proteinases. Later, renewal or rebuilding
of the extracellular matrix takes place, which is merged with smooth muscle cell
proliferation and migration and leads to vascular wall thickening. Degradation of
the matrix is facilitated by matrix metalloproteases (MMP’s). Activation of MMP
production can be induced by injury and is initiated by the serine proteinases
tissue-type plasminogen activator (tPA) and urokinase-type plasminogen activator
(urokinase) synthesized by vascular endothelial and smooth muscle cells. Drugs or
agents that control production of the above-mentioned mediators may play a role
in attenuating this phase of intimal hyperplasia.
Urokinase and tPA seem to function indirectly, by activating the latent forms
of certain MMP’s, which, in turn, degrade matrix69. The contribution of tPA and
urokinase to the process of neointima formation has been studied in mice70. Lijnen
and co-workers studied the effect of high-dose urokinase in injured murine arteries
which, in addition to neointimal formation, apparently undergo destruction of
their aortic media. In this model, they found that reduced activity of some MMP’s
correlated with protection from neointimal formation and from breakdown of
medial lamellar matrix. Although mechanisms in human vascular disease appear
to be more complex than depicted above, interfering in MMP and plasminogen
activating agent production seems attractive.
Long-term effects of treatment with thrombolytic agents in atherosclerotic
cardiovascular diseases remain to be defined. Future studies on determination of
the role of plasminogen activator in vascular remodelling orient the prevention of
restenosis following vascular procedures.
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Section 4. Factors influencing intimal hyperplasia: stage 3
4.1. Extracellular matrix synthesis
The plasminogen activator system not only participates in extracellular matrix
breakdown, it also plays a key role in modulating hemostasis, thrombosis, and
several other biological processes71 . Overexpression of urokinase promotes
neointima formation, which is probably due to active remodelling of extracellular
matrix in vascular wall caused by excess plasmin. A role for urokinase in smooth
muscle cell migration and neointima formation is confirmed, but not, as such,
for tPA72. Upon vascular wall injury, monocytes are recruited to the arterial
wall at the site of injury, resulting in modulation of vascular smooth muscle cell
growth and migration. This interaction plays a central role in the development of
vascular intimal thickening. Urokinase expressed by monocytes serves as a potent
chemotactic factor for vascular smooth muscle cells and therefore might account
for the acceleration of vascular remodeling73. The importance of this is stressed by
the fact that increased extracellular matrix formation appears to form the major
part of the neointimal hyperplasia tissue.
As fibroblast growth factors promote medial proliferation of vascular smooth
muscle cells, migration of these cells to the intima is mainly promoted by
endogenous or exogenous PDGF74. Insulin-like growth factor-1 (IGF-1), TGF-β,
thrombin and IL-1 all take part in this process.
IGF-1 is a mitogen that exerts its effects through specific receptors located on
the cell membrane. Through the recognition of increased IGF-1 binding in postinjury hyperplastic aortas in a rabbit model it is suggested that IGF-1 promotes the
multiplication of vascular smooth muscle cells in culture75. Recent investigations
show that blocking IGF-1-mediated phosphorylation of the IGF-1 receptor in
smooth muscle cells inhibits their replication, and subsequently attenuates intimal
hyperplasia after balloon injury of rat carotid arteries76. In addition to IGF-1, other
growth factors have been implicated in the regulation of smooth muscle cell
proliferation and migration. Of these, PDGF and TGF-β are potent smooth muscle
cell mitogens in vitro and induce smooth muscle cell chemotaxis. Their receptors
belong to a family of growth factor receptors, each sharing the common feature
of activation of tyrosine kinase upon binding of growth factors. Somatostatin – a
growth-inhibitory peptide found throughout the body – inhibits the stimulatory
effects of selected growth factors by activating specific protein tyrosine
phosphatases. Clinical use of these findings has been suggested by the use of
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somatostatin analogues in reducing the high incidence of restenosis observed after
percutaneous transluminal coronary artery interventions77. Native somatostatin
has limited clinical use, because of its extremely short half-life. Analogues with
longer half-lives, like octreotide and angiopeptin have been shown to have direct
antiproliferative effects in a wide range of cell types both in vitro and in vivo. In
this manner, both agents have been used therapeutically in the treatment of
gastrointestinal neoplasms, pituitary tumors and prostatic cancer 78.
Other conventional, systemically delivered drugs have been shown to inhibit
smooth muscle cell proliferation and migration. Of these, troglitazone appeared
to reduce neointimal formation in a small series of 52 patients with noninsulin
dependent diabetes mellitus receiving coronary stent implantation, whereas
tranilast reduced in stent restenosis in the porcine coronary model but appears to
show no benefit in a recently completed trial79 ,80, 81
Cytokines are also important agents involved in this phase of intimal neoformation.
Multiple lines of research suggest that intimal hyperplasia occurs by way of
inflammation-dependent mechanisms82. IL-1 is an inflammatory cytokine that
stimulates expression of adhesion molecules and induces synthesis of other
proinflammatory cytokines. Also, IL-1acts as a chemoattractant and mitogen for
smooth muscle cells and is overexpressed at sites of active proliferation and migration
of these cells at the site of injury83. It has been demonstrated, that IL-1 receptor genedeficient mice tend to develop less neointima and recent studies revealed a crucial
role for an IL-1 receptor antagonist in the reduction of inflammation in both intima
and adventitia and inhibition of neointimal formation84 ,85. Although it exerts effects
in many ways, dexamethasone strongly prevents neointimal growth by its antiinflammatory effects, inhibiting leukocyte adhesion and aggregation86. However,
in a recent study in a femoral artery cuff mouse model, systemic dexamethasone
treatment inhibited cuff-induced neointima proliferation, but the tested dose was
associated with systemic side effects including weight loss, reduced daily activity
and decreased fur quality, all pointing to significant impaired general well-being87.
Since vascular narrowing has been referred to as a central feature of chronic rejection
in transplanted organs, the influence of modern immunosuppressive agents on the
process of intimal expansion have been studied88. While vascular smooth muscle
cells in mature, normal blood vessels exhibit a differentiated, quiescent, contractile
morphology, injury induces a phenotypic modulation toward a proliferative,
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dedifferentiated, migratory and synthetic phenotype with upregulated extracellular
matrix synthesis, which contributes to intimal hyperplasia89. The mammalian
target of rapamycin (mTOR) appears to play a key role in vascular smooth muscle
cell proliferation and migration. It is well recognized that synchronized cell cycle
control and coordinated regulation of protein synthesis are essential for vascular
smooth muscle cell proliferation. The antiproliferative effects of rapamycin on
vascular smooth muscle cells are attributed to an inhibition of mTOR, resulting in
blocked cell cycle progression at the G1/S transition90. Rapamycin also inhibited rat
and human vascular smooth muscle cell migration in response to PDGF, although
the mechanisms by which this takes place are less clear91 . Because vascular smooth
muscle cell dedifferentiation is a prerequisite for transformation into a migratory
and proliferative phenotype and the fact that rapamycin promotes vascular smooth
muscle cell differentiation, rapamycin-coated stents or grafts may lead to the
prevention of (re-)stenosis. It is compelling to utilize rapamicin in graft coatings, as
it may promote the maintenance of functional, quiescent vascular smooth muscle
cells at the site of injury or anastomosis92.
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Section 5. Other treatment modalities
5.1. Modeling the graft’s surface
Creating a graft surface less hostile to blood components by resembling autologous
tissue should also be addressed here. Apart from the fact that Dardik’s life-time
achievement investigating and producing grafts lined with human endothelial cells
is admirable, it also prepared the way for the concept of artificially lining synthetic
grafts with human endothelial tissue by cell seeding93. As normal endothelium
is antithrombogenic and still promotes platelet aggregation and coagulation
if injured, preservation of the endothelium should be an additional objective for
vascular surgeons. Synthetic vascular grafts do not spontaneously endothelialize
and thus usually require some form of anticoagulation to maintain patency. Hence,
endothelialization of prosthetic implants became an attractive concept. A number
of different methods of obtaining an endothelial lining of prosthetic material has
since been developed; these include facilitated endothelial cell migration and
endothelial cell seeding by using either venous or microvascular endothelial cells.
Although studies on prosthetic graft seeding using endothelial progenitor cells
have shown excellent results on graft endothelialisation in vitro, none of these
studies reported favourable effects on the more clinically relevant end points
such as intimal hyperplasia or graft patency94. In spite of this, manipulating the
endothelium might well provide the next major advancement for therapeutic and
preventive measures for cardiovascular disease95.
Separating blood components from a potential thrombogenic surface using
artificially created layers may serve as another way to create an interface less liable
to the initiation of thrombogenic reactions upon implantation. While adopting new
graft engineering technology is technically demanding, it has been demonstrated
that 20-microns thick hydrogel barriers adhering firmly to the arterial wall
block thrombus deposition after deliberate injury to carotid arteries96. If these
nonthrombogenic hydrogel barriers were to be applied to the luminal surface of
a prosthetic vascular graft, this would result in the reduction of blood contact
and as such, might reduce extra cellular matrix proliferation and migration after
prosthetic vascular graft bypass surgery.
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5.2. Modeling flow patterns
Hemodynamic factors like arterial blood flow and pressure also contribute to
adverse changes in the blood vessel wall. Altered hemodynamic forces are crucial
for the remodelling of vein grafts and both low and high flow conditions may serve
as a trigger for developing intimal hyperplasia97. Atherosclerotic plaques, intimal
hyperplasia after angioplasty and vein graft thickening are all increased in areas
of low shear98. Graft stenosis due to intimal hyperplasia occurs predominantly in
anastomotic areas, where disturbed flow patterns and low shear stress lead to
vessel wall thickening99 ,100. The mechanism by which shear forces affect vessel wall
biology has been thoroughly investigated. Both in vitro and in vivo studies have
shown that a large number of growth factors are regulated by shear stress, of which
PDGF, bFGF and TGF-β have been pointed out as the most important mediators
of smooth muscle cell migration and proliferation in vein graft remodelling101 .
Hemodynamic oriented experiments have shown, that high flow rates may induce
disturbances at the anastomosis, leading to regions of high and low shear stress.
The emerging turbulent flow at anastomoses made in an end-to-side fashion is
often referred to as the vortex. The zones in this vortex that contain high shearing
stress levels lead to local vessel wall damage, which in turn leads to the release of
vasoactive substances and subsequent triggering of growth factors102.
To prevent disadvantageous vortex flow patterns at the anastomosis, the
application of venous cuffs or patches was developed to ensure a more gradual
transition from graft to native vessel as often mismatches occur between adjacent
diameters and wall structure103. As an alternative to sometimes elaborating venous
cuff anastomosing techniques, precuffed bypass grafts have been designed, which
obviates the necessity to harvest and create a vein cuff, at the same time preserving
a more physiologic flow pattern at the floor of the end-to-side anastomosis104. A
prospective, randomized multicenter clinical trail showed similar patency results for
precuffed grafts and PTFE grafts with vein cuff 105. Patency of PTFE grafts combined
with venous cuffs have been compared to standard anastomosing techniques in
hemodialysis vascular access, which did not show better patency in the venous cuff
group97. In peripheral bypass graft surgery, a vein cuff appears to improve threeyear patency rates when used in a below-knee popliteal reconstruction, whereas
for above-knee popliteal bypasses this advantage could not be reproduced106.
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Conclusion
As scientific boundaries are shifting further and surgical techniques are refined,
new treatment modalities come within reach. Vascular surgical experience
gained throughout the years is constantly being combined with innovative
technical entities. Understanding the principles of graft failure and elucidating
the biological events responsible are of paramount importance. Already, modern
bioscience and molecular chemical engineering have converged, leading the
path towards the creation of a durable, nonthrombogenic, biocompatible,
infinitely available and, thus, practically ideal synthetic bypass graft material.
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Process								Pathobiology						Agent
Stage 1 Intimal hyperplasia			

Platelet agregation					

Cyclooxygenase

																		Glycoprotein IIb/IIIa
																		Thienopyridine
									

Endothelial (surface) inhibitors 		

Prostacyclin

									of platelet aggregation and			Heparin sulphate
									

SMC proliferation					

Nitric Oxide

																		Natriuretic peptides
									Enzymes released by platelets		Heparinolytic enzymes
									Growth stimulating factors			bFGF
																		PDGF
									Other mediators						Anginotensin II
																		

Catecholamines

																		Thrombin
Stage 2 Intimal hyperplasia			

Extracellular matrix breakdown		

Urokinase

																		tPA
																		

Matrix

																		metalloproteases
																		

(MMP)

																		IGF-1
																		

TGF-β

																		Thrombin
																		Interleukin-1
Stage 3 Intimal hyperplasia			

Extracellular matrix synthesis		

TGF-β

									Smooth muscle cell proliferation

PDGF

Table 1: Intimal hyperplasia pathobiology and possible targets for intervention
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Generic name		 Brand name		 FDA			 Point of action						 Graft
									
approval										
incorporation
Rosuvastatin,		 Crestor®, 			 Yes			 Inhibition of VSMC migration			 Unknown
Pravastatin			 Selektin®						 by impairing PDGF
Flavoperidol 		 Alvocidib			 Yes			 Inhibition of VSMC growth			 Unknown
												
by inhibition of bFGF
Rapamycin			 Sirolimus®		 Yes			 Inhibition of VSMC migration			 Yes, collagen
												 by inhibition of IGF-1					 matrix
												
Inhibition of endothelial cell
												
proliferation by inhibition of bFGF
Paclitaxel			 Taxol®			 Yes			 Inhibition of VSMC and endothelial Yes, collagen
												 cell proliferation and migration by		 matrix
												
preventing DNA-synthesis
												
initiated by growth factors
Heparin				 -				 Yes			 Inhibition of VSMC growth and		 Yes, collagen
												 proliferation by indirect thrombin		 matrix
												
inhibition
Nitric oxide			 -				 Yes			 Inhibits vascular smooth muscle		 Yes, incorporation
												
growth, platelet aggregation,		
photopoly merized
												
and leukocyte adhesion to the 		
polyethylene
												
endothelium 						
glycol hydrogels
Dexamethasone		 -			
Yes			 Multiple points of action; mainly		 Yes, suspension
												 anti-inflammatory effects 			 in lactic acid matrix
																				
or impregnation in
																				 polymer matrix
Acetylsalicylic acid Aspirin		
Yes			 Inhibition of platelet activity by		 Yes, polymer
												 raising cAMP activity					 matrix
Ticlopidine			 Ticlid®		
Yes			 Decreasing platelet activity and		 No
												 aggregation, no effect on IH
Clopidogrel			 Plavix®		
Yes			 Decreasing platelet activity and		 No
												 aggregation, no effect on IH
Iloprost				 Ilomedine® Yes			 Raises intracellular cAMP and			 Unknown
												
decreases platelet aggregation
Ramipril				 Tritace®		
Yes			 Inhibits conversion to angiotensin II No
Troglitazone			 Resulin®		
Yes			 Inhibits PDGF, IGF-1 and bFGF		 No
Argatroban			
-			Yes			
Direct thrombin inhibition			
No
Lepirudine			 Refludan®
Yes			 Direct thrombin inhibition			 No
Tranilast			
-			Yes			
Inhibition of proliferation and			
No
												 migration of VSMC, mechanism
												
not fully revealed
Abciximab			 Reopro®			 Yes			 Decreasing platelet activity and		 Yes
												 aggregation, probably also effect
												 on SMC proliferation and migration
Celiprolol			 Dilanorm®
Yes			 Increasing nitric oxide production,		 No
												
reducing intimal hyperplasia
Table 2: Generic names of medication therapy, brand names, availability, point of action and feasibility
of incorporating in synthetic surfaces.
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I had a soul transplant operation,
Cause my bypass didn’t function,
So now I’m keeping on my toes,
Till I see your one man show.
GOD, SHOW ME MAGIC by SUPER FURRY ANIMALS from the album FUZZY LOGIC, 1995
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General discussion
Ever since its initial application by Kunlin in 1948, the practice of infrainguinal
bypass graft surgery has been subjected to comprehensive research1 . In literature,
both experimental and clinical studies have been described in abundance. In its
era of practice, patency rates have improved, but the question arises, whether this
is due to improvements of the graft in itself or to factors that coincide with the
realisation of implantation, such as postoperative medication, better perioperative
care and surgical technique.
Graft thrombosis
Graft thrombosis is considered to be the ultimate endpoint of graft functioning.
Whereas early graft failure is mostly due to surgical imperfection, reduced inflow of
the graft or poor runoff, the long term effects of bypass surgery compromising flow
and thus initiating failure also emerge as an interesting subject for both clinicians and
investigators. According to Virchow’s triad, alterations in the vessel wall emerging
over time after implantation, changes in blood rheology and altered flow patterns are
the principle causes of thrombosis2. After insertion of a vascular graft, these factors
are indeed being influenced by the cascade of events, taking place in native arteries
or autologous vein grafts that are endoluminally injured by trauma to the intima
– e.g. forceps handling during surgery –, or at surgically created anastomoses3. It is
well recognised, that these factors are not independent pathophysiological entities
but instead interact and cross-talk in a complex manner. All of these factors have been
thoroughly subjected to investigation in the field of infrainguinal bypass surgery.
Of all determinants mentioned above, the introduction of prolonged use of
antithrombotic agents and other medication postoperatively has had a huge impact
not only on the results of bypass graft surgery, but also on survival of patients with
systemic cardiovascular disease4. The application of antithrombotic agents for
preventing thrombosis after infrainguinal arterial bypass surgery on a routine basis
has been adopted as a part of the armamentarium to deal expertly with thrombosis
and its complications. When concentrating on the effects of antithrombotic therapy
solely on graft patency, it is interesting to know, which drug is optimal to prevent
infrainguinal graft occlusion. A recently published review of randomized controlled
trials describes a greater benefit for patients receiving a synthetic graft when
treated with platelet inhibitors, comparing to vitamin K antagonists5. The latter
proved to be more beneficial after insertion of a autologous vein graft, although
the difference between the results was small.
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The animal model, described in chapter 2 was developed with the intention
to be able to visualise the extent of adherence of activated thrombocytes to
a synthetic graft material, placed in an arterial flow situation. Goldman et al.
introduced the thrombogenicity index (TI) in an attempt to predict patency of
prosthetic arterial grafts in patients undergoing femoropoliteal bypass surgery6.
Autologous 111Indium-platelets were injected in the second postoperative week
and TI was calculated as the mean daily rise in the ratio of radioactivity emerging
from the graft as compared to the contralateral thigh. Grafts with a lower initial
TI than the median showed a significantly better cumulative patency one year
postoperatively. Adressing different graft types, mean TI was greatest in Dacron
grafts when compared to PTFE (p<0.5) and autologous saphenous vein appeared
to be markedly less thrombogenic than either prosthetic graft 7. Using the same
technique, antithrombotic drugs were examined in the postoperative situation.
Not surprisingly, thrombocyte aggregation inhibitors reduced mean TI and
enhanced graft patency. In this way, radiolabelled platelet deposition provided a
guide as to how different graft materials or antithrombotic drugs may influence
graft thrombosis in a clinical setting.
The technique of 111Indium-labelled platelets has been utilized in a wide field,
where thrombosis was the main issue, such as in the diagnostics of deep vein iliac
thrombosis and pulmonary embolism8,9. 111Indium has physical characteristics
suitable for imaging that facilitates interpretation of studies. Theoretically, it
facilitates the identification of thrombi in any location. The physical half-life of
the isotope (2.8 days) and the biological life of the injected platelet (8 to 10 days)
permit imaging up to 5 days after injection of the platelet suspension. Although it
supports the monitoring of the initial response to graft insertion and therapeutic
consequences, 111Indium’s short half-life precludes serial observations, which
renders it less suitable in the study of thrombocytic events as they appear in the
process of graft failure. Moreover, processing 111Indium-labelled thrombocytes
mandate elaborate in vitro techniques, by labelling prior harvested thrombocytes.
In order to comply to these issues, a different technique was adopted and further
developed by using a labelled synthetic GP IIb/IIIa-receptor antagonist. Upon the
interruption of the normally smooth and intact endothelium, serving as an inner
wall lining that prevents the initiation of hemostasis, endothelial cells release Von
Willebrand’s Factor, allowing passing thrombocytes to adhere and accumulate.
The actual process of thrombocyte activation is triggered when these bindings take
place. Activated thrombocytes lead to further activation of a membrane bound
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glycoprotein, the GP IIb/IIIa receptors. For platelet aggregation the GP IIb/IIIareceptor is essential. It allows for fibrinogen bridges to be formed between these
receptors on activated thrombocytes. Platelet function analysis is often exercised
with aggregometry using Born’s method10. This method is based on the fact that
thrombocytes can form large aggregates when stirred in the presence of certain
inductors. This can be visualised by an increase in light scattering. The continuing
change of the sample’s ability to scatter light can be measured over a certain time
period an thus valuable information on thrombocytic functionality. This offers the
possibility to test and compare different pharmaceutic agents on their efficacy in
limiting platelet aggregation. To visualise the extent of aggregation on different
surfaces, however, an in vivo situation is mandatory. Therefore, the development
of the aforementioned animal model was initiated, using a 99mTechnetiumradiolabelled pentapeptide with high affinity for the glycoprotein IIb/IIIa receptor
expressed on activated platelets, binding to platelets that are intimately involved
in thrombus formation. In this way, we were able to visualize and measure platelet
adherence in situ without platelet harvesting and processing. As the prior interest
of this thesis was aimed at comparing different graft materials and their postimplantation behaviour, the dog model was used to compare two different grafts
(chapter 3).
In chapter 6, the close relationship between thrombocyte aggregation and intimal
hyperplasia is highlighted. While the process of intimal hyperplasia has been
extensively studied using sophisticated techniques, our animal model experiments
only allowed for measurements of intimal thickness after explantation of the graft
materials at 28 days after insertion. As the main attention and the design of our
laboratory studies were directed towards thrombocyte adherence as an important
predictor for graft failure, the animal model did not allow for state of the art
investigation of intimal hyperplasia at the same time, without interfering with the
purpose of the studies and, possibly, lead to false interpretation of their results or,
at the least, influencing them. Light microscopy using different staining techniques
and measurements of intimal thickness in the samples explanted after 28 days
showed marked differences in histological characteristics.
Intimal hyperplasia
The concept of intimal hyperplasia has drawn many investigators’ attention.
Meticulous and high-tech studies have been designed, performed and extensively
reported in modern literature concerning peripheral bypass surgery. As it has been
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recognized as the key feature in the process of graft failure, intimal hyperplasia
as an entity demands particular attention in this thesis. Because the phenomenon
of graft failure was adopted as the main subject of our investigations, we
described intimal hyperplasion in a wider, more compound context. In this way,
the underlying and previously intensively studied biochemical events were used
as a basis for theoretical improvement of bypass graft patency. By separating
the process into distinct stages, each with its unique characteristics, multiple
suggestions for improvements may be appreciated. Already, some of these have
been implemented into modern vascular surgery. With the recognition of flow
patterns and their consecutive effects on the vascular wall by exerting shearing
forces as major influencing factors leading to intimal hyperplasia and luminal
narrowing, the concept of graft engineering originated. Spiral flow patterns,
congruous with inherent endoluminal anatomical features, might more accurately
represent physiological blood-flow in infrainguinal arteries11 . Specially prepared
grafts, facilitating a spiral laminar flow pattern to correct for the vortex type of
flow, existing at end-to-side anastomoses, have been used in the clinical situation,
with satisfying results12. Though serving as a perfect example for a new approach
to synthetic graft processing, the role of this ‘enhanced prosthetic graft’ needs to
be examined by randomized clinical studies.
Other possible modifications of synthetic grafts comprise the use of pre-formed
cuffs, resembling the frequently applied and well-described vein cuff in femorodistal
and vascular access surgery13,14. Their role in bypass graft surgery has not yet been
established.
As intimal hyperplasia predominantly occurs at the site of the anastomosis, not
only influencing flow in order to mimic a physiological pattern, but also limiting
vascular wall injury emerges as an important target for possible improvement of
graft patency. Therefore, modifications of basic surgical anastomotic techniques
have been the subject of investigation. The idea of situating a synthetic graft in
a more anatomical position applying endovascular or hybrid techniques recently
resulted in another way of looking at the placement of a conduit: a graft could
conceivably be seen as an endoluminal ‘throughpass’, rather than a ‘bypass’15.
Hypothetically, the direction of flow induced forces could be modified by avoiding
end-to-side anastomotic configurations, thereby influencing wall shear stress and
preventing the intimal hyperplasia cascade to be initiated. Although research on
this particular topic has not yet lead to conclusions, the concept of creating an
instantly smooth vascular anastomosis in an atraumatic fashion with shearing
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forces resembling those in the physiologic situation continues to be very appealing.
The role of pharmacological agents in the context of intimal hyperplasia and
graft thrombosis have both been addressed in-depth. Comparing long-term graft
patency rates has been a powerful method to establish graft quality over the
years. The idea of comparing a heparin-bonded Dacron graft to a glutaraldehydestabilised human umbilical vein graft (Dardik™) resulted in the DaDa-trial, a
randomized multicenter prospective clinical trial. Originally designed to compare
short-term patency between the grafts, the study required a total of 200 patients
in order to reach enough statistical power. Unfortunately, only 129 patient were
enrolled in the study, which therefore precluded interpretation of data with short
follow-up. With event rates recorded at one year postoperative, it was calculated,
that enough study power was reached for a 5-year follow-up to be published. This
showed no difference between the two graft materials. In 2006, FDA approval for
the human umbilical vein graft was discontinued, because of compatibility issues.
Nonetheless, it now is clear that long term bypass graft patency in the above knee
region does not differ between PTFE, Dacron of HUV grafts. The results and the
background of the study are addressed in chapter 4.
With the intention to diminish the thrombogenicity of synthetic graft material,
many ideas were conceived and many methods have been applied. Most of them
have concentrated on the inherently thrombotic lining of the inner surface of the
graft, as an intact endothelium constitutes the first-line homeostatic defence
mechanism by exerting anticoagulatory and anti-inflammatory effects. These
effects are mainly due to the fact, that healthy endothialial cells produce nitric
oxide, heparan sulphate and C-type natriuretic peptide, which exert potent
antiproliferative and antimigratory effects on vascular smooth muscle cells. The
inflammatory response resulting from implantation of a synthetic graft material
includes infiltration of leukocytes into the graft. These inflammatory cells secrete
cytokines that have clear proliferative effects. Therefore, graft seeding may
suppress this inflammatory response16. The concept of endothelial cell seeding
is based on the assumption, that a functional endothelial layer attenuates both
activation of leucocytes and platelets, as the thrombogenic surface that is an
obvious part of bare prosthetic graft material would provide an adhesive surface
for activated platelets17. Although graft endothelialization has been undertaken
with a high success rate, it has not shown to have beneficial effects on clinically
relevant end points such as intimal hyperplasia or graft patency. Perhaps this is due
to the fact, that complete prosthetic graft endothelialization only rarely occurs
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and usually does not extend beyo4nd one or two centimeters of the graft edges.
Another method to influence the thrombogenic properties of a graft concentrates
on the linking of pharmaceutical agents to the inner lining of the graft. This
concept has been employed in many circumstances and multiple divisions of
the cardiovascular system. Drug eluting stents have been introduced in the
cardiovascular field with great success18. The first drug that was used in this
fashion was rapamycin (sirolimus), a macrolide antibiotic that was approved for
use as an immunosuppressant to prevent organ transplant rejection. Its use was
very promising, as it significantly reduced neointimal proliferation by means of
inhibition the cytokine- and growth-factor–mediated proliferation of lymphocytes
and smooth muscle cells. However, the continuous and stable release of the active
drug in a concentration necessary to inhibit intimal proliferation remained a critical
issue. This is a well-known topic, concerning drug-graft binding in general. In
peripheral vascular bypass surgery, heparin-bonding of synthetic graft material has
been enthousiastically embraced as a novel and promising technique. In our clinical
studies, patency figures of heparin bonded Dacron graft compared well to those of
human umbilical vein grafts. Also here, the main concern remains the availability of
the drug over time. Different methods of binding the drug to the graft material are
constantly being investigated and refined.
In common vascular surgery practice, the question whether to use the saphenous
vein for use as a bypass conduit often arises. Its application may lead to prolonged
operating time and an additional hazard of wound complications, which is of
especially concern, when the contralateral saphenous vein is harvested. As is welldocumented, both the short and long-term results of autologous vein bypass grafts
are superior to patency results of synthetic bypass grafts19. Although these results
prove to be more emphasised if the autologous vein is used as a femorodistal
bypass, even for above-knee procedures a vein graft is preferable. In literature,
the choice of vein graft material for use in a femoro-femoral crossover position
is advocated, when previous graft infection is to be treated or a groin infection
exists20,21 . If neither of these situations occur, graft patency in this extra-anatomical
situation may be influenced by the existence of an external support of the graft22.
Whenever vein graft material is available, we advocate its use in infrainguinal bypass
surgery, regardless of eventual future coronary revascularisation or secondary
femoro-popliteal reconstruction (chapter 5).

General discussion

112
Future perspectives
The impact that other treatment modalities have exerted on the art of bypass
surgery provides further refinements of the technique. Now that the process of
intimal hyperplasia is better understood and key events have been defined, the
interventional approach in this process can be undertaken from different angles.
For instance, the use of physical therapies that interact in the stages of neointimal
formation seems attractive.
Radiation therapy
Endovascular brachytherapy, delivered by a variety of catheter-based devices, has
proven to be clinically effective for the inhibition of neointimal hyperplasia after
coronary and peripheral balloon/stent angioplasty.
Intravascular radiation is thought to disrupt cellular deoxyribonucleic acid (DNA) of
actively dividing intimal and medial cells23. This mechanism is analogous to radiation
therapies used in conditions of neoplastic and non-neoplastic proliferative diseases.
Since proliferation of smooth muscle cells in vascular lesions has been defined and
assessed by immunohistochemistry for proliferating cell nuclear antigen and other
markers of proliferation this approach has been enthusiastically explored. Delivering
low-dose radiation in concert with vascular surgical operations, therefore, seems
promising24. Both brachytherapy and external beam radiation have been the
subject of study and radiation has been applied to different parts of vascular
grafts – at anastomotic sites or entirely throughout the graft. Using radiotherapy
, however, provides some major concerns. For instance, the optimal dosage for
either - or ß-based radiation therapy is not known25. This issue is important, since
studies in pigs have suggested that a dose of <10 Gy may even stimulate neointimal
formation26. Practical considerations such as local anatomy and difficulty centering
delivery devices often mean dosing is variable along the course of a vessel27. The use
of ionizing radiation for the prevention of arterial restenosis awaits confirmation
with a long-term follow-up including specific experimental histological analyses28.
Ultrasound therapy
Ultrasonic tissue characterization using both noninvasive and intravascular
ultrasound has been employed in the study of intimal hyperplasia, as it facilitates
monitoring the development of wall and luminal changes in the various stages
of the process 29,30. Aside from its use as a technical, diagnostic tool, the use of
ultrasound as a physical and interfering entity has been the subject of experimental
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studies. Experiments applying high-frequency ultrasound to smooth muscle cells in
culture appeared to decrease migratory capacity in sonicated cells, but proliferative
capacity remained similar to non-sonicated smooth muscle cells31 . The mechanism,
by which ultrasound effect is employed, probably relates to enhanced transgene
expression32. In a rabbit model, ultrasound-facilitated delivery of a gene, that has
been shown to inhibit postinjury intimal hyperplasia to balloon injured carotid
arteries was compared to gene delivery without ultrasound. The ratio of intimal/
media area and the stenosis rate in the gene delivery facilitated by ultrasound
appeared to be significantly lower than those of the nonultrasound gene delivering
method33. A swine stent injury model represented in vivo testing of catheter-based
intravascular low-frequency sonotherapy for reducing neointimal proliferation.
Exposing target segments to intravascular sonotherapy with a cylindrical ultrasonic
transducer and using a sham-treated group by placing the same catheter within
the target segments for the same dwell times, without transducer activation,
resulted in significantly smaller percent stenosis and mean intimal thickness in
the sonotherapy group compared with the sham-treated group34. The response of
human vessels to sonotherapy has yet to be established.
Surgical technique related
Fine-tuning of vascular surgical technique may have a favourable effect on the
prevention of endothelial injury and therefore attenuate intimal hyperplasia
and thrombosis. Use of nonpenetrating vascular closure staples did significantly
shorten operation times, but failed to suppress intimal thickness35. In hemodialysis
access surgery, the use of vascular anastomosis staples did not shown significant
differences in flow characteristics, number of revisions or other morbidity 36.
Lately, endovascular techniques have been employed for a variety of vascular
diseases. Its seems obvious, that a minimal invasive approach should lead to less
tissue injury and, hence, less tissue reaction. To assess this, anastomotic intimal
hyperplasia in conventional bypass grafts was compared to endothelialisation
in endovascular grafts37. The percentage of stenosis at the distal anastomosis
appeared higher in endovascular grafts compared to the conventional created
anastomoses. This was due to a significantly greater mean intimal thickness and
the greater percentage of covered area with endothelial cells in endovascular
grafts. Intraluminal location possibly enhances anastomotic intimal hyperplasia of
polytetrafluorethylene grafts. Further device refinements are mandatory.
The use of tissue adhesive glue in the closure of vascular wounds has recently been
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studied38. N-butyl cyanoacrylate tissue glue was compared to conventional vascular
closure of arteriotomized carotid arteries in goats. Foreign body microscopic
changes were similarly present in both groups, with no significant difference.
Macroscopic pathological study of the specimens did not reveal significant luminal
stenosis. Adding fibroblast growth factor and heparin by delivering them in a fibrin
glue suspension selectively stimulated endothelial cells and inhibited smooth
muscle cell proliferation in culture39. In this manner, tissue glue might serve as a
carrier for biologically active agents.
Conclusion
A particular interesting and promising trend in the developing field of bypass
graft surgery is based upon merging standard vascular techniques with novel,
sophisticated and innovative technical entities. By recognizing this, vascular
surgical experience gained throughout the years will remain to be the stepping
stone of the future of vascular bypass surgery.
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CHAP TER 8
SAMENVATTING

My third bypass, unclogged the valves
Just to clog them again
Never felt worse;
A constant thirst
Lordy how my left arm hurts
CORONARY LIFE by CLEDUS T. JUDD from the album JUDDMENTAL, 1999
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Dit proefschrift beschrijft het biologisch gedrag van vaatprothesen. Door steeds
vanuit een ander perspectief de processen die ontstaan na implantatie van een
vasculaire bypass te belichten, wordt getracht een antwoord te vinden op de vraag
die vaatchirurgen al jaren bezighoudt: welke is de beste vaatprothese?
Deze vraag is van belang, omdat een goed en langdurig functionerende bypass voor
een patiënt een sterke verbetering van kwaliteit van leven betekent. Het antwoord
op de vraag lijkt eenvoudig: het ligt voor de hand, dat het goed functioneren van de
vaatprothese voor een groot deel bepaald wordt door de mate van overeenstemming
met de natuurlijke situatie. Bij de pogingen deze fysiologische situatie te bereiken,
moet rekening gehouden worden met factoren als locatie, aard van het materiaal,
diameter van het ontvangende vat en chirurgische techniek.
In hoofdstuk 1 wordt het ziektebeeld van perifeer arterieel vaatlijden en het
daarmee gepaard gaande klachtenpatroon geschetst. Door de adaptatiemechanismen van het lichaam is het mogelijk, dat de initiële behandeling van
perifeer arterieel vaatlijden niet bestaat uit een operatieve interventie, maar uit
een meer conservatieve behandeling, waarbij de klachten bestreden worden
door het lichaam meer bestand te maken tegen de oorzaak van de klachten:
weefselischemie en dientengevolge anaerobe verbranding, waarbij lactaat
gevormd wordt. Als het stadium van kritieke ischemie nog niet is bereikt, bestaat
de meest effectieve therapie uit looptraining, waarbij recente publicaties aangeven,
dat gesuperviseerde looptraining betere resultaten geeft. Beïnvloeding van het
rookgedrag en elimineren van factoren die het proces van atherosclerose negatief
beïnvloeden, is daarbij van groot belang. Secundaire preventie vindt tevens plaats
door het gebruik van thrombocytenaggregatieremmers en cholesterolverlagende
en bloeddrukregulerende medicamenten. Daarbij is een goede voorlichting over
leefgewoonten, die het ziektebeeld beïnvloeden, aangewezen.
Indien deze behandeling niet effectief genoeg is en er een progressie plaatsvindt
naar een ernstiger stadium van perifeer vaatlijden, is een interventie geïndiceerd.
Deze dient volgens de meest recente richtlijnen in eerste instantie endovasculair te
geschieden, als daar een goede mogelijkheid voor bestaat. Hierbij spelen vooral de
locatie en de lengte van de laesie een rol. Bij het bepalen welke techniek zal worden
gebruikt, zal een afweging gemaakt moeten worden, waarbij in- en outflow van
het betrokken segment en de mogelijke complicaties van de behandeling worden
betrokken.
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Wanneer gekozen wordt voor een vaatprothese als bypass van het gestenoseerde of
geoccludeerde vaatsegment, is er een keuze mogelijk uit verschillende materialen,
waarbij de keuze voor het materiaal, dat de natuurlijke, fysiologische situatie het
meest benadert het meest voor de hand ligt.
Om hierin een helder inzicht te geven, worden in dit proefschrift een polyester
prothese met een inwendig oppervlak waaraan heparine gebonden is (heparin
bonded Dacron, Intergard®), vergeleken met een prothese, waarbij de binnenzijde
is gemaakt van een gemodificeerde en gedenatureerde menselijke navelvene
(Dardik Biograft®, HUV).
Hoofdstuk 2 beschrijft de ontwikkeling en toepassing van een diermodel, met
behulp waarvan de biologische reacties die optreden na implantatie van kunststof
materiaal in de bloedbaan bestudeerd kunnen worden. Daartoe wordt in de
wand van de aorta van Beagle-honden een kunststof patch geplaatst, volgens de
gebruikelijke vasculair chirurgische techniek. Omdat een van de eerste mechanismen
na implantatie bestaat uit het activeren van thrombocyten, die het materiaal
als ‘vreemd’ herkennen en vervolgens een stollingscascade initiëren, bestaat er
mogelijk een verband tussen de aard van het materiaal en de kans op thrombosering
en failure van de graft. Om dit te kunnen onderzoeken, werd een radioactieve
marker gebruikt, die specifiek bindt aan geactiveerde thrombocyten. Op deze wijze
bleek ook het kwantificeren van de mate van thrombocytenaggregatie mogelijk.
Van deze waarde is de thrombogeniciteit van het gebruikte materiaal af te leiden.
In hoofdstuk 3 wordt het beschreven diermodel verder uitgewerkt, waarbij twee
groepen vergeleken worden: een groep, waarbij een Dacron patch wordt gebruikt
en een groep, waarbij de patch bestaat uit een stuk van de eerder genoemde
Dardik Biograft prothese. De mate van thrombocytenaggregatie werd gemeten
en vergeleken. Dit leidde tot de bevinding, dat bij de humane navelvene graft op de
tijdstippen 4 uur en 2 weken na implantatie een hogere mate van thrombogeniciteit
werd vastgesteld, waarbij deze na 4 weken geen verschil meer vertoonde met de
thrombogeniciteit van de Dacron graft. Om inzicht te krijgen in de mate van reactie
op het implantaat, werd ook lichtmicroscopisch onderzoek verricht van de patch en
de nabij gelegen delen van de aorta, nadat de patches met een deel van de aortawand
na 28 dagen waren verwijderd. Dit maakte het mogelijk, de dikte van de intima te
bepalen en de ernst van de ontstekingsreactie rond het geïmplanteerde materiaal
te onderzoeken. Deze waarden zijn van belang, omdat het ontstaan van een ‘neo’Samenvatting
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intima en een ontstekingsreactie behoren tot de ‘normale’ processen, die optreden
na modificerende ingrepen aan de vaatwand. De uitgebreidheid van deze reacties
kunnen van belang zijn voor postoperatieve vernauwing en als gevolg daarvan leiden
tot het dysfunctioneren van een graft. Uit de experimenten bleek, dat de neo-intima
bij de HUV prothese significant dikker was en de mate van inflammatie hoger.
Omdat het hoofddoel van dit proefschrift de vergelijking van verschillende bypassmaterialen is en omdat dit van belang zou kunnen zijn voor de vaatchirurgische
praktijk, is een belangrijk deel van het onderzoek gericht op de klinische situatie.
De weerslag hiervan is weergegeven in hoofdstuk 4. In dit hoofdstuk wordt een
prospectief gerandomiseerde multicenter trial beschreven, waarbij Dacron
femoropoliteale bypasses vergeleken worden met Dardik femoropoliteale bypasses
in het supragenuale traject (de DaDa-trial). 129 patiënten werden geïncludeerd in het
onderzoek (Dacron: n=59, Dardik: n=70) en follow up gegevens werden vastgelegd
gedurende elke 3 maanden in het eerste jaar postoperatief en vervolgens jaarlijks.
De gemiddelde follow up duur bedroeg 60 maanden. Na statistische analyse van
de follow up resultaten kon geen verschil worden vastgesteld tussen de Dacron en
Dardik bypass wat betreft de mate van functioneren.
In hoofdstuk 5 wordt aandacht besteed aan de autologe bypass, waarbij gebruik
gemaakt wordt van de vena saphena magna. De resultaten bij toepassen van deze
graft zijn onomstreden en laten betere uitkomsten zien, wanneer deze worden
vergeleken met grafts van synthetisch materiaal. Omdat dit met name geldt voor
het gebruik van de vene als bypass naar een arterie onder de knie en de resultaten van
een bypass in het gebied boven de knie minder uiteen lopen, zou de neiging kunnen
bestaan te kiezen voor een kunststof graft, indien een bypass boven de knie nodig
blijkt. Dit zou voordelen kunnen bieden voor eventuele latere reconstructies naar
een niveau onder de knie, omdat de vene daarvoor dan immers nog beschikbaar is.
Om antwoord te kunnen geven op de vraag, of het sparen van de ipsilaterale
vene voor latere reconstructies nuttig is, werd bij 100 patiënten onderzocht
hoe vaak het voorkwam, dat na een femoropopliteale reconstructie met
kunststof materiaal een revisie met veneus materiaal nodig bleek of de vene
later in een andere locatie – zoals een coronaire bypass – gebruikt werd. Uit de
resultaten bleek, dat kans op het nodig zijn van de vene voor een secundaire
femoropopliteale procedure 8% bedroeg na een follow up van 3 jaar en 10%
na een follow up van 10 jaar. De cumulatieve kans op het gebruik van de
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vene voor een coronaire bypass was 0% na 3 jaar en 1% na 8 jaar follow up.
Geconcludeerd wordt, dat te weinig patiënten profiteren van het sparen van de
vene voor latere reconstructies om het a priori kiezen voor kunststof materiaal voor
een femoropopliteale bypass te rechtvaardigen.
Hoofdstuk 6 bevat de resultaten van een literatuurstudie naar de oorzaken van graftfailure en beoogt inzicht te geven in de mogelijkheden die bestaan om de kans daarop
zo klein mogelijk te maken. Omdat elke interventie in een niet-perfect natuurlijke
situatie resulteert, ontstaan onfysiologische flowpatronen in het betrokken segment,
die wandveranderingen kunnen veroorzaken. Met name de veranderde verdeling
van krachten op de wand in de nieuwe situatie leiden tot een cascade van processen,
die uiteindelijk resulteert in een verdikking van de vaatwand, voornamelijk door
hyperplasie van de intima. De vernauwing van het lumen, die daardoor ontstaat,
wordt gezien als bedreiging voor de doorgankelijkheid van de graft en dus voor de
uiteindelijke kans van slagen daarvan. Door het proces van intima hyperplasie te
beschrijven en op te splitsen in haar verschillende stadia, wordt het mogelijk om van
elk stadium de belangrijkste onderdelen aan te wijzen. Omdat deze afzonderlijke
gebeurtenissen alle een aangrijpingspunt vormen voor interventies in het proces als
geheel, kan worden vastgesteld of en welke maatregelen genomen kunnen worden,
om in dit proces te interveniëren. De immuun-gemoduleerde respons op modificatie
van – en schade aan – de vaatwand, is een belangrijk onderdeel van het proces
van intima hyperplasie en dit verklaart het mogelijke nut van immuun responsregulerende agentia zoals cytostatica en immuunremmers. Door deze stoffen te
binden aan een kunststof materiaal, is mogelijk de levensduur van een dergelijke
graft langer, aangezien minder intima hyperplasie optreedt. Ook het construeren
van flowpatronen die de fysiologische situatie meer benaderen door aanpassingen
in chirurgische techniek of de vorm van de anastomose, zou met dit inzicht kunnen
leiden tot een langduriger doorgankelijkheid en grotere succesratio van de graft.
In hoofdstuk 7 staan algemene overwegingen, waarbij de bevindingen uit de andere
hoofdstukken betrokken worden. Door deze inzichten samen te voegen, worden de
processen die leiden tot het falen van een graft inzichtelijker en kunnen interventies
worden voorgesteld, die het doorgankelijk blijven van de bypass bevorderen. Deze
interventies hebben zowel biomechanische als biochemische aangrijpingspunten,
waardoor mogelijkheden ontstaan om synthetisch graft materiaal zodanig te
manipuleren, dat het ideaalbeeld van ‘de perfecte bypass’ niet langer een utopie is.
Samenvatting
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Dirk Michael Scharn (24 juni 1968,
’s-Gravenhage) is gedurende zijn gehele
jeugd breed geïnteresseerd geweest.
De eerste stappen in wetenschap, sport,
muziek en theater werden vroeg gezet en de
interesse in deze gebieden is tot op heden,
zij het afwisselend, nooit verminderd.
Op het Gymnasium in Alphen aan den
Rijn stond de keuze Geneeskunde te gaan
studeren al snel vast. Na met BVO Alphen
de landelijke basketballtitel voor junioren
te hebben binnengehaald, brak het
studietijdperk aan. Als oudste zoon in een
gezin met drie zonen werd gekozen voor de
studie Geneeskunde in Nijmegen, omdat
het gezin naar Duitsland verhuisde.
In Nijmegen ontstond op het medische vlak een voorliefde voor anatomie en een
aanstelling aan het Anatomisch Museum van de Medische Faculteit volgde, waarbij
rondleidingen gegeven werden en anatomische demonstratiepreparaten werden
geprepareerd. De wens om verder te gaan in de chirurgie was geboren.
Na deelname aan cabaretprogramma’s ten behoeve van de Introductie voor nieuwe
studenten, besloot een viertal leden zich aaneen te sluiten tot het theatergezelschap
‘Het lijk drijft al’, waarmee enkele succesvolle programma’s werden gespeeld. Vlak
voor de hoogtijdagen van de ‘Het Lijk’ verliet Dick met pijn in het hart de groep om
te beginnen met zijn co-schappen.
In de rijke Nijmeegse bandjescultuur was ondertussen al een basis gelegd in de
popmuziek, als gitarist in ‘Red Label’ en later ‘The Chaperons’. Tijdens de coschappen werd deze basis verder uitgewerkt.
Vlak voor het artsexamen vond een co-schap in Sengerema, Tanzania plaats,
hetgeen een onuitwisbare indruk heeft achtergelaten en een voortdurend interesse
in de Tropische Geneeskunde heeft doen ontstaan.
In 1993 werd een aanstelling als arts-assistent chirurgie geaccepteerd in het
Rijnstate Ziekenhuis in Arnhem (Hoofd: Dr. W.F. Eggink). In 1994 volgde een
aanstelling bij de afdeling chirurgie van het Radboud Ziekenhuis in Nijmegen
(Hoofd: Prof. dr. R.J.A. Goris), waar korte tijd later een toelating tot de opleiding
Heelkunde volgde. De opleiding werd begonnen in het Canisius Wilhelmina
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Ziekenhuis in Nijmegen (Hoofd: Dr. H.J.M. Joosten en later Dr. E.D.M. Bruggink)
en voortgezet in het Radboud. In 2001, na het behalen van ‘het briefje’, vond een
aanstelling plaats bij de vakgroep Vaat- en Transplantatiechirurgie (Dr. J.A. van
der Vliet en Dr. F.G.M.Buskens). Onder de hoede van Daan van der Vliet werd het
promotie-onderzoek opgestart, dat vandaag resulteert in dit proefschrift.
Tijdens de opleiding werd met met Frits (van ‘Het Lijk’), Ger en Thomas de groep
‘Nieuw Bloed’ gevormd. Dit gezelschap heeft zich bekwaamd in het Nederlandsche
Lied en bestaat tot op heden.
In 1997 trouwde Dick met Heike, van wie hij al sinds 1983 onafscheidelijk was. In
datzelfde jaar werd Dedie Lois geboren en in 1999 Jolijn Lola. Na 13 jaar in Nijmegen
te hebben gewoond, trad Dick in 2002 als vaatchirurg toe tot de Maatschap
Chirurgen van het Slingeland Ziekenhuis te Doetinchem en verhuisde het gezin
naar de Achterhoek.
Het Achterhoekse landschap en de mensen die er wonen, lieten een speciale liefde
voor deze regio ontstaan. Na het verlies van zijn vader, bluegrass-liefhebber, in
2009, sloot Dick zich aan bij het Bluegrass-gezelschap The Outbound Scallywag
Carnival, waarin hij contrabas speelt.
In 2011 werd het gezin verblijd met de geboorte van Minne Lou.
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Dr. J.A. van der Vliet, beste Daan,
Allereerst gaat mijn dank uit naar jou. Ik ben er zeker van, dat je in mijn
chirurgische carrière een belangrijke hand gehad hebt! Vanaf het verkrijgen van
een opleidingsplaats tot en met een lidmaatschap van je vaatchirurgische staf en
uiteindelijk de totstandkoming van dit boekje, ben je van grote betekenis geweest.
Daarbij heb ik enkele mores toch zeker van jou geleerd en liet je me kennis maken
met Edward Hopper, oude sportwagens en goede wijn. Je wijnophaaldagen zijn
legendarisch en die ene witte was de lekkerste die ik ooit heb geproefd. Ik hoop dat
ik nog lang van de gastvrijheid van jou en Babette mag genieten.
Prof. dr. M.H.W.A. Wijnen, beste Marc,
Wat vind ik het geweldig dat ik bij je mag promoveren! Als opleidingsgenoten
hebben we een prachtige tijd gehad, met een goede, degelijke opleiding. Samen
dongen we ooit naar de fellow-plek kinderchirurgie, waar ons beider hart lag.
Terecht ben jij verkozen en wat een mooie prof ben je! Ik vind het knap van je en
wees verzekerd van mijn respect.
Dr. T.H. van Kuppevelt, beste Toine,
Dank je dat je mijn co-promotor wil zijn. Je support is van groot belang gebleken
voor deze clinicus uit de periferie, voor wie biomarkers, glycosaminoglycanen en
proteïnasen geen alledaagse kost zijn.
Dr. H.J.M. Joosten en Dr. E.D.M. Bruggink,
Twee opleiders in het CWZ, elk met zijn eigen stijl. Er gaat bijna geen dag voorbij, of
er duikt ergens wel een uitspraak op, die van een van u zou kunnen zijn. De Klinische
Blik en de beginselen van de Heelkunde kwamen nergens zo duidelijk binnen als
tijdens mijn opleiding in het CWZ. Streng maar rechtvaardig leidde u op, zonder
daarbij het vaderlijke aspect uit het oog te verliezen. Wat heb ik veel van u geleerd.
Ik heb er nu al veel aan als mede-opleider in het Slingeland.
Dr. F.G.M. Buskens, beste Frans,
O, wat heb je het moeilijk met me gehad. Je moet gedacht hebben, dat ik het
nooit leerde. Je operatietechniek, waarin grote en kleine bewegingen altijd raak
en effectief waren, heeft grote indruk op me gemaakt. Ik herinner me dat ik je in
de eerste periode in Doetinchem vol trots belde, dat ik in één dag een aneurysma,
een carotis en een crurale bypass had gedaan. En dat ik het kon. Toen de ‘Buskruit’
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onlangs aangemeerd was in de jachthaven van Doetinchem en je me opzocht, was
ik verguld met het respect dat je liet zien. Je bent een uniek en groot mens! (En
daarbij de trouwste fan van Nieuw Bloed).
Peter Klemm, beste Peter,
Met geduld en respect heb je me de grondbeginselen van de vaatchirurgie
bijgebracht. Je vriendschap en trouw zijn tekenend voor de vriendelijke en milde
persoon die je bent. Dank en op nog vele ontmoetingen!
Dr. A.P.M. Boll, beste Bart,
Wat ben ik blij, dat je er op de cruciale momenten steeds voor me was. Je dook altijd
op, als je vermoedde dat ik de advertenties in de Volkskrant al aan het scannen was,
om de koers radicaal te verleggen. Dank je daarvoor; je was (en bent) een echte
mentor. Ik hoop dat je weet, dat ik er ook voor jou zal zijn, als dat nodig is.
Dr. K. Havenga, beste Klaas,
Je was mijn opleidingsmaatje van het eerste uur. Samen na St. Anneke om 23:00
uur bij Heike neerploffen op de bank om ER te kijken en wie-het-eerst-weet-watie-heeft-heeft-gewonnen… Dank je voor een geweldige tijd en succes in het hoge
noorden!
Marald Wikkeling, mijn beste Marald,
De jaren van onze vriendschap zijn onvergetelijk; met Anuscka, Heike, jou en mij,
wat een mooie tijd hebben we gehad en wat verschrikkelijk dat je afscheid moest
nemen van je prachtige Anuscka. Jij weet als geen ander, wat een indruk ze op
mij gehad heeft. Wat fijn dat je nu gelukkig bent met Anita. Je nooit aflatende
zorgzaamheid staat voor altijd in mijn geheugen gegrift.
Rachelle Zonneveld, wat is het fijn om met je te werken! Ik weet niet hoe ik mijn
werk zou kunnen doen zonder jou: de manier waarop jij omgaat met weer eens een
‘het wordt een beetje anders’ van mijn kant is fantastisch. Je ziet altijd een oplossing
en blijft altijd rustig. De zonnetjes op het dicteerwerk zijn terecht! Dank je.
Dayenne Driever, bibliothecaris van het Slingeland Ziekenhuis, dank je voor je
enthousiaste inzet als ik weer eens bij je kwam voor een onmogelijk vindbaar artikel.
Adressen printen op etiketten? Ik kom voortaan beter meteen naar jou. Dank!
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Gemma Groen, organisatorisch hoofd dagbehandeling, dank je voor het
beschikbaar stellen van je database met contacten.
Ton, Toon, Eric, Hans, Louis, beste Heeren,
De culinaire avonden, tijdens welke wij de gebeurtenissen in de wereld de revue
laten passeren, geven mij steeds weer interessante en nieuwe inzichten. Ik ben
onder de indruk van jullie algemene ontwikkeling. Dank voor het ‘sparren’.
Frits, Ger en Thomas,
Goede Vrienden, Oude Vrienden: Mannen van Nieuw Bloed! Met Zweet en Tranen
hebben we iets unieks neergezet! De muzikale magie die ontstaat als wij samenzijn
is altijd weer een genot. Door jullie leerde ik wat begrippen als ‘aanvullen’, ‘steunen’
en ‘respect’ werkelijk betekenen.
Frits van den Wildenberg, beste Frits,
Jij verdient hier een aparte vermelding. Als voorman van Nieuw Bloed heb je me
veel geleerd. Je bent een entertainer en weet je toehoorders altijd te raken. Mij
raak je door je trouwe vriendschap. Ik ben je voor altijd dankbaar, dat je mogelijk
maakte, dat ik afscheid kon nemen van mijn vader. Vrienden voor altijd!
Wouter van der Valk, Frank Janssen, Aart Mudde, Frans Reijnders, Christine
van der Pol, Johan de Boer, beste redactieleden van de Intercom, jullie vormden
voor mij de inspiratie om weer te gaan schrijven. Over alles wat ter sprake kwam.
Boekrecensies, platenrecensies, originele stukken: heerlijk. Dank voor jullie wijsheid
en inspiratie.
Felix van Lammeren, Sjoerd van der Meer, Jan Seegers, Ton van Engelenburg,
Koen Reijnders, Susan Lemson, Erik Staal, beste maten,
Intussen is het geen geheim meer: we hebben een uniek maatschap, waarin
wederzijds respect en goed-doen centrale begrippen zijn. Onze som is meer dan
de som der delen. Ieder van ons heeft zijn of haar unieke kenmerken, die ingezet
worden voor een goede sfeer en goede zorg voor de Achterhoekse patiënten. Wat
ben ik trots op ons! Dank voor jullie respect.
Felix: Met je milde karakter en gevoel voor stijl stuur je onze maatschap de goede
kant op en bewaak je de omgangsvormen. Je bent een echte heer van stand.
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Sjoerd: Directeur social van onze groep, ambassadeur voor de Doetinchemse
Chirurgen. Je kennis van de geschiedenis van de chirurgie is bewonderenswaardig.
Jan: Dank je voor je geduld met mij. Ik ben je dankbaar voor de manier, waarop je mij
ruimte geeft. Je hebt me behalve de carotisthrombendarterectomie ook diplomatie
geleerd. Ik vind je een wijs man.
Ton: Goede vriend, buddy, wat ben ik blij, dat je mij destijds uitnodigde mee te
solliciteren voor de plek in het Slingeland! De jaren, waarin wij filosofeerden over
het ideale, geïntegreerde opleidingsmaatschap waren spannend en uitdagend. Je
bent multi-getalenteerd en een begaafd chirurg. Samen met jou muziek maken is
geweldig! ‘Sweet Goodbyes’ had ik zonder jouw begeleiding niet gedurfd…
Koen: Wat is het geweldig jou als maat te hebben. Je wekt de indruk mij helemaal te
snappen en je kunt me soms in een richting wijzen, die ik al een tijdje zocht. Dank je
voor je ontwapenende eerlijkheid. What you see it what you get, right?
Susan: Maatje, lieve, gevoelige Susan. Ik ken niemand, die zo voor iets kan gaan
als jij. Zelfs met een overvolle agenda en veertien ballen in de lucht, kun jij nog
onverdeelde aandacht geven aan iemand die daarom vraagt. Vroeger liepen we
gearmd door het ziekenhuis, nu sta je naast en achter me als paranimf!
Erik: Beste Erik, wat is de maatschap weer een stukje mooier geworden met jou erbij!
Je rustige, vriendelijke persoonlijkheid en ervaring in het leven en in de geneeskunde,
maken jou tot een goede, empathische en kundige chirurg. Ik hoop nog lang met je
samen te mogen werken en zie uit naar het weerzien met Sengerema!
Ruud van der Kruijk, overbuurman, vriend en altijd aanwezige vraagbaak. Dank
je dat je vandaag naast me staat, langs jou komt niemand zonder jouw expliciete
toestemming!
Alec Malmberg, de afgelopen jaren heb je je speciaal voor mij ingezet. Je luisterde,
analyseerde en gaf advies. Dat heeft mij meer geholpen dan je misschien denkt. Je
bent een inspirerend ambassadeur voor Compassion en bij jou en Mar – heldin! - voel ik
me altijd fijn. Jij was het, die Minne in mijn armen legde. Dank je voor je zorgzaamheid.
Guido en Nelly Leine, had ik maar net zoveel energie en doortastendheid als jullie,
dan was dit boekje in twee dagen klaar geweest. Niets is bij jullie ooit te gek, alles
kan. Tijdens de 1263 bochten, die we op de BMW’s door het Atlasgebergte reden
heeft dit boek langzaam vorm gekregen. Als jullie zeggen hoe goed ik ben, deel ik
het altijd door twee. Jullie zijn echt te goed voor mij!
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Walter en Anne Zondervan, vrienden van het eerste uur, jullie prachtige gezin,
waarin ik me altijd veilig en opgenomen voel is een rustige haven, waarin ik graag
aanleg. Jullie vrolijkheid en muzikaliteit zijn zeer inspirerend. Wat hebben we veel
meegemaakt… Ik ben er heel dankbaar voor, dat onze vriendschap alleen maar
hechter is geworden. Mi firi famiri!
Pascal Vroemen, de aanloop naar dit boekje was bij tijden ronduit stormachtig.
Mede dankzij onze hardloopsessies kwamen we op plaatsen en momenten die
volstrekt uniek waren. ‘Het lichtend pad en de regenboog’ staan voor altijd in
mijn geheugen gegrift en reizen met mij mee. Dank je voor je onvoorwaardelijke
steun en vriendschap, die zich nog steeds verdiept. Nog altijd ben ik er trots op,
dat we met onze gezinnen het beste 1/52e deel van het jaar vieren! Dank aan jou
en Stephanie.
Hanneke Nabuurs, vanaf het begin van de studie geneeskunde ben je mijn maatje.
Met jou is alles bespreekbaar en ik hecht veel waarde aan jouw wijze mening. Dank
jou en Marc voor jullie onvoorwaardelijke support voor Heike en voor mij.
Eric van Nelfen, wat is het geweldig je te kennen! Je bent een volstrekt uniek
persoon en in mijn ogen een waar genie. Je creativiteit kent geen grenzen en waar bij
een ‘normaal’ mens het denken ophoudt, begint het bij jou pas. Tijdens de eindeloze
gesprekken in gezelschap van onze vriend Oban overtrof jouw kennis van muziek, ja
van alles eigenlijk, de mijne. Dank je voor dit prachtige en persoonlijke boekje!
Mijn broers, Tim en Joren, de band die we hebben is heel speciaal. Gewillig en
liefdevol laat ik jullie je favoriete tijdverdrijf (‘Bro-bashing’) op mij botvieren en
ik sta soms echt versteld van jullie woordvondsten. Jullie zijn beiden succesvol en
hebben dat volledig zelf gedaan. Vergeet nooit hoe trots ik op jullie allebei ben!
Semper Fi!
Rosanne, lieve schoonzus, graag richt ik me persoonlijk tot jou. Je hebt de gave,
zaken van diverse kanten te bezien en daarbij niet te oordelen. Mijn respect voor
jouw rust en wijsheid is huizenhoog. Dank je dat ik altijd op je kan rekenen.
Frank en Antoinette, mijn lieve schoonouders, nog steeds 6000 km op de motor
en slapen op een matje. Respect! Dank voor jullie warmte.
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Mam, door jou is mijn interesse voor geneeskunde ontstaan. Ik weet dat je nog
dagelijks pijn voelt, na het verlies van papa. Je hebt de draad weer opgepakt en
staat krachtig en positief rechtop. Ik ben enorm trots op je!
Pap, Dick Scharn sr., wat zou je het fantastisch hebben gevonden om mijn
promotie mee te maken. In 3 maanden hebben we een leven ingehaald en daar ben
ik nog steeds heel dankbaar voor. Intussen heb ik de draad weer opgepakt en leef ik
mijn leven verder in jouw naam. Het zakmesje heb ik altijd bij me. Rust zacht.
Lieve Dedie, Jolijn en Minne, mijn dochters. Wat is het geweldig om jullie vader te
mogen zijn! Jullie zijn alle drie volledig anders en ik doe mijn best er voor jullie op de
juiste manier te zijn. Soms moet ik nog leren hoe en gelukkig helpen jullie me daar
mee. Jullie openheid en spontaniteit zijn prachtig en ik geniet intens van jullie. Op
naar de volgende TGI Friday!
Dedie, wat ben je al groot geworden! 15 jaar geleden maakten we ons grote zorgen
over de toekomst en kijk eens wat je allemaal kan! We zijn heel trots op je en kijken
vol vertrouwen naar je toekomst. Knap hoor!
Jolijn, je bent een prachtig mens aan het worden. Je hebt gezien dat het soms
moeilijk kan zijn in het leven en ik heb heel veel respect voor de manier waarop jij in
het leven staat. De wereld ligt aan je voeten!
Minne, wat een cadeau ben je. Je vrolijkheid en vertrouwen zijn een genot om te
zien. We zien al een beetje wie je gaat worden en dat maakt ons heel blij.
Heike, lieve echtgenote en maatje van me. Ik heb het je de laatste jaren niet
gemakkelijk gemaakt. Dat je bent blijven staan en alleen maar mooier geworden
bent, is geheel jouw verdienste. Je nuchtere kijk en onvoorwaardelijke liefde maken
je een sterk persoon. Je bent een perfecte moeder voor onze meiden, ook waar dat
soms buitengewoon moeilijk is. Ik denk niet, dat iemand dat beter kan dan jij. Het
verbond dat wij hebben is uniek en vast. Dit jaar zijn we 30 jaar samen! Nog steeds
hand in hand! Dank je voor je liefde, ik hou ook van jou.
Doetinchem, januari 2013
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COMPASSION FOR CARE
Wij geloven dat iedereen het vermogen heeft
compassie te tonen: om anderen te behandelen
zoals je zelf behandeld wil worden. Door vriendelijk
te zijn, grootmoedig en vergevingsgezind, gastvrij,
hulpvaardig en attent, nieuwsgierig, met een luisterend oor en met volle aandacht
aanwezig, empathisch en in contact, respectvol, begripvol en erkennend. Dit vraagt moed,
zelfreflectie en zelfcompassie.
Wij geloven dat compassie het vermogen heeft om de huidige disbalans in de
gezondheidszorg tussen efficiency en menselijkheid, tussen controle en vertrouwen te
herstellen. Compassie tonen aan patiënten en hun familie is onmisbaar voor een helende
ervaring. Dit houdt bovendien in dat zij actief betrokken moeten worden in de gezamenlijke
inspanning voor ‘care’ en ‘cure’. Compassie tonen aan collega’s verbetert samenwerking en
stimuleert de passie om te helpen en helen.
We starten een beweging met als doel compassie (terug) te brengen in de kern van de
gezondheidszorg. We bouwen aan een netwerk van mensen en organisaties die zich hiermee
bezig houden. Met als doel het uitwisselen van ideeën, ervaring en kennis om compassie in
de zorg te bevorderen. We willen compassie bij de wortels herstellen: de zorgopleidingen.
We stimuleren en ondersteunen onderwijsprogramma’s en organisaties waarin compassie
ingebed is. We verzamelen, delen, bevorderen en ondersteunen onderzoek naar de aard, de
voordelen en het gebruik van compassie in de gezondheidszorg. We bouwen wetenschappelijke
database met evidence based best practices van compassie in de gezondheidszorg.
We nodigen u uit, professionals in de zorg, om compassie als leidraad te gebruiken in een
gedeelde ambitie om een helende zorgomgeving en stimulerende werkplek te creëren.
Overheid, zorgaanbieders, medische universiteiten en hogescholen en individuele
professionals in de zorg hebben elk de verantwoordelijkheid dit proces te faciliteren. Dit lukt
door een cultuuromslag te bewerkstelligen waarin ruimte is voor leren, open communicatie
en samenwerking. Elke medewerker in een instelling, van arts tot schoonmaker, wordt
gewaardeerd en gehoord als een onmisbaar teamlid. Elk teamlid krijgt de bevoegdheid
om zelfstandig problemen op te lossen en aan de behoeften van patiënten tegemoet te
komen. Door een emotioneel veilige omgeving te creëren, krijgen teamleden de kans om
van fouten te leren in een voortdurende cyclus van kwaliteitsverbetering. Teams worden
uitgedaagd de kracht van de verbeelding te gebruiken: om compassie zo in te zetten dat
elke handeling van ‘cure’ en ‘care’ een positieve en gedenkwaardige ervaring wordt. Elke
professional gedraagt zich als een rolmodel voor nieuwe medewerkers en studenten. De
expertise van elk teamlid rondom een patiënt, inclusief de patiënt en zijn familie zelf, zal
actief bevorderd, ingezet en gewaardeerd worden op weg naar participatory healthcare.
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